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Out-of-band relay clarification 

Mike Hart, Yuefeng Zhou, Peiying Zhu, Priscilla Santos
UK Broadband, NEC Europe, Nortel Networks, Bell Canada
Introduction

Relays offer a potentially attractive solution to ensuring rapid, cost effective provision of coverage.  Whilst traditionally repeaters have been used to this end, in systems that utilize advanced encoding techniques that adapt with link quality, they will not result in optimal utilization of the radio resource across each link between the BS and the MS.  This is because the BS must encode the packet using a format that cannot be adapted at the repeater, and therefore has to select a format based on the weakest of all the links between the BS and MS.
The consequence of this is that radio resources at the BS are typically not best utilized as packets transmitted by a repeater to a cell edge user operating at QPSK ½, for example, have to be transmitted between the BS and repeater at QPSK ½.  However, if the repeater is supporting close in users with 64QAM 5/6 in the DL, for example, then the BS to repeater link must be engineered during deployment to be robust enough to support this.  If relay technology is used, then in this case, all packets could be transferred to the relay using 64QAM 5/6, and the relay could adapt the rates based on each relay to MS link, thereby requiring much fewer slots at the BS, leaving more capacity for MSs connected directly to the BS.  Furthermore, relays will enable advanced antenna techniques to be employed, such as beamforming and MIMO, with different techniques potentially being utilized on the BS to relay and relay to MS links.
Whilst it may be argued that the downside to relay stations is increased complexity, and therefore cost, this might not necessarily be the case.  One of the significant costs in these types of devices is the power amplifier, and due to the advanced features enabled by use of a relay, as well as the fact it will not amplify noise, it could be possible to achieve the same level of coverage extension with a lower rated power amplifier.  It can also be appreciated, due to improved network spectral efficiency, that as demand grows in a network, a relay station will be able to outlast a repeater before it needs to be swapped out for another BS with dedicated backhaul.  Furthermore, if relay stations are carefully engineered, it could be possible to simply apply a software upgrade such that the RS can become a BS when dedicated backhaul is provided.

The development of the IEEE P802.16j/D3 draft clearly recognizes this potential benefit of relay technology, however currently it only fully defines an “in-band” relay, which is a relay station that operates on the same carrier frequency as its serving BS and can only support other connected relays and MSs on the same carrier.  Out-of-band relays are defined, but is mentioned that they use the existing frame structure in IEEE Std. 802.16, thus cannot benefit from the advanced PHY and MAC features introduced to optimize relaying in IEEE P802.16j/D3.  

In-band relaying is obviously an attractive solution for an operator that has limited spectrum and is therefore forced to deploy an N=1 (i.e. frequency reuse 1) network from day 1, possibly using carrier segmentation with a combination of beamforming and/or fractional frequency reuse to mitigate interference.  However, for an operator that has multiple carriers and plans to deploy an N>1 deployment (for example, an operator with three or more carriers) with BSs and sectors operating on different frequencies and not using segmentation, integrating in-band relays into the deployment might not be straightforward as problems will arise from having to segment carriers and ensure interference issues do not arise..  Therefore, out-of-band relays provide an alternative that would enable operators to use all subchannels of a carrier on a sector at the BS, thereby enabling greater per sector capacity whilst still being able to get the benefit associated with relays. 
This contribution therefore addresses the need for operators who possess enough spectrum, and wish to deploy IEEE Std. 802.16 based systems with N>1 to provide maximum per sector capacity, minimize issues relating to interference and are interested in relaying as a solution for rapid, flexible, cost effective provision of coverage by properly defining non-transparent out-of-band relays (i.e. relays that use a different carrier frequency to relay the received signal) in the IEEE P802.16j draft standard. 

Relay types
This contribution defines two types of non-transparent out-of-band relay stations that could be implemented, depending on the cost-benefit.  In order to have minimum impact on the MR-BS relative to what is defined in D3, it is proposed that the MR-BS will still only use one carrier/radio per sector, time dividing it, as done for the in-band approach, between communicating with SSs and RSs.  The benefit of this to the vendor and operator is that the MR-BS architecture is fundamentally the same, irrespective of the non-transparent RS type that is deployed and it can effectively support both out-of-band or in-band operation, depending on how the operator wishes to deploy.  It also means that the upgrade of an existing BS to an MR-BS that supports out-of-band relays does not require fundamental hardware changes.   To aid with the appreciation of the proposed topology, Figure 1 illustrates the carrier frequency arrangement for a two-hop deployment.
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Figure 1. Out-of-band two-hop relay topology.

In general the types of relays that are proposed to be covered in the IEEE P802.16j standard are either based on a single radio device or a dual radio device and based on the terminology in IEEE P802.16j/D3 are termed: single radio in-band (transparent or non-transparent); single radio out-of-band (non-transparent only); dual radio out-of-band (non-transparent only).  The latter two out-of-band RSs are described further as: 
· The single radio device possesses one transmit and receive chain that are switched between communicating with its superordinate station on one carrier and its subordinate station(s) on a separate carrier.  Therefore, the RS is either receiving from the superordinate station, transmitting to the superordinate station, transmitting to the subordinate station or receiving from the subordinate station.  The high-level frame structure of this type of RS for the two-hop case is shown in Figure 2.
· The dual radio device possesses two transmit and receive chains.  One chain can be used for communicating with its superordinate station and the other with its subordinate stations.  Typically some degree of frequency separation may be required between the centre carrier frequencies of the two chains to assist with isolation, as commonly utilized in single hop FDD systems.  The high-level frame structure of this type of RS for a two-hop case is shown in Figure 3.
The benefit of the first option is that it requires fewer RF components; the benefit of the second option is that it enables the RS to always be transmitting or receiving on the access link, thereby improving spectral efficiency on the carrier used at the RS for communicating with subordinate stations.

It is worth noting that a dual radio out-of-band relay could operate as a single radio out-of-band or as an in-band relay.  Also a single radio out-of-band relay could operate as an in-band relay.
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Figure 2. High-level of two hop frame structure for a single radio out-of-band RS.
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Figure 3. High-level of two hop frame structure for a dual radio out-of-band RS.

More details on the frame structure and operation are provided in the following sections for the single and dual radio relay types respectively.

Single radio RS frame structure details

The current in-band relay in the IEEE P802.16j/D3 draft is a single radio RS with the same carrier frequency used for communicating with both superordinate and subordinate stations such that all the access and relay links operate on the same carrier.  Frequency reuse can be achieved by operating the communication with superordinate and subordinate links on different segments.  

The difference for a single radio out-of-band relay is that the carrier used for communicating with superordinate station is different to that used for communicating with subordinate stations.  Therefore the superordinate relay link is on one carrier (rather than segment) and the access link and subordinate relay links will be on the other carrier (rather than segment).
The effective frame structure, based on the format used in D3, is shown in Figure 4.
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Figure 4. Two hop frame structure for single radio out-of-band RS.

As can be appreciated by comparing Figure 4 with Figure 270b in IEEE P802.16j/D3, the basic frame structure is unchanged, except for the fact that the access zones and relay zones operate on different carriers.

For the more than two hop case, D3 defines two approaches to enable the in-band RS to deal with a relay link connection to both superordinate and subordinate stations.  The first is multiple relay zones in a subframe; the second is altering the direction of communication in the relay zone across consecutive subframes.  Both these approaches can be used for the out-of-band RS, where the general rule is that one carrier is used for communication with superordinate stations and the other carrier used for communication with subordinate stations, whether these be SSs or RSs.  Figure 5 provides a high-level representation of how the physical layer frame would be configured for the former approach; it is straightforward to appreciate how it will be configured for the other approach, in that each carrier at the RS will always have a relay zone with only one of the relay zones being active.  Note in both case that f3 could be a separate third carrier or f3 could be the same as f1, depending on how the operator has deployed their network and the location of the RS.
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Figure 5. More than two-hop out-of-band single radio high-level frame structure based on alternating usage of relay zones.
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Figure 6. More than two-hop out-of-band single radio high-level frame structure based on multiple relay zones per subframe.

Dual radio RS frame structure details

The difference for a dual radio out-of-band relay relative to a single radio out-of-band relay is that the two carriers can operate at the same time.  This means the relay station can simultaneously communicate with superordinate and subordinate stations by using the two carriers simultaneously.

The effective frame structure, based on the format used in D3, is shown in Figure 7.
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Figure 7. Frame structure for dual radio out-of-band RS.

The reason for keeping the access zones and relay zones separate, even though the RS can receive the whole of the MR-BS DL subframe or transmit at any time during the UL subframe, is that it enables the same MAC and PHY signaling to be supported across all types of non-transparent relay, rather than redesigning all of the framing and signaling already contained in IEEE P802.16j/D3.  Further, by maintaining the relay zone, it enables the advanced signaling mechanisms introduced in IEEE P802.16j/D3 for the relay link to be supported by the non-transparent out-of-band dual radio relay.  In general, the dual radio out-of-band relay could choose only to process the relay zone transmitted by the MR-BS, relying on the R-amble for synchronization.  However, it could also monitor the preamble as an alternative, which would mean that the R-amble does not have to be supported if only dual radio RSs are in use, which further improves efficiency over a single radio based approach.
In terms of extending to the more than two hop case, Figure 8 provides a high-level illustration of how the frame structure is configured for the dual radio case.  Only one approach is required due to the fact the relay station can operate the superordinate and subordinate station communication simultaneously.
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Figure 8. High-level more than two hop frame structure for a dual radio RS.

Network entry & configuration
In IEEE P802.16j/D3, configuration of the relay station is performed as part of the network entry procedure, which consists of the stages indicated in Figure 75a in IEEE P802.16j/D3.  In summary, the following stages need some enhancement to support out-of-band relay configuration:
1) SBC: Negotiate basic capability that the station supports out-of-band relay as well as the particular configuration parameter range(s) supported (e.g. negotiate type of non-transparent RS and second carrier configuration capabilities i.e. frequency, BW, FFT size, etc.).
2) RS_Config-CMD: Configure carrier frequency/BW/etc. settings for the carrier used to communicate with subordinate stations.
For the single radio relay station, the multiframe configuration TLVs (see 11.24.6 in IEEE P802.16j/D3) in the RCD message are needed if the approach to enabling more than two hop relay illustrated in Figure 5 is adopted.  No changes are needed to this TLV for the case of an out-of-band relay station, as it is implied through the definition of the station that the second carrier will be used for communicating with subordinate stations.  Therefore the relay zone in the DL subframe operating in transmit mode will be on the second carrier frequency; whereas a relay zone operating in receive mode will be on the same carrier as the MR-BS.  The converse applies for the UL subframe, by definition.

Capability negotiation phase (SBC-REQ) modifications

It is proposed that the SBC phase be modified to enable the RS to effectively indicate the following capabilities:
· Mode 1: Transparent relay

· Mode 2: Non-transparent relay with single radio, single carrier capability (i.e. in-band)

· Mode 3: Non-transparent relay with single radio, dual carrier capability (i.e. out-of-band)

· Mode 4: Non-transparent relay with dual radio capability (i.e. out-of-band)

A Mode 4 RS should be able to operate as a Mode 2 or 3; and a Mode 3 RS as a Mode 2 RS.  Therefore, it is possible to negotiate capability with 3 bits, if required.

One new TLV is required to enable the RS to indicate what carrier configuration is supported for the second carrier, i.e. frequency range, bandwidth, FFT size, etc.  Two approaches are provided for capability indication: the first is based on indicating which of a set of predefined band configurations (or bandclasses) are supported, which is a lower overhead approach as the bands are defined in the standard and then indentified by an ID in the SBC exchange.  The second approach is based on indicating the exact band configurations that can be supported.  The first approach is preferred and used wherever possible due to lower overhead; the second approach could be used as a supplementary method for indicating support of band configurations not defined in the standard.
The well known band definitions that are proposed to be included into the draft standard are listed with their associated parameters in Table 1.  All that is required is for the RS to indicate which band IDs are supported through a bitmap.  Table 2 provides the generic band support capability parameters that would required to be signaled if further bands that are not included in Table 1 are supported.  Note with the first approach, support of well known bands can be signaled with a 3 byte TLV whereas the generic approach requires 9 bytes for each band defined, plus a further 1 byte overhead.

Table 1. Predefined band configurations for second carrier.
	Band ID
	Start frequency (kHz)
	Bandwidth (kHz)
	Centre frequency step (kHz)
	Number of steps in band
	FFT size
	Notes

	1
	2304500
	8750
	250
	364
	1024
	2.3 – 2.4GHz Band

	2
	2302500
	5000
	250
	380
	512
	2.3 – 2.4GHz Band

	3
	2305000
	10000
	250
	360
	1024
	2.3 – 2.4GHz Band

	4
	2306750 & 2346750
	3500
	250
	46
	512
	WCS Band

	5
	2307500 & 2347500
	5000
	250
	40
	512
	WCS Band

	6
	2310000 & 2350000
	10000
	250
	20
	1024
	WCS Band

	7
	2498500
	5000
	250
	756
	512
	2.496 – 2.69GHz Band

	8
	2501000
	10000
	250
	736
	1024
	2.496 – 2.69GHz Band

	9
	3302500
	5000
	250
	380
	512
	3.3 – 3.4GHz Band

	10
	3303500
	7000
	250
	372
	1024
	3.3 – 3.4GHz Band

	11
	3305000
	10000
	250
	360
	1024
	3.3 – 3.4GHz Band

	12
	3402500
	5000
	250
	780
	512
	3.4 – 3.6GHz Band

	13
	3403500
	7000
	250
	772
	1024
	3.4 – 3.6GHz Band

	14
	3405000
	10000
	250
	760
	1024
	3.4 – 3.6GHz Band

	15
	3602500
	5000
	250
	780
	512
	3.6 – 3.8GHz Band

	16
	3603500
	7000
	250
	772
	1024
	3.6 – 3.8GHz Band

	17
	3605000
	10000
	250
	760
	1024
	3.6 – 3.8GHz Band

	18
	3402500
	5000
	250
	1580
	512
	3.4 – 3.8GHz Band

	19
	3403500
	7000
	250
	1572
	1024
	3.4 – 3.8GHz Band

	20
	3405000
	10000
	250
	1560
	1024
	3.4 – 3.8GHz Band


Table 2. Supplementary second carrier capability indication.
	Parameter
	Field size (bits)
	Notes/reason

	Number of bands supported
	8
	Enables definition of up to 256 bands.

	Band start frequency
	24
	In units of kHz. Enables start frequency to be 0 to 16.78GHz, which enables the range of <11GHz supported by the OFDMA PHY to be covered.

	Bandwidth
	15
	In units of kHz. Enables the 0 to 32MHz, which covers the range of 1MHz to 20MHz that is generally accepted to be the range of BW supported by the OFDMA-PHY.

	Centre frequency step
	11
	In units of kHz. Enables 0 to 2MHz channel step size.  Generally 200kHz and 250kHz are used.

	Number of steps in the band
	14
	Enables band to be up to 16384 * Centre frequency step wide in kHz.  For a 250kHz step, this would give a maximum bandwidth of 4GHz.

	FFT size
	2
	Enables 128, 512, 1024 or 2048 to be signaled.

	Reserved
	6
	To byte boundary.


A final TLV is needed for the RS to be able to indicate the minimum carrier separation between the carrier used by the superordinate station and that to be used by the RS for communication with subordinate stations.  It is proposed that this TLV be 3 bytes as if the units are kHz, then 2 bytes would only enable up to ~65.5MHz to be indicated.
Configuration phase (RS_Config-CMD) modifications
The following parameters need to be configured by the RS_Config-CMD in addition to those already included in the message defined in IEEE P802.16j/D3:

· Operation mode (single/dual radio)

· Centre frequency of second carrier (if used)
· Bandwidth

· FFT size

Proposed changes to the draft
Change 3.124 as indicated:

3.124 out-of-band relay: A non-transparent relay where the access links and relay links communication with the superordinate station and subordinate stations within a subframe is performed onuse different carrier frequencies and may not be time separated.

Change 1.6 as indicated:
Two different types of RS are defined, namely transparent and non-transparent. A non-transparent RS can operate in both centralized and distributed scheduling mode, while a transparent RS can only operate in centralized scheduling mode. 

A transparent RS communicates with the superordinate station and subordinate station(s) using the same carrier frequency.  A non-transparent RS may communicate with the superordinate station and subordinate station(s) using the same or different carrier frequencies.  The former case is useful if a single frequency network is being deployed.  The latter is useful if multiple carrier frequencies are being used in a network.  In the case of separate carrier frequencies being used, the non-transparent RS can either be a single radio RS, where time division and carrier frequency switching is used to enable communication with the superordinate station and subordinate station(s), or it can be a dual radio RS, where simultaneous communication with the superordinate station and subordinate station(s) is possible.
Change 8.4.4.7 as indicated:

8.4.4.7 Frame structure of MR-BS and RS

This sectionsubclause describes the minimal requirements for a frame structure for an MR-BS and its subordinate RS.

For out-of-band MR systems, the frame structure specified in subclause 8.4.4.2 shall be used on each link.

The remainder of this subclause addresses the frame structure of in-band MR systems.
Change 8.4.4.7.2 as indicated:

8.4.4.7.2 Frame structure for non-transparent mode

For the case where an MR-BS supports two-hop relay, the DL subframe shall include at least one access zone and may include one or more relay zones to enable the RS to operate in either transmit or receive mode. The UL sub-frame may include one or more UL access zones and one or more relay zones.

Two approaches for supporting more than two hop relaying are specified for single radio RSs. An single radio RS shall be capable of being configured to support either one of the operations, but shall not be required to support both operations simultaneously.

The first approach allows one or more RS or MR-BS frames to be grouped into a multi-frame with a repeating pattern of allocated relay zones. The MR-BS and RSs are assigned to transmit, receive or be idle in each of the relay zones within the multi-frame. As an example, a two-frame multi-frame can be used to assign odd hop RSs to transmit in the DL relay zone of odd number frames and the MR-BS and even hop RSs to transmit in the DL relay zone of even number frames.

The second approach enables a single-frame frame structure consisting of more than one Relay zones. The MR-BS and RSs are assigned to transmit, receive, or be idle in each relay zone within the frame. As an example, the odd hop RSs can be assigned to transmit in one DL relay zone, while the MR-BS and even hop RSs can be assigned to transmit in another DL relay zone.
Change 8.4.4.7.2.2 as indicated:
8.4.4.7.2.2 Single radio rRelay frame structure

A single radio relay station can either perform relaying on the same carrier frequency or on a separate carrier frequency, depending on its negotiated and configured capability, by time dividing communication with the superordinate station and subordinate station(s).  
An example of an single radio RS frame structure is shown in Figure 270b for the case of  relaying on the same carrier.  For the case of relaying on a separate carrier, the frame structure is the same as illustrated in Figure 270b, except that the communication with the subordinate station(s) is performed on a different carrier frequency to that used by the superordinate station.

The RS transmits its frame start preamble time aligned with its superordinate station’s frame start preamble.

The UL sub-frame of the RS is aligned to the UL sub-frame of the MR-BS.

The DL sub-frame shall include at least one DL access zone and may include one or more relay zones. The UL sub-frame may include one or more UL access zones and one or more relay zones.

A relay zone may be utilized for either transmission, reception, or idle but the RS shall not be required to support both modes of operation within the same zone.

In each frame, the TTG shall be inserted between the DL sub-frame and the UL sub-frame. The RTG shall be inserted at the end of each frame.

The contents of the FCH, DL-MAP and UL-MAP in the RS frame may be different from those in the MR-BS frame.
Each RS frame begins with a preamble followed by an FCH and the DL-MAP and possibly a UL-MAP. In the DL access zone, the subchannel allocation, the FCH transmission, and the FCH shall be as defined in Section 8.4.4.2.

The R-FCH and the R-DL-MAP shall be transmitted in the first DL Relay zone that is in transmission mode.

The frame structure of an RS shall be configured by its MR-BS through the RCD message.

For synchronization purpose, the relay amble, when present, shall be located either at the end of the last DL relay zone in which MR-BS/RS is in transmit mode or at the end of the DL subframe. For monitoring purpose, the relay link amble, when present, shall be located at the end of the DL subframe.

Insert new subclause 8.4.4.7.2.3:

8.4.4.7.2.3 Dual radio relay frame structure

A dual radio relay station supports simultaneous communication with subordinate station(s) and the superordinate station by using different radio hardware to communicate with the subordinate stations from that used to communicate with the superordinate station.
An example of a dual radio RS frame structure is shown in Figure 270c.  This frame structure can support more than two hop relaying by including a transmit DL and a receive UL relay zone on the second carrier, as shown in Figure 270c.  If the RS is not supporting subordinate RSs then the DL and UL relay zones shown in Figure 270c will not be present.
The arrangement of signaling is the same as that described in 8.4.4.7.2.2 except that it is possible that the RS frame be configured such that the RS is both transmitting and receiving at the same time but on separate carriers.
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Figure 270c. Example of minimum configuration for a dual radio non-transparent relay

frame structure
Renumber following subclauses and Figures appropriately:
· 8.4.4.7.2.3 to 8.4.4.7.2.4

· Figure 270c to Figure 270d

· Figure 270d to Figure 270e
Change 11.8.3.7.22 as indicated:

11.8.3.7.22 MR PHY feature support

This TLV indicates the MR PHY features supported by the RS and the MR-BS.

	Type
	Length
	Value
	Scope

	206
	1
	Bit #0: Access zone preamble transmission support

Bit #1: MBS Data Synchronization with pre-defined relative transmission time (6.3.23.3)

Bbit #2: MBS data synchronization with target transmission time (6.3.23.3)

Bbit #3: cooperative relay support

Bit #4: support of a second carrier frequency at RS (see 8.4.4.7.2.2)

Bit #5: support dual radio RS operation (see 8.4.4.7.2.3)

Bits #46-7: Reserved
	SBC-REQ

SBC-RSP


Bit #4 can only be set to 1 if bit #0 is set to 1.  Bit #5 can only be set to 1 if both bits#0 and #4 are set to 1.  

Insert new subclause 11.8.3.7.25:

11.8.3.7.25 Supported second RS carrier configurations
Three TLVs are defined in this subclause to enable the RS to indicate the different second carrier configurations supported.  Two of these TLVs enable the supported band configurations to be indicated and the third the minimum separation required between the carrier frequencies used by the RS.

If “support of a second carrier frequency at RS” is indicated in the MR PHY feature support TLV then either one or both of the first two TLVs defined in this subclause shall be present in the SBC-REQ message as well as the third minimum carrier frequency separation TLV.
The following field enables an RS to indicate the predefined second carrier configurations supported by the RS. 
	Type
	Length
	Value
	Scope

	209
	3
	Bit #0: support band 1

Bit #1: support band 2

Bit #2: support band 3

Bit #3: support band 4

Bit #4: support band 5

Bit #5: support band 6

Bit #6: support band 7

Bit #7: support band 8

Bit #8: support band 9

Bit #9: support band 10

Bit #10: support band 11

Bit #11: support band 12

Bit #12: support band 13

Bit #13: support band 14

Bit #14: support band 15

Bit #15: support band 16

Bit #16: support band 17

Bit #17: support band 18

Bit #18: support band 19

Bit #19: support band 20

Bits #20-23: reserved
	SBC-REQ


The following table defines each of the bands referred to in the table above.
	Band Number
	Start frequency (kHz)
	Bandwidth (kHz)
	Centre frequency step (kHz)
	Number of steps in band
	FFT size

	1
	2304500
	8750
	250
	364
	1024

	2
	2302500
	5000
	250
	380
	512

	3
	2305000
	10000
	250
	360
	1024

	4
	2306750 & 2346750
	3500
	250
	46
	512

	5
	2307500 & 2347500
	5000
	250
	40
	512

	6
	2310000 & 2350000
	10000
	250
	20
	1024

	7
	2498500
	5000
	250
	756
	512

	8
	2501000
	10000
	250
	736
	1024

	9
	3302500
	5000
	250
	380
	512

	10
	3303500
	7000
	250
	372
	1024

	11
	3305000
	10000
	250
	360
	1024

	12
	3402500
	5000
	250
	780
	512

	13
	3403500
	7000
	250
	772
	1024

	14
	3405000
	10000
	250
	760
	1024

	15
	3602500
	5000
	250
	780
	512

	16
	3603500
	7000
	250
	772
	1024

	17
	3605000
	10000
	250
	760
	1024

	18
	3402500
	5000
	250
	1580
	512

	19
	3403500
	7000
	250
	1572
	1024

	20
	3405000
	10000
	250
	1560
	1024


In addition to the TLV defined above, the follow field enables support of other undefined bands to be indicated by the RS.

	Type
	Length
	Value
	Scope

	210
	Variable
	Number of bands (8 bits)
for (i=0;i<Number of bands; i++) {


Fstart (24 bits)


Channel bandwidth (15 bits)


Centre frequency step (11 bits)


Number of steps in the band (14 bits)


FFT size (2 bits)


reserved (6 bits)

}
	SBC-REQ


Fstart

First centre frequency in the band in units of kHz.

Channel bandwidth


Bandwidth of each channel in the band in units of kHz.
Center frequency step


Center frequency step size in units of kHz.

Number of steps in the band


Number of center frequency steps in the band. 

FFT size

FFT size supported in the band.  0b00 = 128 point FFT; 0b01 = 512 point FFT; 0b10 = 1024 point FFT; 0b11 = 2048 point FFT.
The following field enables the RS to indicate the minimum carrier frequency separation between the carrier frequency being used by the superordinate station and the carrier frequency that will be used by the RS to communicate with subordinate stations(s).  The superordinate station shall not assign a second carrier frequency that results in a smaller spacing than that indicated.
	Type
	Length
	Value
	Scope

	211
	3
	Minimum carrier frequency separation (units of kHz)
	SBC-REQ


Change subclause 6.3.2.3.69 as indicated:

6.3.2.3.69 RS configuration command (RS_Config-CMD) message

This message shall be sent by MR-BS to an RS on the RS’s primary management CID. The message is used for network entry during the configuration procedure or CID reallocation. Upon receiving the message, the RS shall configure the parameters accordingly and respond with the MR_Generic-ACK message.

Transaction ID

The counter used to generate the transcation ID shall be unique per CID per MR-BS.

Frame Number Action

This field is 8-bit LSBs of the frame number at the access station when the configuration shall be applied.

The RS_Config-CMD message may include the following TLVs for RS configuration:

Preamble index (see 11.265.1)

R-amble index (see 11.265.1)

BSID (see 11.265.1)

RS EIRP (see 11.265.1)

RS Frame Offset (see 11.265.1)

RS waiting time for paging (see 11.265.1)
RS second carrier configuration (see 11.25.1)
Change the table in 11.25.1 as indicated:

	Name
	Type
	Length
	Value
	Scope

	RS operational mode
	1
	2
	Bit #0:RS centralized scheduling

Bit #1:RS distributed scheduling

Bit #2:RS centralized security

Bit #3:RS distributed security

Bit #4:0 = shared BSID with other access stations, 1 = unique BSID

Bit #5:Embedded path management

Bit #6:Explicit path management

Bit #7:Burst-based forwarding

Bit #8:Tunneling packet mode

Bit #9:Tunneling burst mode

Bit #10:Local CID allocation mode

Bit #11: Superordinate RS of an RS group

Bit #12: Use a different carrier frequency for subordinate station communication at the RS
Bit #13: Operate in dual radio mode

Bit #124~15: reserved
	RS_Config-CMD

	RS second carrier configuration
	8
	6
	Bits #0-23: Centre frequency (kHz)

Bits #24-38: Bandwidth (kHz)

Bits #39-40: FFT size (0b00: 128FFT; 0b01: 512FFT; 0b10: 1024FFT; 0b11: 2048 FFT)

Bits #41-48: reserved
	RS_Config-CMD


Change 6.3.9.18.1 as indicated:

6.3.9.18.1 Parameter configuration

During this phase, the MR-BS shall determine the RS's operation parameters and send an RS_Config-CMD message to configure these parameters at the RS (see 6.3.2.3.69) and start a T63 timer. The message shall contain the RS mode. It may also contain parameters for proper RS operation, such as the preamble index, R-amble index, the allocated management CID if the RS is operating in local CID allocation mode, RS frame offset, RS second carrier configuration (if supported), etc. The RS shall respond by sending an MR_Generic-ACK message to the MR-BS and stop the T62 timer. After receiving the MR_Generic-ACK message from the RS, the MR-BS and the RS shall complete the RS network entry process, enter the operational state, and stop the T63 timer. The RS shall apply the configuration specified in the RS_Config-CMD message at the time indicated by the Frame Number Action. If the T63 timer expires before the MR-BS receives an MR_Generic-ACK message from the RS, the MR-BS shall retransmit the RS_Config-CMD message to the RS.
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