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The Draft IEEE 802.16m System Description Document 

Details on UL Channel Sounding Design

Fred Vook, Bishwarup Mondal, Fan Wang, Eugene Visotsky, Bill Hillery, Mark Cudak

Introduction

This document provides additional details on the design of the UL Sounding Feedback Channel.  
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11.9 UL Control Structure 

Details of the UL control structure are described in the following sections.
11.9.1 UL Control Information Classification 

The UL control channels carry multiple types of control information to support air interface layer procedures. Information carried in the control channels is classified as follows.

<Editors’ Notes: Text included in this section depends on SDD text being developed by other Rapporteur Groups (MIMO, HARQ).>
11.9.1.1 Channel quality feedback 

Channel quality feedback provides information about channel conditions as seen by the MS. This information is used by the BS for link adaptation, resource allocation, power control etc. Channel quality measurement includes narrowband and wideband measurements. CQI feedback overhead reduction is supported through differential feedback or other compression techniques. Examples of CQI include Physical CINR, Effective CINR, band selection, etc. Channel sounding can also be used to measure uplink channel quality.

11.9.1.2 MIMO feedback 

MIMO feedback provides spatial characteristics of the channel that are required for MIMO operation. The precoder matrix index, precoding vector index, rank adaptation, channel covariance matrix elements, power loading factor, eigenvectors and channel sounding are examples of MIMO feedback information. 

11.9.1.3 HARQ feedback 

HARQ feedback (ACK/NACK) is used to acknowledge DL transmissions. Multiple codewords can be acknowledged in a single ACK/NACK transmission.

11.9.1.4 Synchronization 

Uplink synchronization signals are needed to acquire uplink synchronization during initial access or handover and also to periodically maintain synchronization. This includes reference signals for measuring and adjusting the uplink timing offset. 
11.9.1.5 Bandwidth request 

Bandwidth requests are used to provide information about the needed uplink bandwidth to the BS. Bandwidth requests are transmitted through indicators or messages. Bandwidth request messages can include information about the status of queued traffic at the MS such as buffer size and quality of service, including QoS identifiers.
11.9.1.6 E-MBS feedback 

<Editors’ Notes : This section is a placeholder for text to be developed based on SDD text that will be added to Section 15 of the SDD (Support for Enhanced Multicast Broadcast Service). >
E-MBS feedback provides information for DL MBS transmission to one or multiple cells. Details are TBD.
11.9.2 UL Control Channels

<Editors’ Notes: Text included in this section depends on SDD text being developed by other Rapporteur Groups (MIMO, HARQ).>
11.9.2.1 UL Fast Feedback Channel 

The UL fast feedback channel carries channel quality feedback and MIMO feedback. Transmission of other feedback information on the UL fast feedback channel is FFS.

The UL fast feedback channel is classified into multiple logical channels per user. The mapping of these logical channels into one or multiple physical channels is FFS.
11.9.2.1.1 Multiplexing with other control channels and data channels

The UL fast feedback channel is FDM with other UL control and data channels.

The UL fast feedback channel starts at a pre-determined location, with the size defined in a DL broadcast control message. Fast feedback allocations to an MS can be periodic and the allocations are configurable. For periodic allocations, the specific type of feedback information carried on each fast feedback opportunity can be different.

The UL fast feedback channel carries one or more types of fast feedback information. The use of TDM/FDM or CDM to multiplex fast feedback channels from one or more users is FFS.

11.9.2.1.2 PHY structure 

Transmission on the fast feedback channel can be event-driven. The transmission format of the fast feedback channel can be adaptive. 

The structure of the resource blocks, pilots and resource mapping for the UL fast feedback channel are TBD.

11.9.2.2 UL HARQ Feedback Channel 

This channel is used to carry HARQ feedback information.

11.9.2.2.1 Multiplexing with other control channels and data channels 

The UL HARQ feedback channel starts at a pre-determined offset with respect to the corresponding DL transmission.
The UL HARQ feedback channel is FDM with other control and data channels. 

Orthogonal signaling is used to multiplex multiple HARQ feedback channels.
11.9.2.2.2 PHY structure 

The structure of UL HARQ feedback channel resource blocks, pilots and resource mapping are TBD.

11.9.2.3 UL Sounding Feedback Channel

The UL sounding channel is used by an MS to send a sounding signal for MIMO feedback, channel quality feedback and acquiring UL channel information at the BS.

11.9.2.3.1 


11.9.2.3.2 

11.9.2.3.3 UL Sounding Feedback Channel Definition 

The sounding feedback channel is a collection of time-frequency subcarriers that are set aside within an UL subframe for an MS to transmit a sounding response on the uplink.  The superframe header indicates the presence or absence of a sounding channel in each UL subframe.  At most one Sounding Channel can be contained in an UL subframe.  The sounding channel can be configured for the MSs to transmit UL channel sounding waveforms or it can be configured for the MSs to transmit analog feedback in support of MU-MIMO.  

11.9.2.3.4 Sounding Signaling Methodology 

Sounding Request/Response:  Two information elements are defined for enabling UL Channel Sounding, the Sounding Request and the Sounding Response.  The Sounding Request commands a MS to transmit a Sounding Response on one or more Sounding Allocations within the Sounding Channel, where a sounding allocation is a defined subset of the frequency subcarriers in a sounding channel.  
The Sounding Response supports both UL Channel Sounding and Analog Feedback.  When UL Channel Sounding is requested, the Sounding Response consists of a sounding waveform that occupies the specified sounding allocations within the sounding channel, as is described below.  When Analog Feedback is requested, the Sounding Response consists of the combination of analog feedback coefficients and sounding pilots (which may be used for channel estimation for detecting the analog feedback coefficients).  
Sounding Request Location:  The Sounding Request can be contained in an independent control message in the user-specific-control-header.  The Sounding Request can also be piggybacked in a downlink data allocation assignment.  
Support for Persistent Sounding: The sounding request can set up a persistent sounding response in which the MS will periodically transmit its sounding response at some defined periodicity interval.  The sounding request can also terminate the persistent sounding response.  The methodology used to setup and tear down persistent sounding should be patterned after the methodology used for persistent data allocations.  

11.9.2.3.5 Sounding Feedback Channel Configuration 

The sounding Feedback channel may be configured for UL Channel Sounding or Analog Feedback.  In subframes containing a sounding feedback channel, a set of time-frequency carriers within the PRUs are set aside to be part of the sounding channel.  These sounding channel elements are arranged according to the type of feedback being sent on the sounding channel.  
Uplink Channel Sounding Configuration

When configured for UL Channel Sounding, the format of the sounding channel elements in the UL Subframe is shown in Figure XX1.  The left picture of Figure XX1 is the UL Subframe format when the UL Subframe contains an initial Ranging Channel.  The right picture of Figure XX1 is the UL Subframe format when the UL Subframe does not contain an initial Ranging Channel.  The initial Ranging Channel is assumed to occupy a number of subcarriers that is an integer multiple of 18.  In Figure XX1, the red squares represent time-frequency subcarriers that are set aside to be part of the sounding feedback channel.  The blue squares containing an X represent possible pilot locations of the UL PRU where the actual pilot format depends on the type of PRU (whether the PRU is an LRU or a DRU) and whether the pilot format is one stream, two stream or four streams.  The yellow squares represent the time-frequency data subcarriers of the PRU.  Note that one MS may be assigned to transmit UL data on the PRU (yellow and blue squares), while one or more other MSs may be assigned to transmit sounding on the sounding elements (red squares) within the PRU.  
Multiplexing the sounding channel with other control channels (Ack/Nack/CQICH/periodic ranging) is FFS.
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Figure XX1 – Format of Sounding Feedback Channel when configured for UL Channel Sounding.  Left: UL Subframe contains an Initial Ranging Channel.   Right:  UL Subframe does not contain an Initial Ranging Channel.  Red time-frequency symbols represent Sounding Channel Elements.  Blue Squares with X denote possible pilot locations for PRUs that are DRU or LRU.  The ranging channel is assumed to occupy an integer multiple of 18 OFDMA subcarriers.

11.9.2.3.5.1 Analog Feedback Configuration

When the Sounding Feedback Channel is configured for Analog Feedback, the configuration of the PRUs in the UL Subframe is shown in Figure XX2.  The sounding elements within the PRU are denoted by the red and green squares, where the red squares represent the analog coefficients and the green squares represent sounding pilots used to detect the analog coefficients.  In general, one MS transmits the analog feedback (red and green squares) while another MS is assigned to transmit in the rest of the UL PRU.  The PRU format shown in Figure XX2 supports the transmission of eight analog coefficients.  The following methods are supported by this PRU format: 

· Direct transmission of spatial covariance matrix entries for 2 or 4 transmit antennas at the BS (requires no more than 2 or 8 complex coefficients respectively), which can enable closed-loop SU- and MU-MIMO for 2 or 4 BS transmit antennas.  

· Direct transmission of the dominant eigenvector for 8 transmit antennas at the BS (requires no more than 7 complex coefficients), which enables closed-loop MU-MIMO or rank 1 closed-loop SU-MIMO.  

Other forms of analog feedback are FFS.  Other configurations that support more coefficients per PRU are also FFS. 
The number of PRUs that are assigned to carry sounding elements is configurable by the Superframe header.  
If the UL Subframe also contains an initial ranging channel, then the ranging channel will occupy all symbols of the UL subframe and the sounding feedback channel for the analog feedback configuration exists in the PRUs on either side of the ranging channel in frequency.  


[image: image3.emf]X

X

X

X

X X

X

X

X

X

X

X

X

XX

XX

X X

X X

X

XX

X

X X

XX

XX X

X X

X


Figure XX2 – Format of PRUs when the Sounding Feedback Channel is configured for Analog Feedback.  The red squares represent the analog coefficients and the green squares represent sounding pilots used to detect the analog coefficients.  The blue squares are possible pilot locations for the PRU (where the exact PRU pilot format depends on whether the PRU is an LRU or a DRU and on the number of streams being supported by the PRU).  In general, one MS transmits the analog feedback (red and green squares) while another MS is assigned to transmit data in the rest of the UL PRU.

11.9.2.3.6 Sounding Feedback Allocation 

In an UL subframe that contains a sounding channel, an MS will be assigned one or more PRUs, and the MS will transmit the sounding response on the sounding channel elements within those assigned PRUs.  The Sounding Feedback Allocation refers to the set of PRUs that are assigned to an MS for transmitting the Sounding Response.  With UL channel sounding, multiple MSs or multiple antennas from the same MS may be assigned to the same sounding allocation (set of sounding PRUs), and frequency decimation multiplexing is used to multiplex the multiple users on the same sounding PRUs.  With analog feedback, one MS is assigned to a PRU for sending the analog feedback.  

There are three methodologies for specifying the PRUs belonging to the Sounding Feedback Allocation:  

11.9.2.3.6.1 Downlink Localized Allocation Matched

In the “Downlink Allocation Matched” methodology, the PRUs to be included in a sounding allocation are defined in the same way that the PRUs in a downlink allocation are defined.  The Downlink-Allocation-Matched methodology may be used to enable the MS to transmit the UL sounding waveform on the same frequency region that the MS will receive data on. 

11.9.2.3.6.2 Uplink Localized Allocation Matched

In the “Uplink Localized Allocation Matched” methodology, the PRUs in a sounding allocation are defined in the same way that the PRUs of an uplink allocation are defined.  The Uplink-Allocation-Matched methodology may be used to enable the MS to transmit the UL sounding waveform on the same PRUs that the MS will transmit data on, e.g., in support of codebook-feedback based closed-loop MIMO transmissions on the UL.  

11.9.2.3.6.3 Wideband Allocation 

In the wideband allocation mode, a decimation rate is specified in the sounding request, where a decimation rate of N means every Nth subcarrier is occupied by the sounding response

11.9.2.3.7 Sounding Response Specification 

11.9.2.3.8 Uplink Channel Sounding
For sounding allocations matched to localized or PRU-distributed downlink allocations, a Decimation Rate D of 1, 2, 3 or 6 may be specified to allow multiple MSs or transmit antennas to transmit sounding responses on the same allocations.  Each MS or transmit antenna would be assigned a unique Decimation offset (0…D-1) on which to transmit the sounding response.  

For sounding allocations matched to localized or PRU-distributed uplink allocations, a Decimation Rate D of 1, 2, 3 or 6 may be defined to allow multiple MSs or transmit antennas from the same MS to transmit sounding responses on the same sounding allocations.  Each MS or transmit antenna would be assigned a unique Decimation offset (0…D-1) on which to transmit the sounding response.  

The sounding sequence values are FFS.  The sounding sequence used in a sector of a cell shall be different from the sounding sequence used in a sector of an adjacent cell.  

11.9.2.3.8.1 Analog Feedback
When analog covariance feedback (2 or 4 BS TX antennas) is requested in a Sounding Request, the MS will compute the downlink spatial covariance matrix based on downlink measurement pilots.  The MS will encode the covariance matrix entries and map them on to the sounding channel elements (Figure XX2) in its assigned PRU (exact mapping is FFS).  The BS can request a wideband spatial covariance matrix or a narrowband spatial covariance matrix.

When eigenvector feedback is requested (4 or 8 BS TX antennas), the MS will compute the downlink spatial covariance matrix based on downlink measurement pilots.  The MS will compute the dominant eigenvector and encode the coefficients of that eigenvector on to the sounding channel elements (Figure XX2) in the assigned PRU (exact mapping is FFS).  The BS can request that a wideband spatial covariance matrix or a narrowband spatial covariance matrix be used by the MS to compute the dominant eigenvector.

11.9.2.4 UL Ranging Channel 

The UL ranging channel is used for UL synchronization. The UL ranging channel can be further classified into ranging channel for non-synchronized mobile stations and synchronized mobiles stations. A random access procedure, which can be contention based or non-contention based is used for ranging. Contention-based random access is used for initial ranging, periodic ranging and handover. Non-contention based random access is used for periodic ranging and handover. 

11.9.2.4.1 Ranging Channel for non-synchronized mobile stations

The ranging channel for non-synchronized MSs is used for initial access and handover.

11.9.2.4.1.1 Multiplexing with other control channels and data channels

The UL ranging channel for non-synchronized MSs starts at a configurable location with the configuration defined in a DL broadcast control message.

The UL ranging channel for non-synchronized MSs is FDM with other UL control channels and data channels.

11.9.2.4.1.2 PHY structure

The ranging sequence design and mapping to subcarriers are TBD.

11.9.2.4.2 Ranging Channel for synchronized mobile stations

The ranging channel for synchronized MSs is used for periodic ranging. The use of the ranging channel for synchronized MSs for handover is FFS.

11.9.2.4.2.1 Multiplexing with other control channels and data channels

The UL ranging channel for synchronized MSs starts at a configurable location with the configuration defined in a DL broadcast control message.

The UL ranging channel for synchronized MSs is FDM with other UL control channels and data channels.
11.9.2.4.2.2 PHY structure

The ranging sequence design and mapping to subcarriers are TBD.

11.9.2.5 Bandwidth Request Channel

Contention based or non-contention based random access is used to transmit a bandwidth request indicator on this control channel. To support different levels of QoS, the bandwidth request channel provides a mechanism for prioritized bandwidth requests. Inclusion of addition information in a bandwidth request indicator such as bandwidth request size, MS-ID, flow identifier, uplink transmit power report and CINR report is FFS.

The random access bandwidth request procedure is described in Figure 1. A 5-step regular procedure (step 1 to 5) or an optional quick access procedure (step 1,4 and 5) may be supported concurrently. Step 2 and 3 are used only in 5-step regular procedure. In step 1, MS sends a bandwidth request indicator that may indicate information such as MS addressing and/or request size (FFS) and/or uplink transmit power report (FFS), and the BS may allocate uplink grant based on certain policy. The 5-step regular procedure is used independently or as fallback mode for quick access procedure. The MS may piggyback additional BW-REQ information along with user data during uplink transmission (step 5).
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Figure 1 Bandwidth Request Procedure
11.9.2.5.1 Multiplexing with other control channels and data channels

The bandwidth request channel starts at a configurable location with the configuration defined in a DL broadcast control message. The bandwidth request channel is FDM with other UL control and data channels.

11.9.2.5.2 PHY structure 

The structure of bandwidth request channel resource blocks, pilots and resource mapping are TBD. The ranging sequence design and mapping to subcarriers are TBD. The ranging sequence can be configured per user class, per service class and per sector. Users can be classified based on operator-specific network performance requirements and service level agreements.
11.9.3 UL Inband Control Signaling




Uplink control information can be multiplexed with data on the UL data channels as MAC headers or MAC management messages. Inband control signaling can contain information such as uplink bandwidth requests or bandwidth assignment updates.

11.9.4 Mapping of UL control information to UL control channels

<Editors’ Notes: This table needs to be updated as the mapping of UL control information to UL control channels is developed.>
	Information 
	Channel

	Channel quality feedback 
	UL Fast Feedback Channel

	MIMO feedback 
	UL Fast Feedback Channel

	HARQ feedback 
	UL HARQ Feedback Channel

	Sounding 
	UL Sounding Channel

	Synchronization 
	UL Ranging Channel 

	Bandwidth request 
	Bandwidth Request Channel 

	
	UL Inband Control Signaling

	E-MBS feedback
	FFS
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