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Direct Relaying Zone in Frame Structure for Transparent Mode
1. Introduction
Transparent mode is not enough to provide fast traffic relaying. In order to reduce the latency to relay the traffic via transparent RS, we define the Direct Relaying Zone in the transparent frame structure. In the Direct Relaying Zone, intermediate RS relays traffic to its subordinates without latency within a single frame. For this purpose, intermediate RS demodulates traffic in an access region and forwards it through optional transparent zone by applying appropriate modulation.
2. Relaying Scheme
Figure 1 show Direct Relaying Zone partitioned into two parts. The Direct Relaying Zone in an access zone is used for intermediate RS to receive traffic from MR-BS. The other part in optional transparent zone is used to forward traffic to its subordinates. In this case, intermediate RS manipulates the traffic by adopting demodulation and Forward (M&F) scheme.
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Figure 1 Direct Relaying Zone
M&F is a traffic transmission scheme to relay data without decoding and re-encoding. RS receives data by demodulating them, and then forwards the received data by modulating them. The intermediate RS requires only one OFDM symbol for the M&F scheme, and therefore, it can relay data successfully within a single frame. 

This proposal provides a new scheme by using the Direct Relaying Zone, where an intermediate RS relays data within the same frame by adopting M&F. For our Direct Relaying Zone, MR-BS should notify information about Direct Relaying Zone to RS.
3. M&F Scheme for Direct Relaying Zone
Figure-2 shows M&F scheme for Direct Relaying Zone. In order to provide M&F, RS should demodulate data in the access zone, and then modulate them sequentially. For proper modulation, (1) RS may change modulation order of the demodulated data in the pilot and data modulation block. After that, (2) it generates PRBS by considering OFDM symbol offset value of the data. Finally, (3) it performs IFFT. The proposed M&F scheme needs at least one OFDM symbol so that RS can relay data directly within a single frame.
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Figure 2 M&F procedure

3.1. Sub-carrier Randomization

When M&F is used, it is possible that the sub-carrier randomization block generates PRBS outputs according to symbol offset of the data, which RS will relay as shown by Figure-3.
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Figure 3 PRBS outputs of M&F
3.2. Modulation Order Change
In order to change the modulation order for access link into that for relay link, it is well-known fact that QPSK, 16QAM and 64QAM require 2, 4 and 6 bits for a point in its constellation mapping, respectively. For this reason, if an RS tries to change the modulation order of data, which was modulated with QPSK, into 16QAM, the number of required slots shrinks to a half. Figure-4 shows this case.
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Figure 4 example of changing the QPSK to 16QAM

FEC block size is determined by the modulation order and the number of allocated slots for a burst, and hence, it could change due to the modulation order change for direct relaying. In this case, there exists mismatching pair as to FEC block sizes employed in both access link and relay link. In order to avoid the mismatched pair during modulation order change, MR-BS has to prepare a MAP, which indicates the modulation order change for Direct Relaying Zone, by considering the case. Table- shows every modulation order change, which can be employed for Direct Relaying Zone. In this table-1, X indicates not-allowed modulation order change. 

Slot boundary conditions
: nA·mA = nR·mR

where,
nA : the number of slots allocated in the access zone,
nR  : the number of slots allocated in the relay zone,
mA : modulation order in the access zone,
mR : modulation order in the relay zone.
Table1 Encoding slot concatenation for different rates in CTC

	MR-BS
	RS
	MS

	Modulation and rate
	j
	feasible MCS for M&F
	Modulation and rate
	j

	QPSK 1/2
	10
	O
	16QAM 1/2
	5

	QPSK 1/2
	10
	O
	64QAM 1/2
	3

	QPSK 3/4
	6
	O
	16QAM 3/4
	3

	QPSK 3/4
	6
	O
	64QAM 3/4
	2

	16QAM 1/2
	5
	O
	QPSK 1/2
	10

	16QAM 1/2
	5
	O
	64QAM 1/2
	3

	16QAM 3/4
	3
	O
	QPSK 3/4
	6

	16QAM 3/4
	3
	O
	64QAM 3/4
	2

	64QAM 1/2
	3
	X
	QPSK 1/2
	10

	64QAM 1/2
	3
	X
	16QAM 1/2
	5

	64QAM 3/4
	2
	O
	QPSK 3/4
	6

	64QAM 3/4
	2
	O
	64QAM 3/4
	2


3.3. Parameter of Direct Relaying Zone IE
MR-BS indicates the information about Direct Relaying Zone to its subordinate RSs by SBC-REQ/RSP message of transmitting Direct Relaying Zone IE TLV in order to reduce MAP overhead since the assigned Direct Relaying Zone is configured rarely. We summarize the parameters for a configuration of Direct Relaying Zone as follows:

a) Symbol offset for Direct Relaying Zone for DL

The OFDMA symbol offset in which Direct Relaying Zone starts for downlinks

b) Symbol offset for Direct Relaying Zone for UL

The OFDMA symbol offset in which Direct Relaying Zone starts for uplinks

c) No. OFDMA symbols for DL

The number of OFDMA symbols by which RS should relay signal without decoding and re-encoding for downlinks.

d) No. OFDMA symbols for UL

The number of OFDMA symbols by which RS should relay signal without decoding and re-encoding for uplinks.
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Figure 5 Parameters of Direct Relaying Zone
Upon reception of these parameters, RS shall relay data in access link to its subordinates through relay link. Direct Relaying Zone is feasible without addition of new MAP IE. However, in order to support Direct Relaying Zone, MR-BS has to construct MAP IE with the considerations as follows:

· RS utilizes CID-based data relaying.
· RS forwards data by employing burst-based relaying.
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Figure 6 Example of relaying burst #1 to burst #2
4. Specific text changes
8.4.4.7.1 Frame Structure for Transparent Mode
[Insert new subclause 8.4.4.7.1.3:]
8.4.4.7.1.3 Direct Relaying Zone(Optional)
In the frame structure for transparent mode, Direct Relaying Zone may be optionally indicated by MR-BS. In the direct relying zone, RS can relay the data of access zone through the relay zone within one frame by using demodulation-and-forward (M&F) scheme for downlink and uplink. When using Direct Relaying Zone, RS shall be negotiated by including TLV(11.8.3.7.29) of the Direct Relaying Zone for RS in the SBC-REQ/RSP messages.
[Insert new subclause11.9.3.7.29:]
11.8.3.7.29 Direct Relaying Zone for RS
In order to reduce the latency to relay the traffic via transparent RS, intermediate RS relays traffic to its subordinates without latency within a single frame. For this purpose, intermediate RS demodulates traffic in an access region and forwards it through relay zone by applying appropriate modulation.
Figure-xxx shows Direct Relaying Zone partitioned into two parts. The Direct Relaying Zone in an access zone is used for intermediate RS to receive traffic from MR-BS. The other part in optional transparent zone is used to forward traffic to its subordinates. In this case, intermediate RS manipulates the traffic by adopting demodulation and Forward (M&F) scheme.
M&F is a traffic transmission scheme to relay data without decoding and re-encoding. RS receives data by demodulating them, and then forwards the received data by modulating them. The intermediate RS requires only one OFDM symbol for the M&F scheme, and therefore, it can relay data successfully within a single frame.
In order to change the modulation order for access link into that for relay link, it is well-known fact that QPSK, 16QAM and 64QAM require 2, 4 and 6 bits for a point in its constellation mapping, respectively. For example, if an RS tries to change the modulation order of data, which was modulated with QPSK, into 16QAM, the number of required slots shrinks to a half.

FEC block size is determined by the modulation order and the number of allocated slots for a burst, and hence, it could change due to the modulation order change for direct relaying. In this case, there exists mismatching pair as to FEC block sizes employed in both access link and relay link. In order to avoid the mismatched pair during modulation order change, MR-BS has to prepare a MAP, which indicates the modulation order change for Direct Relaying Zone, by considering the case. An MR-BS shall provide Direct Relaying Zone according to following equation:


nA·mA = nR·mR

where,
nA : the number of slots allocated in the access zone,
nR  : the number of slots allocated in the relay zone,

mA : modulation order in the access zone(2 for QPSK, 4 for 16-QAM and 6 for 64-QAM),

mR : modulation order in the relay zone(2 for QPSK, 4 for 16-QAM and 6 for 64-QAM).

Note the parameters and configuration of Direct Relaying Zone as follows:

a) Symbol offset for Direct Relaying Zone for DL

The OFDMA symbol offset in which Direct Relaying Zone starts for downlinks

b) Symbol offset for Direct Relaying Zone for UL

The OFDMA symbol offset in which Direct Relaying Zone starts for uplinks

c) No. OFDMA symbols for DL

The number of OFDMA symbols by which RS should relay signal without decoding and re-encoding for downlinks.

d) No. OFDMA symbols for UL
The number of OFDMA symbols by which RS should relay signal without decoding and re-encoding for uplinks.
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Figure-xxx Parameters of Direct Relaying Zone
This TLV shall be used to indicate Direct Relaying Zone in transparent RS which transmit signals to be relayed through relay zone within one frame.
	Type

(1byte)
	Length
	Value
	scope

	TBD
	4
	Bit#0~5, Symbol offset for Direct Relaying Zone for DL:

The OFDMA symbol offset in which Direct Relaying Zone starts for downlinks.

Bit#6~11, No. OFDMA symbols for DL:

The number of OFDMA symbols by which RS should relay signal without decoding and re-encoding for downlinks.
Bit#12~17, Symbol offset for Direct Relaying Zone for UL:

The OFDMA symbol offset in which Direct Relaying Zone starts for uplinks.

Bit#18~23, No. OFDMA symbols for UL:

The number of OFDMA symbols by which RS should relay signal without decoding and re-encoding for uplinks.
	SBC-REQ

SBC-RSP
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