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1. Introduction
At RAN#53, a new work item, “Four Branch MIMO transmission for HSDPA”, was agreed [1] [2]. This contribution aims to discuss the potential alternatives of the layer mapping schemes for four branch DL MIMO.
2. Discussion
We have identified the following issues at last meeting in Zhuhai:
Required from the WI:

· Support up to 4 layers

Design options for future evaluation:

· Support up to 2 or up to 4 codewords mapped to up to 4 layers 

· A codeword can correspond to up to 2 CQI reports and up to 2 HARQ processes

· In case of a limitation to 2 codewords

· Keep the size of current TBs and support up to 2 TBs in one codeword

· Increase the size of TBs (one TB per codeword)
Correspondingly, we analyze the above issues from the following aspects:
· Definition of transport block (TB), codeword (CW) and layer
· Potential layer mapping schemes
· Comparison of the influence of given schemes
2.1 Definition
In 2x2 DL MIMO as in current specification, each TB corresponds to one codeword and each codeword is mapped onto one layer, which means that individual control signaling for each layer (MCS in the downlink and ACK/NACK in the uplink) is needed. Layer mapping introduced in 4-branch DL MIMO enables a codeword to be mapped onto multiple layers. In order to make sure that the 4x4 DL MIMO transmission procedure can be illustrated clearly, the definitions of TB, CW and layer are given as follows:  
· Transport block: 
As defined in TS25.212 [3], data stream from/to MAC and higher layers (Transport block / Transport block set) is encoded/decoded to offer transport services over the radio transmission link. Data arrives to the coding/multiplexing unit in form of transport block sets once every transmission time interval. Error detection is provided on transport blocks through a Cyclic Redundancy Check (CRC), and each Transport block has a corresponding ACK/NACK.
· Codeword:
A codeword consists of one TB or 2 concatenated TBs. CQI reporting is done per codeword, unless a reduced CQI feedback scheme is used. 
· Layer:
The data stream which is space division before precoding is defined as a layer. 
2.2 Schemes
The general transmission procedure of MIMO operation has been shown in Figure 1. At NodeB, the transport blocks (TBs) selected by MCS control are processed by TrCH processing and Layer mapping, and the output data are then spread/scrambled. There may be several data layers which will be pre-coded and summed at the antenna ports before transmission.[4]
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Figure 1 General procedure of MIMO operation
2.2.1 2TB-2CW-4Layer
In this alternative, each TB corresponds to one CW, and each CW is mapped onto two layers. Figure 2 shows the block diagram of the coding progress. This scheme needs 2 ACK/NACK and 2 CQI feedbacks. 
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Figure 2 Block diagram of 2TB-2CW-4Layer scheme
2.2.2 4TB-2CW-4Layer
As illustrated in Figure 3, after CRC attachment and TrBk concatenation, two TBs are concatenated into one CW. One CW will be mapped onto 2 layers.   

[image: image3.emf]CRC

Transport 

blocks

CRC 

attachment

Codeword 1 Codeword 2

Codeword

.

.

.

.

.

.

Layer 1

Layer

TB 1

TB 1

CRC

TB 2

TB 2

CRC

TB 3

TB 3

CRC

TB 4

TB 4

Layer 2

Layer 3

Layer 4


Figure 3 Block diagram of 4TB-2CW-4Layer scheme
The codeword can be constructed by concatenating the two original TBs or interleaving them. Depending on the ACK/NACK and CQI signalling, there are two different schemes: 4 ACK/NACK and 2 CQI, and 2 ACK/NACK and 2 CQI.
· 4 ACK/NACK and 2 CQI
This scheme employs 2 CQI and 4 ACK/NACK feedbacks. Assuming the interleaving between TBs is not used, each TB is mapped to a corresponding layer.
· 2 ACK/NACK and 2 CQI 
This scheme employs 2 CQI feedbacks and utilizes bundling and interleaving, which ensures that each CW containing two TBs is mapped onto the two corresponding layers. The number of ACK/NACK feedbacks is then 2 due to bundling and interleaving.
2.2.3 4TB-4CW-4Layer
Figure 4 shows another alternative which allows up to 4 TBs, and each TB corresponds to one CW. Each CW is mapped onto one layer accordingly. There are three possible schemes for ACK/NACK and CQI feedbacks of this alternative.
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Figure 4 Block diagram of 4TB-4CW-4Layer scheme
· 4 ACK/NACK and 4 CQI 
In this scheme which is the extension of 2x2 DL MIMO, TB and ACK/NACK, CW and CQI feedback have one to one correspondence: 4ACK/NACK and 4CQI feedbacks are employed.
· 4 ACK/NACK and 2 CQI 
This scheme applies bundling to feedback CQI and two CWs use the same CQI feedback at NodeB. The ACK/NACK is instead not bundles and one ACK/NACK feedback is used for each TB. 
· 2 ACK/NACK and 2 CQI 
The CQI feedback method is the same as above for 4 ACK/NACK and 2 CQI feedbacks scheme. Bundling and interleaving are introduced to save ACK/NACK resources, and 2 ACK/NACK feedbacks are used instead of 4. In this alternative each TB corresponds to one CW; therefore, UE will feedback one ACK/NACK feedback for two TBs. At the NodeB side, the 2 ACK/NACK and 2 CQI feedbacks are regarded as 4 ACK/NACK and 4 CQI feedbacks, meaning that the same ACK/NACK signal is used for two TBs, and the same CQI feedback is used for two codewords.
2.3 Considerations about layer mapping schemes
The schemes presented in Sec.2.2 have a different impact on current specifications, feedback signalling and performance. Table 1 summarizes the impact on specifications and feedback signalling. 
HS-SCCH
For DL signalling consumption of HS-SCCH, according to the current specifications, schemes using 4 ACK/NACK feedbacks cost double transport-block size information bits than applying 2 ACK/NACK feedbacks, since 24bits instead of 12bits are needed. 
HS-DPCCH 
For UL signalling consumption of HS-DPCCH, additional ACK/NACK resources are needed when using 4 HARQ-ACK information feedback. For CQI feedback, scheme applying 4 CQI feedbacks consumes twice the CQI bits than the schemes utilizing 2CQI feedbacks as in 2x2 DL MIMO for single carrier.
TBS table
If 2 TBs are used, a new corresponding TBS table is needed in order to allow larger transport block sizes. For all cases when 4 TBs are used, either with 2 or 4 CWs, the TBS table of current specifications can be used in 4x4 DL MIMO.
CQI feedback

For the 4TB-4CW-4Layer scheme with 2 CQIs and the 4TB-2CW-4Layer scheme, both schemes use 4 ACK/NACK and 2 CQI feedbacks. For each of the two TBs mapped onto the same CQI, the probability of accurate transmission is independent and having one ACK/NACK for each TB is appropriate. With 4 ACK/NACKs and 2 CQI, a retransmission mechanism needs to be designed because only one of the transport blocks mapped onto the same CQI can be in error. 
Interleaving
In the case of 2 CQI feedbacks, an interleaving operation can be applied to the 2TBs corresponding to one CQI so that the bits from each TB can be mapped to both layers almost evenly. The probabilities of accurate transmission for the two TBs are correlated and using 2 ACK/NACK feedback makes sense. 
From a MIMO receiver perspective, mapping of the data from different TBs to different layers would allow interference cancellation between layers. This can be obtained either by mapping different TBs to different layers or by applying an interleaving in the layer mapping operation. As mentioned above this latter choice allows reducing the feedback signaling. 
Performance
4TB-4CW-4Layer with 4ACK/NACK and 4CQI feedbacks can obtain the best performance among these schemes because the transmission scheme better adapts to the channel conditions. However, it needs to be taken into consideration that with additional feedback and additional quantities to be estimated, it might be expected that the potential additional gain cannot be observed in practice. A thorough performance evaluation needs to be done to quantify gains and find the best trade-off between attainable performance gains and increased complexity in terms of implementation and specifications impact. 

Table 1: Comparison of different layer mapping schemes
	Layer mapping scheme
	Signalling consumption to HS-SCCH
(bits)
	Signalling consumption to HS-DPCCH
(bits)
	Changes to the TBS table of current specification
	Others

	Schemes
	Number of HARQ-ACK
	Number of CQI
	
	
	
	

	2TB-2CW-4Layer
	2
	2
	Low
	Low
	Yes
	-

	4TB-2CW-4Layer
	4
	2
	Low
	Medium
	No
	need a new HARQ mechanism

	
	2
	2
	Low
	Low
	No
	need a new interleaving design

	4TB-4CW-4Layer
	4
	4
	High
	High
	No
	-

	
	4
	2
	Low
	Medium
	No
	need a new HARQ mechanism

	
	2
	2
	Low
	Low

	No
	need a new interleaving design


3. Simulation assumptions
Some simulation assumptions are given in Table 2.
Table 2 Link simulation assumptions

	CPICH1 power
	-10dB 

	CPICH2 power
	-13dB

	CPICH3 power
	-13dB/-16dB
-19dB(*)

	CPICH4 power
	-13dB/-16dB
-19dB(*)

	SCH
	-12dB

	P-CCPCH Power
	-12 dB 

	PICH Power
	-15 dB

	HS-DSCH power
	-1.2 dB (75%) for 2 Tx antennas
-1.9(65%) dB/-1.5dB(70%) for 4 Tx antennas

	Maximum number of HS-DSCH codes
	15

	CQI feedback errors
	0 %

	ACK/NACK feedback errors
	0 %

	Channel state information
	Estimated

	HS-SCCH
	Ideal

	HARQ mode
	Chase combining

	Number of HARQ processes
	6

	Maximum number of HARQ retransmissions
	4

	OCNS
	According to Table C.10 in 25.101 v. 5.6.0

	Inter-cell interference 
	White noise

	PCI bit error rate
	0%

	Geometry Ior_hat/Ioc
	-5 dB … 25 dB

	Channel model
	PA3, VA30

	Receiver
	LMMSE


4. Conclusion
In this contribution, several layer mapping schemes for 4x4 DL MIMO are discussed.
Proposal 1: We suggest investigating the following schemes: 

· 2TB-2CW-4Layer (baseline); 
· 4TB-2CW-4Layer with 2 CQIs and 2 ACK/NACK, with and without interleaving.
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