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1 Introduction

At RAN#53 a new work item on 4 branch MIMO transmission for HSDPA was agreed [1], [2]. The main aim of this work item is to increase the peak data rates for higher rank transmissions. In addition it also aims to increase the coverage for lower rank transmissions. One of the important aspects is to decide upon how many codewords/HARQ processes this 4 branch MIMO system should support. At RAN1#67and 68, it was decided to use two codeword MIMO to reduce the control channel signaling.  
Since for a 2 codeword/HARQ process four layers needed to be mapped to two codewords.  It was decided in RAN1#68bis that use layer mapping as that of LTE Release 8. It was discussed during the meeting that performance of all the layer mapping options are same hence no technical reasoning to simply adopt the LTE layer mapping. Here, we emphasize that the LTE transmitter structure for 3 codeword MIMO is different to that of the 2 codeword structure of HSDPA and we can optimize the layer mapping structure by considering how the layer mapping functionality during HARQ retransmissions. 
In this contribution, we discuss the drawbacks of the LTE layer mapping when applied to Four branch MIMO with 2codewords in HSDPA. We outline the general principle behind the layer mapping for when the number of codewords are less than number of layers supported in a MIMO system. Based on this principle, we propose two mapping tables which are designed by taking HARQ retransmissions into consideration.  

2 Drawbacks with LTE Layer Mapping
Table 1 shows the LTE layer mapping agreed in RAN1#68 bis for four branch MIMO in HSDPA. For this layer mapping for rank 3 transmissions, layer 1 is mapped to codeword 1 and layers 2 and 3 are mapped to codeword 2. For rank4 transmissions, layers 1 and 2 are mapped to codeword 1 and layers 3 and 4 are mapped to codeword 2.  Please note that none of the bundled layers mapped to a codeword are common for rank 3 and rank 4 transmissions. It prohibits the rank changes during retransmissions. We describe this by an example.
Table 1 LTE layer mapping

	Rank
	Layer

	1
	CW 1 ( Layer 1 

	2
	CW 1 ( Layer 1 

CW 2 ( Layer 2

	3
	CW 1 ( Layer 1

CW 2 ( Layer 2 and 3

	4
	CW 1 ( Layer 1 and 2

CW 2 ( Layer 3 and 4


Example: Assume that Node B is transmitting with rank 4 transmissions and say codeword 1 is an ACK and codeword 2 is NAK.  During the retransmissions, say the rank is changed to 3 (either UE recommended or the scheduler is decided to use rank 3). Then the for codeword 2, we can’t transmit on layers 2 and 3 as the UE soft buffers for layers 2 and 3 is different to layers 3 and 4. Hence one solution is to keep the rank of the transmission is same if one of the codeword is NAK.  Maintaining same rank for all transmission/retransmissions is not a viable option. In the next section we outline the general principle behind layer mapping by taking into consideration of HARQ retransmissions.
3 General principle for Layer Mapping with 2 codewords
Table 2 shows the general principle behind the layer mapping.  When we have only rank 1 transmission, the codeword is mapped to one layer. For rank 2 transmissions, each codeword is mapped to different layers as in multi codeword MIMO (Release 7 MIMO). In these cases we have unique mapping. For rank 3 transmissions, we have two mapping options as the third layer can be either mapped to the first codeword or the second codeword. For rank 4 transmissions, the fourth layer can be mapped to the other codeword (which is not paired in rank3 transmissions).  Note that the systematic design of layer mapping allows ran changes during HARQ retransmissions. 
Rank 1: 

	Option
	Layer

	1
	CW 1 ( Layer 1




Rank 2:

	Option
	Layer

	1
	CW 1 ( Layer 1
CW 2 ( Layer 2



Rank 3: 

	Option
	Layer

	1
	CW 1 ( Layer 1

CW 2 ( Layer 2 and 3

	2
	CW 1 ( Layer 1 and 3
CW 2 ( Layer 2


Rank 4: 

	Option
	Layer

	1
	CW 1 ( Layer 1 and 4
CW 2 ( Layer 2 and 3

	2
	CW 1 ( Layer 1 and 3
CW 2 ( Layer 2 and 4


Table 2 General principle for layer mapping with 2 codewords

4 Design Option for Layer Mapping

Based on the above mapping tables, we can see observe that there are mainly two design options for layer mapping as shown below. The main difference between the two designs is for the rank 3 transmissions. In option 1, third layer is coupled to second codeword, while in Option 2; the third layer is coupled to first codeword.
Option 1:
	Rank
	Layer

	1
	CW 1 ( Layer 1 

	2
	CW 1 ( Layer 1 

CW 2 ( Layer 2

	3
	CW 1 ( Layer 1

CW 2 ( Layer 2 and 3

	4
	CW 1 ( Layer 1 and 4
CW 2 ( Layer 2 and 3


Option 2:
	Rank
	Layer

	1
	CW 1 ( Layer 1 

	2
	CW 1 ( Layer 1 

CW 2 ( Layer 2

	3
	CW 1 ( Layer 1 and 3
CW 2 ( Layer 2 

	4
	CW 1 ( Layer 1 and 3
CW 2 ( Layer 2 and 4


Table 3 Two Design Choices for layer mapping 

Here, we would like to emphasize that choosing of layer mapping also impact the feedback channel design if we decide to use time multiplexed RI/PCI as in [3]. For example for rank-3 transmissions, according to [4], UE report CQI corresponding to the first layer and in the second reporting interval UE reports the CQI corresponding to the remaining two layers, then it is preferable to use Option 1 rather than 2.
Proposal 1: We propose to use Option 1 for layer mapping.
Proposal 2: If a codeword is mapped to two layers, then during the retransmissions, the layer combination should be maintained.

5 Conclusions

For a four branch MIMO system with two codewords layer mapping functionality is needed as we need to map 2 codewords/HARQ processes from 4 layers. In this paper, we outlined the general principle behind the layer mapping when the number of codewords is less than number of layers. Based on this principle, we observe that LTE layer mapping table is not a viable choice for HSDPA four branch MIMO with 2 codewords.  We propose two design choices for layer mapping based on the general principle. It is also observed that the layer mapping influences the uplink feedback channel design or vice versa. We recommend using layer design choice 1, if 3GPP decides to use time multiplexing of RI/PCI for uplink feedback channel as in [3], 
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