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1 Introduction
The UE-RS Pattern shown below has been agreed for normal CP for rank upto 8. Some candidates for UE-RS pattern for extended CP are discussed in [1]. 
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Figure 1: UE-RS pattern for normal CP
In RAN1#61 the following was agreed for the codeword to layer mapping.

Layer mapping and power allocation
· DM-RS power offset for rank>2

· Fixed 3dB power offset to corresponding layer

· Definition of DM-RS port resource with two CDM groups for rank>2

· 1st CDM group :{port-7, port-8, port-11, port-13}

· 2nd CDM group :{port-9, port-10, port-12, port-14}

· DM-RS port to layer mapping for rank>2

· Layer n corresponds to port-(n+7), n=0,…,7

· One-to-one mapping between DM-RS port and layer

· FFS DM-RS details for retransmission
In this contribution we present our views on the details of retransmission.
2 Layer mapping
The agreed codeword to layer mapping for two codeword transmission is shown in the Table below.

Table 1: Codeword to layer mapping for two codeword transmission

	Rank
	1
	2
	3
	4
	5
	6
	7
	8

	Codeword 0
	7
	7
	7
	7, 8
	7, 8
	7, 8,  9
	7, 8,  9
	7, 8,  9, 10

	Codeword 1
	
	8
	8, 9
	9, 10
	9,10,11
	10, 11, 12
	10, 11, 12, 13
	11, 12, 13, 14


In retransmissions where both codewords have to be retransmitted, the codeword to layer mapping scheme in Table 1 is used. In retransmissions where one codeword terminates the eNB could start transmission of a new codeword in which case the mapping in Table 1 is used. However, if it chooses to blank the layers corresponding to the decoded codeword the following options could be considered:
I. First transmission Rank 2 using first CDM group only for UE-Rs. Retransmission also uses only the first CDM group.

II. First transmission Rank 3-5 using both CDM groups. Retransmission Rank =2. The eNB could (See Fig. 2)
1. Option 1: Use one CDM group with other CDM group used for data

2. Option 2: Use two CDM groups for UE-RS / one CDM group for UE-RS + blank the other group. (Proposed in [2])
III. First transmission Rank 5-8 using both CDM groups. Retransmission Rank =3-4. (See Fig. 3). The eNB could
1. Option 1: Use two CDM groups for UE-RS with OCC=2

2. Option 2: Use one CDM group for UE-RS with OCC=4 and the second CDM group being used for data

3. Option 3: Use two CDM groups with pilots of all transmitted layers on one CDM group with OCC=4 while nothing is transmitted on the 2nd CDM group
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Figure 2: Retransmission Rank 1, 2
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Figure 3: Retransmission Rank 3, 4

Option 1 in Fig. 2 is the UE-RS pattern for rank 1 with one codeword and rank 2 with two codewords while option 1 in Fig. 3 is the UE-RS pattern for rank 3 and 4 for two codeword transmission. These patterns were identified to be the best patterns for those ranks (in initial transmissions as well as retransmissions) and hence it is logical to use them for retransmissions with CW blanking as well. In [2], option 2 was proposed as an alternative to option 1 to reduce the rate matching complexity in retransmissions and to enable chase combining. The claimed complexity reduction is not significant since the eNB may choose to reduce the number of RBs in retransmission or the subframe with the retransmission may have CSI-RS / PBCH etc in which case the data has to be rate matched around the PBCH/CSI-RS etc. In the next section we show from a performance perspective there is little difference between the different options.
3 Simulation results

In Fig. 4 we show the performance of the two retransmission options for rank 1, 2 for 4x4 channel when the HARQ termination is targeted to be 1st transmission with 30% error rate. The full simulation setup is described in the Appendix. 
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Figure 4: Performance with different codeword to layer mapping options for retransmission
From the results we see that, even with 30% target termination error rate, from a performance perspective there is no difference between the two options. This is expected since in retransmissions the rank and code rate are already lower than that supported by the channel and hence the codeword is decoded with high probability. Similar results are expected for the three options described before for retransmission rank of 3 and 4. 
4 Conclusion

Based on the arguments presented in section 2 and the performance results in section 3, we propose using option 1 in Fig. 3 and Fig. 4 for the codeword to layer mapping for retransmission. The mapping is summarized in the table below. 

	Retransmission
Rank
	1
	2
	3
	4

	Codeword x
	7
	7, 8
	7, 8, 9
	7, 8, 9, 10

	
	CDM group 2 used for data
	CDM group 2 used for data
	Both CDM groups used for pilots with OCC=2
	Both CDM groups used for pilots with OCC=2
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Appendix

Table 2: Simulation Assumptions

	Transmission Bandwidth
	10 MHz

	Channel Model
	TU 3 Kmph

	Number of Tx antennas
	4

	Number of Rx antennas
	4 

	Transmission scheme
	Rank adaptation with max rank 4

	Receiver Type
	MMSE Receiver

	Allocation Size 
	10 RBs

	Number of Control Symbols
	3

	Number of CRS antenna ports
	2

	CQI/Precoding feedback
	Perfect

	Channel Estimation
	UE-RS Based

	Interference Estimation
	Perfect

	HARQ termination 
	1st Tx with 30% error rate

	HARQ scheme
	CW blanking:  If CW_x is decoded and CW_y is not decoded then CW_x only gets retransmitted until it is also decoded
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