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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 and increase the coverage for lower rank transmissions. One of the important aspects is to decide upon how many codewords and HARQ processes should this 4 branch MIMO system support. At RAN1#67and 68, it was decided to use two codeword MIMO to reduce the control channel signaling.  
During RAN1#68 bis, some concerns were raised about retransmission procedures in a two codeword MIMO system. In this contribution, we describe the HARQ retransmission procedures in for 2 codeword MIMO.  Note that since the number of codewords is less than the number of layers, the retransmissions are not straight forward as that Release 7 MIMO. Moreover, the retransmissions depend on how the layer is mapped to the codewords. We proposed an optimized layer mapping table based on HARQ retransmissions in [3]. Even though we describe the retransmission procedures based on the layer mapping proposed in [3], the general principle for retransmission remains same. The main goal for this contribution is to give more flexibility to the Node B in choosing the rank during HARQ retransmissions. 
2 HARQ Retransmission Operation

Table 1 shows layer mapping considered in this paper. This structure was chosen because this structure preserves the same codeword structure for bundled layers. In this way Node- B is flexible to choose rank when one of the bundled layers gets NAK. Tables 2,3,4,5 show the retransmission procedures for individual ranks. Please note that CW refers to codeword, NT refers to New Transmission and OT refers to Old Transmission. The details are as follows:
Table 1 Layer mapping combinations for rank 3 transmissions

	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


2.1 Retransmission procedures for Rank 4 Transmissions

a. Constant rank

In this case the UE prefers Rank 4 transmission and the rank do not change from the time of the original transmission and retransmission. This case is similar to the legacy transmission (with 2 codewords) for 2x2 MIMO with constant rank 2 transmissions. We don’t see any issues regarding retransmissions. 
· If both codewords needs to be transmitted then simply retransmit data on the same layers as that of the original transmission.
· If one of the codeword needs to be transmitted retransmit the data on the same layer as that of original transmissions. 
b. UE preferred rank equal to 3
            In this case UE prefers a Rank 3 transmission while the original Rank is 4. 
· If both streams need to be transmitted then simply retransmit data on the same layers as the original transmission employed with Rank 4.
· If only one of the codeword needs to be retransmitted. If Rank 3 can support the bundled layer then retransmit data on the same layers as that of original transmissions. If Rank 3 can’t support the bundled layers, then retransmit data on the same layers as that of original transmissions with Rank 4.
c. UE preferred rank equal to 2
            In this case UE prefers a Rank 2 transmission while the original Rank is 4. 
· If both streams need to be transmitted then simply retransmit data on the same layers as the original transmission employed with Rank 4.

· If only one of the codeword needs to be retransmitted. If Rank 3 can support the bundled layer then retransmit data on the same layers as that of original transmissions. If Rank 3 can’t support the bundled layers, then retransmit data on the same layers as that of original transmissions with Rank 4.

d. UE preferred rank equal to 1
         In this case UE prefers a Rank 1 transmission while the original Rank is 4. 
· If both streams need to be transmitted then simply retransmit data on the same layers as the original transmission employed with Rank 4.

· If only one of the codeword needs to be retransmitted. If Rank 3 can support the bundled layer then retransmit data on the same layers as that of original transmissions. If Rank 3 can’t support the bundled layers, then retransmit data on the same layers as that of original transmissions with Rank 4.

Table 2 Retransmission Table for original transmission Rank equals to 4
	Ack/Nack Indication
	UE

Prefe-rred RI
	Node B-

Assigned RI
	Proposed Transmission

	CW-1
	CW-2
	
	
	CW-1
	CW-2

	Ack
	Ack 
	4
	4
	NT
	NT

	Ack
	Nack 
	4
	4
	NT
	OT

	Nack
	Ack 
	4
	4
	OT
	NT

	Nack
	Nack
	4
	4
	OT
	OT

	Ack
	Ack 
	3
	3
	NT
	NT

	Ack
	Nack 
	3
	3
	NT
	OT

	Nack
	Ack 
	3
	4
	OT
	NT

	Nack
	Nack
	3
	4
	OT
	OT

	Ack
	Ack 
	2
	2
	NT
	NT

	Ack
	Nack 
	2
	3 or 4
	NT
	OT

	Nack
	Ack
	2
	4
	OT
	NT

	Nack
	Nack
	2
	4
	OT
	OT

	Ack
	Ack 
	1
	1
	NT
	NT

	Ack
	Nack 
	1
	3 or 4
	NT
	OT

	Nack
	Ack 
	1
	4
	OT
	NT

	Nack
	Nack
	1
	4
	OT
	OT


2.2 Retransmission procedures for Rank 3 Transmissions

a. Constant rank

In this case the UE prefers Rank 3 transmission and the rank do not change from the time of the original transmission and retransmission. This case equals legacy transmission for 2x2 MIMO with constant rank 2 transmissions. We don’t see any issues regarding retransmissions. 
· If both codewords needs to be transmitted then simply retransmit data on the same layers as that of the original transmission.

· If one of the codeword needs to be transmitted retransmit the data on the same layer as that of original transmissions. 

b. UE preferred rank equal to 4
            In this case UE prefers a Rank 4 transmission while the original Rank is 3. 
· If both streams need to be transmitted then simply retransmit data on the same layers as the original transmission employed with Rank 3.

· If only one of the codeword needs to be retransmitted. If Rank 4 can support the bundled layer then retransmit data on the same layers as that of original transmissions. If Rank 4 can’t support the bundled layers, then retransmit data on the same layers as that of original transmissions with Rank 3.

c. UE preferred rank equal to 2
            In this case UE prefers a Rank 2 transmission while the original Rank is 3. 
· If both streams need to be transmitted then simply retransmit data on the same layers as the original transmission employed with Rank 3.

· If only one of the codeword needs to be retransmitted. If the codeword belongs to the bundled layer then retransmit data on the same layers as that of original transmissions with Rank 3. Otherwise retransmit data on the same layer as that of original transmissions with Rank 2.

d. UE preferred rank equal to 1
         In this case UE prefers a Rank 1 transmission while the original Rank is 3. 

· If both streams need to be transmitted then simply retransmit data on the same layers as the original transmission employed with Rank 3.

· If only one of the codeword needs to be retransmitted. If the codeword belongs to the bundled layer then retransmit data on the same layers as that of original transmissions with Rank 3. Otherwise retransmit data on the same layer as that of original transmissions with Rank 1.

Table 3  Retransmission Table for original transmission Rank equals to 3

	Ack/Nack Indication
	UE

Prefe-rred RI
	Node B-

Assigned RI
	Proposed Transmission

	CW-1
	CW-2
	
	
	CW-1
	CW-2

	Ack
	Ack 
	4
	4
	NT
	NT

	Ack
	Nack 
	4
	4
	NT
	OT

	Nack
	Ack 
	4
	3
	OT
	NT

	Nack
	Nack
	4
	3
	OT
	OT

	Ack
	Ack 
	3
	3
	NT
	NT

	Ack
	Nack 
	3
	3
	NT
	OT

	Nack
	Ack 
	3
	3
	OT
	NT

	Nack
	Nack
	3
	3
	OT
	OT

	Ack
	Ack 
	2
	2
	NT
	NT

	Ack
	Nack 
	2
	3 
	NT
	OT

	Nack
	Ack
	2
	2
	OT
	NT

	Nack
	Nack
	2
	3
	OT
	OT

	Ack
	Ack 
	1
	1
	NT
	NA

	Ack
	Nack 
	1
	3 
	NT
	OT

	Nack
	Ack 
	1
	1
	OT
	NA

	Nack
	Nack
	1
	3
	OT
	OT


2.3 Retransmission procedures for Rank 2 Transmissions

a. Constant rank

In this case the UE prefers Rank 2 transmission and the rank do not change from the time of the original transmission and retransmission. This case equals legacy transmission for 2x2 MIMO with constant rank 2 transmissions. We don’t see any issues regarding retransmissions.
· If both codewords needs to be transmitted then simply retransmit data on the same layers as that of the original transmission.

· If one of the codeword needs to be transmitted retransmit the data on the same layer as that of original transmissions. 

b. UE preferred rank equal to 4
            In this case UE prefers a Rank 2 transmission while the original Rank is 4. 

· If both codewords needs to be transmitted then simply retransmit data on the same layers as the original transmission employed with Rank 2.

· If only one of the codeword needs to be retransmitted. If Rank 3 can support the non-bundled layer then retransmit data on the same layers as that of original transmissions. If Rank 3 can’t support the bundled layers, then retransmit data on the same layers as that of original transmissions with Rank 2.

c. UE preferred rank equal to 3
            In this case UE prefers a Rank 3 transmission while the original Rank is 2. 

· If both codewords needs to be transmitted then simply retransmit data on the same layers as the original transmission employed with Rank 2.

· If only one of the codeword needs to be retransmitted. If Rank 3 can support the non-bundled layer then retransmit data on the same layers as that of original transmissions. If Rank 3 can’t support the bundled layers, then retransmit data on the same layer as that of original transmissions with Rank 2.

d. UE preferred rank equal to 1
In this case UE prefers a Rank 1 transmission while the original Rank is 2. This case equals legacy transmission for 2x2 MIMO with rank 2 to rank 1 transition. We don’t see any issues regarding retransmissions.

Table 4Table 2 Retransmission Table for original transmission Rank equals to 2
	Ack/Nack Indication
	UE

Prefe-rred RI
	Node B-

Assigned RI
	Proposed Transmission

	CW-1
	CW-2
	
	
	CW-1
	CW-2

	Ack
	Ack 
	4
	4
	NT
	NT

	Ack
	Nack 
	4
	2
	NT
	OT

	Nack
	Ack 
	4
	3,2
	OT
	NT

	Nack
	Nack
	4
	2
	OT
	OT

	Ack
	Ack 
	3
	3
	NT
	NT

	Ack
	Nack 
	3
	2
	NT
	OT

	Nack
	Ack 
	3
	3
	OT
	NT

	Nack
	Nack
	3
	2
	OT
	OT

	Ack
	Ack 
	2
	2
	NT
	NT

	Ack
	Nack 
	2
	2 
	NT
	OT

	Nack
	Ack
	2
	2
	OT
	NT

	Nack
	Nack
	2
	2
	OT
	OT

	Ack
	Ack 
	1
	1
	NT
	NA

	Ack
	Nack 
	1
	2 
	NT
	OT

	Nack
	Ack 
	1
	1
	OT
	NA

	Nack
	Nack
	1
	2
	OT
	OT


2.4 Retransmission procedures for Rank 1 Transmissions

a. Constant rank

In this case the UE prefers Rank 1 transmission and the rank do not change from the time of the original transmission and retransmission. This case equals legacy transmission for 2x2 MIMO with constant rank 1 transmission. We don’t see any issues regarding retransmissions 
b. UE preferred rank equal to 4
            In this case UE prefers a Rank 4 transmission while the original Rank is 1. 

· If the codeword needs to be retransmitted, it is transmitted with rank 1, 2 or 3. Note that Rank 3 transmissions, non bundled layer are used to retransmit the data. 
c. UE preferred rank equal to 3
            In this case UE prefers a Rank 3 transmission while the original Rank is 1. 

· If the codeword needs to be retransmitted, it is transmitted with rank 1, 2 or 3. Note that Rank 3 transmissions, non bundled layer are used to retransmit the data. 
d. UE preferred rank equal to 2
In this case UE prefers a Rank 2 transmission while the original Rank is 1. This case equals legacy transmission for 2x2 MIMO with rank 1 to rank 2 transitions. We don’t see any issues regarding retransmissions.

Table 5 Table 2 Retransmission Table for original transmission Rank equals to 1
	Ack/Nack Indication
	UE

Prefe-rred RI
	Node B-

Assigned RI
	Proposed Transmission

	CW-1
	CW-2
	
	
	CW-1
	CW-2

	Ack
	   NA
	4
	4
	NT
	NT

	Nack
	   NA
	4
	1,2,3
	OT
	NT

	Ack
	   NA
	3
	3
	NT
	NT

	NAck
	   NA
	3
	3
	OT
	NT

	Ack
	   NA
	2
	2
	NT
	NT

	Nack
	   NA
	2
	2
	OT
	NT

	Ack
	   NA
	1
	1
	NT
	NT

	NAck
	   NA
	1
	1
	OT
	NA


3 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 HARQ retransmission procedures for 2 codeword MIMO system with a specific layer mapping table. 
Proposal 1: If one of the codeword (mapped to 2 Transport blocks) needs to be transmitted then retransmit the data on the same layer as that of original transmissions. 
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