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1 Introduction
During RAN1 #60bis meeting, the following agreements [1] were made:

· 2 NDIs (one NDI per CW) in the DCI format associated with UL SU-MIMO. 

· 2 H-ARQ A/N

· Limit PHICH design to one to one mapping between an A/N and an existing PHICH resource
As a result, 2 ACK/NACKs are carried by the PHICH in case that 2 codewords are transmitted on the PUSCH, while the UL HARQ can be triggered by PDCCH and/or PHICH. When PHICH is used to trigger re-transmission, no UL grant exists [2]. In this case, considering close loop MIMO is supported in Rel-10, the mechanism used to indicate the precoding vector used for the re-transmitted codeword to the target UE still remains as an issue to be resolved. During RAN1 #61 meeting, it was agreed that a specification-based solution would be necessary. This contribution presents a solution that defines the precoding vector or matrix for the retransmitted codeword implicitly when UL grant does not exist.
2 Precoding of uplink re-transmission without UL grant
We summarize in the following table several possible cases for UL re-transmission without a new UL grant. 
Table 1
Possible scenarios of UL re-transmission without a new UL grant
	
	Possible precoding operations for UL re-transmission

	1 CW for initial transmission (CW0)

	
	CW0 = ACK
	No re-transmission would be necessary

	
	CW0 = NACK
	Proposal: Use the same precoder as in the initial transmission

	2 CWs for initial transmission (CW0,CW1)

	
	CW0 = ACK, CW1 = ACK
	No re-transmission would be necessary

	
	CW0 = ACK, CW1 =NACK
	RAN1 needs to decide which precoder is used for re-transmission

	
	CW0 = NACK, CW1 = ACK
	RAN 1 needs to decide which precoder is used for re-transmission

	
	CW0 = NACK, CW1 = NACK
	Proposal: Use the same precoder as in the initial transmission


As we can see, if the rank of the re-transmission is the same as the initial transmission, it is straightforward to re-use the same precoding matrix. Thus, we only need to focus on the case when rank is reduced in a re-transmission, i.e. 1 out of 2 transmitted codewords are received incorrectly in the previous transmission. Table 2 looks more closely at this particular case by analyzing the possible ranks for initial and re-transmissions.
Table 2
Possible initial and re-transmission ranks if 1 out of 2 codewords are received incorrectly
	Rank for initial transmission
	Rank for re-transmission

	2 Tx, rank = 2
	Rank = 1 (CW0 or CW1)

	4 Tx, rank = 2
	Rank = 1 (CW0 or CW1)

	4 Tx, rank = 3
	Rank = 1 (CW0)

	4 Tx, rank = 3
	Rank = 2 (CW1)

	4 Tx, rank = 4
	Rank = 2 (CW0 or CW1)


2.1 Precoding vector indication for 2 CWs initial transmission and 1 CW re-transmission
In this section, different precoding vector indication methods are discussed when 1 out of 2 codewords fails the previous transmission and undergoes one or more re-transmissions. 
Alternative 1; Column selection: 
As discussed in [2], it would be possible for the UE to use a precoder derived from the initial transmission precoding matrix. For example, the same precoding vector/matrix for the failed CW in the initial transmission could be reused during the re-transmission again.
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Fig.1 A rank-2 example for alternative 1.
As shown in Fig. 1, a rank-2 precoding matrix is used for initial transmission of CW0 and CW1, where CW0 is mapped to layer 1 and CW1 is mapped to layer 2. If CW0 fails with a NACK and CW1 succeeds with an ACK, the first column of the precoding matrix could be used as the precoding vector for CW0 re-transmission. If CW0 succeeds with an ACK and CW1 fails with a NACK, the second column of the precoding matrix could be used for CW1 re-transmission. The examples of rank-3 and rank-4 re-transmissions are shown in Fig. 2 and 3 respectively. We skip the detailed explanations here, which follow directly from Fig. 1. 

[image: image2.emf]CW0 CW1

























0

0

b

a

This precoder gets used 

for CW0 re-transmission

This precoder gets used 

for CW1 re-transmission

























d

c

0

0

0 0

0 0

























d

c

b

a

0 0

0 0

0 0

0 0

Initial 

transmission 

precoding 

matrix

   
Fig. 2
A rank-3 example for alternative 1.  
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 Fig. 3
A rank-4 example for alternative 1.  

But this alternative fails to utilize all transmit antenna PAs during re-transmission due to the current CMP codebook structure. 

Alternative 2; Column merging: 
Alternative 2 was obtained from a more careful study of the UL re-transmission. Assuming we have a rank-2 initial transmission from a 4-antenna-port UL transmitter, in the initial transmission, CW0 is transmitted on layer 1 using antenna ports 1 and 2, while CW1 is transmitted on layer 2 using antenna ports 3 and 4. As shown in Fig. 4, the vector [a ; b] forms a reasonably good co-phasing vector for antenna port 1 and 2, while vector [c ; d] forms a reasonably good co-phasing vector for antenna port 3 and 4. 
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Fig. 4 Phase relationship between antennas revealed by precoding matrix.
To fully utilize all the antenna ports during re-transmission, the following precoder is proposed. In particular, the new rank-1 precoder takes a form of [ a ; b ; 
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 ]  as shown in Fig. 5. Hence, the columns of the rank-2 precoding matrix are merged to a rank 1 precoding vector, i.e. column merging. Such a form ensures that the antenna port 1 would co-phase well with port 2, port 3 would co-phase well with port 4. Since the DMRS is precoded, the eNB need not be aware of parameter
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Fig. 5
Phase relationship for a rank-2 example.
The parameter 
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could be used to adjust the phase relationship between antenna ports 1/2 and 3/4, if it could be known by the UE. If knowledge of 
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can not be obtained at the UE side, it could be assigned a fixed value, e.g. 
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= 0. The re-transmission matrix now takes a form as in Fig. 6.  
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Fig. 6
A special case of rank-2 example for alternative 2, column merging.
In Fig. 7, an example of the rank-3 initial transmission precoding matrix and rank-1/2 re-transmission is given. In particular, when CW0 fails the initial transmission, a precoding vector of [a ; b; c ; d] may be used afterwards. On the other hand, if CW1 fails the initial transmission, a precoding matrix of [a 0; b 0; 0 c; 0 d] may be used afterwards. For both cases, all the transmit antenna PAs get fully utilized. In Fig. 8, a similar example is given for rank-4 initial transmission and rank-2 re-transmission. Again, all the transmit antenna PAs get fully utilized during re-transmission.
In all those cases, the precoding vector/matrix for each UE would be known to the eNB already, thus facilitating UL MU-MIMO. In contrast, for the scheme 1 of [2], the precoding vector/matrix for each UE is not known to the eNB, making the UL MU-MIMO more problematic.
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 Fig. 7
A rank-3 example for alternative 2.
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Fig. 8
A rank-4 example for alternative 2. 

In general, we may divide all the antenna ports into N groups, where N is the rank for the initial transmission and the n-th antenna group contains those antennas contributing toward the n-th layer in the initial transmission. During the re-transmission stage, the antenna phase relationship within each group would keep unchanged relative to the initial transmission.
Alternative 3: Precoder cycling: 
In this alternative, the precoding matrix changes (taken from the codebook) for different re-transmissions [2], trying to take advantage of the spatial diversity. This scheme could be a reasonable reduced rank re-transmission solution for a rank-4 initial transmission, where the identity matrix is the only possible PMI. In this case, if one codeword is right and the other codeword is wrong, a rank-2 precoding matrix is necessary for the re-transmission. Since the identity matrix of the initial transmission does not provide any spatial domain information, the precoding matrix cycling could be a good candidate solution.
3 Evaluation 
When only one codeword is to be retransmitted with two codewords used for initial transmission, the following PHICH-triggered re-transmission methods are evaluated.

· Alt. 1: (Column selection) the same precoding vector/matrix for the failed CW in the initial transmission could be reused during the re-transmission again (without power boosting). 
· Alt.2: (Column merging) the columns of the rank-2 precoding matrix are merged to a rank 1 precoding vector
Link level simulations have been carried out with the simulation assumptions listed in Appendix.  And only retransmission is compared in the following figures. Fig. 9 and 10 show the link results with fixed MCS (16QAM,1/2 code rate) . 
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Fig. 9 Retransmission BLER of fixed MCS
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Fig. 10 Retransmission BLER of AMC.
In Fig.9 and Fig. 10, the BLER of retransmission (times of failed first retransmission to times of total retransmission ratio) is compared between column selection and column merging. Compared with column selection, lower retransmission BLER is gotten for column merging.  And this can reduce the delay of data transmission. Because of UL link adaptation impairment, retransmission occurs frequently. Therefore optimizing retransmission is necessary in UL transmission.  
4 Conclusion
In this contribution, we discuss the precoding for UL re-transmission without a new UL grant, when one out of two codewords fails the previous transmission. Three alternatives were analyzed, alternatives 2 and 3  also enjoy full antenna power utilization and are thus more power efficient than alternative 1. From the simulation results, full antenna power utilization can reduce BLER of retransmission. We therefore propose that 
· Alternative 2(column merging) could be used for rank-1/2 re-transmissions when the initial transmission has a rank of 2/3
· Alternative 3(precoding cycling) could be used for rank-2 re-transmissions when the initial transmission has a rank of 4
Appendix
Appendix: Simulation Assumptions
	Parameter
	Value

	Carrier frequency
	2.0GHz

	System bandwidth
	5MHz

	PUSCH bandwidth
	5RBs

	Slot format
	normal CP

	Channel model
	EVA, 3kmph

	Antenna configuration
	4x2

	PUSCH transmission rank
	2

	Antenna correlation 
	0.0

	Receiver
	MMSE

	Channel estimation
	real

	Configured SRS period
	8ms

	Rank adaptation
	Fixed rank 2

	Precoding codebook
	Rank 2 codebook in TR 36.814

	Link adaptation 
	On or off
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