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1. Introduction
When UL SU-MIMO is used together with non-adaptive HARQ, it is unclear how the UE selects the precoder matrix/vector when non-adaptive retransmission (without UL grant) occurs. This is especially problematic when the initial transmission consists of 2 codewords and only one codeword needs to be retransmitted.  In RAN1#62, the following progress was made: 
· If the number of TBs in the PHICH-triggered retransmission is the same as in the latest transmission with an associated grant
· Rank and precoding vector stay the same
· The retransmission does not carry any automatic power adjustment command
· Continue discussion on the case where number of TBs in the PHICH-triggered retransmission is less than in the latest transmission with an associated grant.  To decide on one alternative next meeting.
· Alt 1:

· The precoding vector for a retransmission should be a predefined precoding matrix,  {depending, not depending} on the precoding vector in the latest grant
· The predefined precoding matrix (s) should be {the first CW, cycling of CWs in time according to subframe index or RIV} in the agreed uplink codebook for the transmission rank of the retransmission
· Alt2: For PHICH-triggered retransmissions, TB is transmitted with the same precoding that was previously used for the TB to be retransmitted in the latest grant
· The retransmission does not carry any automatic power adjustment command      
· Alt 3: For PHICH-triggered retransmissions, TB is transmitted with the precoding that was used for the TB with a higher TBS size in the latest grant, if the TBS sizes are different in the grant
· Alt 4: Fallback to single antenna port transmission
Among the four alternatives listed above, Alt1 received more support followed by Alt2. In this contribution, we mainly focus on Alt1 and Alt2 as an attempt to conclude on this issue. Furthermore, note that there are two versions of Alt1:

· Alt1a: The predefined precoder (the first precoder) is fixed across retransmissions
· Alt1b: The predefined precoder varies (is cycled) across retransmissions according to the subframe index or RIV
2. Discussion 
In case of non-adaptive retransmission, the possible cases are given in Table 1 assuming the initial transmission of 2 codewords.
Table 1 Scenarios for non-adaptive retransmission

	Case
	Retransmission
	Initial rank
	Retransmitted rank
	Notes

	1
	2CW ( 2CW
	R (1,2,3,4)
	R (1,2,3,4)
	Both CWs are retransmitted

	2
	2CW ( 1CW
	2
	1
	Either CW0 or CW1 is retransmitted

	3
	
	3
	1
	CW0 is retransmitted

	4
	
	3
	2
	CW1 is retransmitted 

	5
	
	4
	2
	Either CW0 or CW1 is retransmitted


The solution for case 1 was already decided.

For cases 2 to 5, only one out of the two codewords is retransmitted. As mentioned in Section 1, the following three alternatives are considered:
· Alt1a: Use the first precoder vector/matrix in the corresponding codebook for non-adaptive retransmission.

· Alt1a is the simplest solution and avoids PA imbalance issue although it offers no opportunity for precoding adaptation.
· Alt1b: Use a chosen precoder vector/matrix based on the subframe index or RVI in the corresponding codebook for non-adaptive retransmission.
· Alt1b adds another level of complexity to Alt1a which allows the UE to change the precoder across retransmissions.

· Alt2: Use the corresponding sub-matrix (column vector(s)) associated with the retransmitted codeword without automatic power adjustment control 
· While Alt2 appears simple and natural, power amplifier (PA) imbalance occurs when the PA on each antenna reaches its maximum TX power due to the property of CM-preserving precoder. This results in up to 3dB TX power penalty in power-limited scenario (since automatic power adjustment is not done, which would otherwise result in the definition of new precoding vectors/matrices in the current codebook). 
In order to choose a simple yet reasonable specification-based solution, the following points should be noted:
· The goal for the solution is less about precoding gain but more about the eNodeB knowing the precoder which the UE uses upon non-adaptive retransmissions. While better performance is certainly desirable, the UE cannot acquire sufficient UL channel and interference information to derive an optimum precoder (based on some performance metric) for a lower rank. Note that the precoder associated with the previous transmission represents highly compressed channel information to a certain degree. Other than the fact that Alt2 guarantees a non-zero lower bound of the effective SINR, optimality is certainly not guaranteed.  
· Alt2 suffers from TX power penalty (back-off) when the PA on each antenna reaches the maximum TX power. The amount of back-off, however, depends on whether the UE transmits at maximum power. At the same time, the typical application of UL SU-MIMO is believed to be for networks with low loading. Hence, the impact of TX power back-off can be a significant factor. At the same time, such issue may be less problematic for retransmissions than initial transmissions. 
· It was mentioned that the drawback of Alt1a is the use of fixed precoder which may (at certain events) accidentally place the transmitted signal onto a fixed channel null-space (e.g. due to a poor handset antenna design). Therefore, the reception of the retransmitted signals is poor in such scenario. In this case, Alt1b or Alt2 seems to be a better alternative. It should be noted, however, that this scenario represents a corner case. Furthermore, short-term channel fading on top of a long-term null-space (while not preferred) will most likely compensate for such problem, if any. 

· If, however, we are to choose between Alt1b and 2 for the above reason, Alt2 is preferred as Alt1b simply reduces the chance of transmitting on a fixed null-space rather than avoiding it to start with.  
· Following the approach taken in DL SU-MIMO, CW0 (the first codeword) is enabled by default for UL SU-MIMO. When the previous (initial) transmission consists of 2 codewords, the following 1-CW-only retransmission scenarios are possible:

1. One-CW SU-MIMO retransmission: The retransmission takes the form of SU-MIMO transmission with a lower rank than the previous transmission. In this case, the retransmission is mapped onto CW0 regardless of the CW designation for the previous transmission (CW0 or CW1). This fact is relevant for Alt2 where the sub-matrix corresponding to the previous codeword designation is used. This is illustrated in Figure 1. Since the previous codeword designation is not necessarily reused, the sub-matrix approach is not expected to outperform the fixed precoding approach (Alt1a) in all scenarios even without TX power limitation. 
2. MU-MIMO retransmission: The retransmitted codeword is co-scheduled with another codeword from another UE – forming a MU-MIMO transmission. In this case, the notion of codeword designation is not as meaningful as in the previous scenario. Again, it is unclear that Alt1a is better than Alt2.
Considering the above factors, our first preference is the fixed precoding solution (Alt1a) as we see no clear performance advantage of Alt1b/Alt2 over the simplest solution. If, however, the fixed null-space problem becomes am exaggerated concern, the sub-matrix approach (Alt2) is also an acceptable alternative.  
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Figure 1 CW designation upon 1-CW retransmission – 4Tx transmission is assumed for illustration
3. Conclusion
In this contribution, we discussed the issue of precoder selection for non-adaptive retransmissions when the initial (previous) transmission consists of 2 codewords and only one codeword is retransmitted.  Our view is as follows:
· The first preference is the fixed precoding solution (Alt1a) as we see no clear performance advantage of Alt1b/Alt2 over the simplest solution. 

· If, however, the fixed null-space problem becomes am exaggerated concern, the sub-matrix approach (Alt2) is also an acceptable alternative.  
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