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1
Introduction
In RAN1 #62b, the precoder selection was agreed for PHICH-triggered SU-MIMO retransmissions [1]. 

The following issue has not been decided:
When an initial grant with 2TBs enabled is followed by 1ACK+1NAK on the PHICH, then for the codeword to be retransmitted, the following resources
· CW Id

· PHICH resource

· DMRS resource

should be the same as for the initial transmission of the same TB or it should be the same as if the initial grant parameters were received but with the current rank. 
Furthermore, it needs to be decided whether the Tx power of retransmission should be the same as the initial transmission of the current TB or the same as the sum of initial transmission of both TBs. 

In this contribution, we provide our views on this topic.
2
Discussion
2.1
Resource allocation for PHICH-based retransmission

The two options that had been discussed are the following: 

· Option 1. (“Reset”)  The PHICH and DM-RS resources are selected based on the same rules and the same parameters as in the latest PDCCH-based grant for the same TB except that reduced rank corresponding to the retransmission is used, as opposed to rank of the latest PDCCH-based grant. 

· Option 2. (“Reuse”)  The PHICH and DM-RS resources are selected to be the same as in the transmission in response to the latest PDCCH-based grant for the same TB. 
As it was pointed out in [4], one of the main differences between Options 1 and 2 is that Option 2 gives error free operation in cases of PHICH decoding errors. 

If each TB of an SU-MIMO initial transmission is power controlled to have 20% BLER then the probability of having 1ACK+1NAK for retransmission is about 20% assuming independent decoding errors across TBs. 

The nominal PHICH ACK(NAK error rate is 0.1% based on [5]. 

In the error case when the ACK is misdecoded as NAK, Option 1 would result in a decoding error for the PHICH-based retransmission, unless the unlikely implementation of blind decoding in the eNB is used. In the same situation, Option 2 would likely result in correct decoding of the retransmitted TB. 

Based on the nominal error rates, Option 2 would have a 0.02% performance gain over Option 1. 
On the other hand, as it was pointed out at RAN1#62b, Option 1 allows for both better DM-RS cyclic shift separation and possibility of co-scheduling another MU-MIMO user at the same time in the Rank 3 case. 

The increase in cyclic shift separation with Option 1 would be only for the retransmission of CW1 in the rank 3 initial grant case.  However, the OCC separation in this case would be worsened, assuming that CSI={000,011,100,111}  was used in the previous PDCCH grant, so the channel estimation performance could be actually worsened. 
A comparison of advantages and disadvantages are shown in Table 1 below.

	
	BLER increase due to ACK(NAK errors
	BLER increase due to suboptimum DM-RS cyclic shift allocation
	Possibility of MU-MIMO co-scheduling when retransmitting CW1 in rank 3 Tx 

	Option 1  (“Reset”)
	0.02%
	0%
	Yes

	Option 2 (“Reuse”)
	0%
	Probably 0%
	No


Table 1 Comparison of PHICH-based retransmission options
We see very small difference between the two options and have slight preference toward Option 2 (“Reuse”).
2.2
Power allocation for PHICH-based retransmission

The two options for handling the power control for PHICH-based retransmission are

· Option A:  (“Power boost”)  Retransmit one CW with the same power as was used for two CWs in the previous transmission
· Option B:  (“No power boost”)  Retransmit one CW with the same power as was used for the same CW in the previous transmission
When considering link performance only, Option A, i.e. power boosting of the second transmission with blanking, clearly can improve performance.  However, the expected performance improvement is small. 
Link level simulations have been carried out to compare Option A and B with the simulation assumptions listed in Table 2.  Figs. 1-2 show the link throughput of different options at different Doppler speeds (3kph and 60kph). 
Table 2: Simulation Assumptions
	Parameter
	Value

	Carrier frequency
	2.0GHz

	System bandwidth
	5MHz

	PUSCH bandwidth
	4RBs

	Slot format
	normal CP

	Channel model
	TU, 3/60kmph

	Antenna config
	2x2

	PUSCH transmission rank
	2

	Antenna correlation 
	0.0

	Receiver
	MMSE-SIC

	Channel estimation
	Ideal

	Configured SRS period
	5ms

	Precoding codebook
	Rank 2 codebook in TR 36.814

	Layer blanking during re-txmn
	Yes

	Power boost for re-txmn in case of layer blanking
	Yes/No

	Precoding vector switching for re-txmn
	Yes/No

	Link adaptation 
	On

	AMC target BLER
	10% at 1st transmission
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Figure 1: Link throughput performance at 3kmph
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Figure 2: Link throughput performance at 60kmph
With good rate control, which is possible in the low Doppler cases, there is little signal power needed in the second transmission, since with 10% retransmission rate, the SNR in the first transmission must have been close to sufficient for decoding even in the unsuccessful decoding cases.  Therefore, there is a limited signal power needed in the 2nd transmission and power boosting wastes energy. There is some benefit in the high Doppler case, which is due to the larger spread of SNR deficiency upon first transmission. But even there, the performance gain is moderate. 

Although it would seem that power boosting has some benefit in the high SNR high Doppler scenarios, it does have a clear disadvantage when considering system performance since it increases the amount of interference injected to neighboring cells, which would be present in all scenarios, both low Doppler and high Doppler .
Power boosting could also help in headroom limited scenarios; however, these are error cases, since the eNB should set the rank and TB size considering the current power headroom.  The benefit provided in a fraction of the cases doesn’t seem to offset the cost represented in the form of inter-cell interference rise.  

Thus, we propose no power boosting for PHICH-triggered re-transmission of the NACKed codeword.
3
Conclusion 

Regarding the resource allocation and power allocation scheme for the PHICH-triggered re-transmission of the NACKed codeword, the following is proposed:

For resource (CW Id, DM-RS, PHICH) allocation

· Choose Option 2  (“Reuse” ) : The PHICH and DM-RS resources are selected to be the same as in the transmission  in response to the latest PDCCH-based grant for the same TB. 
For power allocation

· Choose Option B  (“No power boost” ) : Retransmit one TB with the same power as was used for the same TB in the previous transmission. 
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