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1. Introduction
At RAN1#62 the following agreement was made regarding precoding of PHICH-Triggered retransmissions for the case when the number of TBs in a PHICH-triggered transmission does not change relative to the associated grant.
· 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
The more difficult case of precoder selection when the number of TBs reduces from two to one was reduced to the following alternatives:
· 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

2. Review of Alternatives
The first alternative includes the following options: a) using a fixed precoder, one for each rank  b) basing precoder selection on the precoder assigned in the latest grant and c) cycling among the codebook entries in time.  These three solutions along with alternatives 2,3, and 4 are summarized below.  
2.1. Alt 1-1: One Predefined Matrix Per Rank
Alternative 1-1 precodes retransmissions according to a fixed precoding matrix determined solely by the retransmission’s rank, i.e., according to precoder 
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Figure 1: Precoding with pre-defined precoding matrices in Alt. 1-1.  
This alternative is simple to implement and has low specification impact since the precoding matrices used for retransmission are chosen from the current CMP codebook.  The PAs of all antenna ports are utilized and therefore full transmission power is available for retransmissions.  On the other hand the precoding applied on retransmissions is independent of the channel and therefore the performance of this scheme may be degraded relative to the other schemes.
2.2. Alt 1-2: Precoding Matrix Derived from Precoder Assigned in Grant
Alt. 1-2 extends the fixed precoding approach of Alt 1-1 by allowing the retransmitted CW to use a precoding matrix that is a function of the precoder assigned in the latest grant. This scheme is defined by a two functions, 
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 , corresponding to the first and second CW being ACKed respectively. These functions map the precoder assigned in the latest grant to the precoder used retransmission. There are several proposals for the function  
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to minimize the chordal distance to  
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[3].  Another proposal is to merge columns of the granted precoding matrix in such a way that the phase relationship between antennas belong to the same layer of the granted transmission are maintained in the retransmission [4].  
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Figure 2: Example of precoding derived from the latest grant in Alt. 1-2.
As with Alt. 1-1, full transmit power is maintained. In addition, precoder selection for retransmission has at least some relationship to the channel at the time of the grant.   However, the degree to which this relationship can be exploited and the significance of the any gains obtained by improved retransmission precoding is not clear.  In addition the impact on the specification may not be minor since, depending on the functions 
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, the precoders 
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 may not be in the currently agreed codebook.  An example is the column merging scheme suggested in [4] .  As shown in Figure 3 for the case of rank-3 precoding with the first codeword being ACKed, even though the precoding matrix in the latest grant is from the rank-3 codebook, the resulting rank-2 precoder used for retransmission may not, and thus suboptimal performance.
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Figure 3: Column merging in Alt. 1-2.
2.3. Alt 1-3: Precoder Cycling

Alternatives 1-1 and 1-2 can be extended by allowing the retransmission precoder to vary with time, for example either with subframe number or redundancy version.  Potentially, varying precoding over retransmissions provides spatial diversity [2].  The greatest gain would be with respect to Alt 1-1 where retransmission BLER is limited by essentially a random choice of precoding matrices.  While varying precoding over time could reduce the error rate of second and third transmissions, the contribution to throughput from TBs decoded with more than one retransmission is limited and therefore the expected throughput gains with this scheme are minimal.
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Figure 4: Precoding cycling in Alt. 1-3
2.4. Alt 2: Precoding of the Latest Grant
In Alt. 2,  precoding for retransmission of a CW is performed using  a subset of the columns of the precoder assigned in the latest grant [5]

 REF _Ref273956544 \r \h 
[6]

 REF _Ref273956546 \r \h 
[7]. As shown in Figure 5, the columns of the precoding matrix assigned in the latest grant which correspond to the CW to be retransmitted are reused for the retransmission. 
By matching the CW’s precoding used for retransmission with the precoding assigned to that CW in the latest grant, this approach adapts the precoding to the current channel.  However, unlike the previous alternatives full transmit power cannot be achieved unless PA pooling is used or the PAs are over-provisioned by 3 dB.    
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Figure 5: Precoding according to latest grant in Alt. 2.
2.5. Alt 3: Precoding Used for TB with Largest Size in Latest Grant
Alt. 3 reuses a subset of the columns of the precoding matrix assigned in the latest grant. The subset of columns chosen are those used for precoding of the CW with the largest TBS [2].  The motivation of this approach is to retransmit the CW on the set of spatial layers which yield the largest spectral efficiency.  As shown in the three layer example Figure 6, when the first CW—mapped to a single layer in the latest grant— is to be retransmitted, it is again mapped to the same precoding vector used in the granted transmission if its TBS is greater than that of CW2. On the other hand if CW2 had the large TBS, then CW1 is retransmitted with second and third columns of the precoding matrix, i.e. those that were assigned in the latest grant for the CW2.  Similarly, the second CW —mapped to two layers in the latest grant— is mapped to a single layer if its TBS is less than the TBS of the first CW.  Otherwise it is mapped again to the same two layers.  

With this scheme a TB that was mapped to two layers in a grant may be retransmitted on a single layer which in general would require a different number of bits to be read from the circular buffer for the retransmission compared to granted transmission. Of course this can occur in Rel. 8 in adaptive retransmission when, for example, a grant subsequent to the TB’s original grant reduces the size of the RB allocation by a factor of two and leaves the  modulation order unchanged.  It does not occur in Rel. 8 however for PHICH-triggered retransmissions and therefore additional implementation changes relative to Release 8 may be needed.
Similar to Alt-2, Alt-3 does not allow maximum transmit power without over provisioning PAs and also may utilize precoding matrices that are not in the current codebook.
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Figure 6: Precoding according to the maximum TB size in Alt. 3.
2.6. Alt 4:  Single Port Retransmission 
In Alternative 4, all retransmissions take place on the single antenna port used for single antenna port transmission mode and single antenna port fallback transmission [1].  Full transmit power can therefore be achieved without resorting to PA pooling or PA over-provisioning. Specification impact is small since single port transmission mode is already defined.  
One possible issue with this alternative occurs when the eNB schedules an MU-MIMO user for the same subframe as the PHICH-triggered single-port retransmission. Since single-port SRS is not present (configuration of both single port and two-port SRS is not currently allowed), it may be argued that the eNB cannot predict the interference which will be caused by the PHICH-triggered retransmission.  In practice however this limitation has little impact on overall MU-MIMO performance since with all of the above alternatives, the precoding used for retransmissions is not optimized for MU-MIMO.  If it is desired to maximize MU-MIMO performance, the eNB can always schedule an adaptive retransmission.  
As shown in Figure 7, this alternative may require retransmission on a single layer of a TB that was transmitted on two layers as specified in the latest grant. As with Alt. 3 this may require transmission of a different number of coded bits relative to the transmission corresponding to the latest grant.
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Figure 7: Single Port Transmission with Alt. 4
3. Discussion and Proposal
The alternatives can be grouped into two categories:  a) Alt 1-1, Alt 1-2, Alt 1-3 and Alt. 4: Those that retain full transmit power but precode at least some layers differently than in the granted transmission; and b) Alt 2 and Alt-3 : those that can utilize only up to 50% of maximum transmit power but which precode layers identically between granted transmission and retransmission.  Our general preference is to retain the ability to transmit at full power. However, limiting maximum transmit power in some circumstances is acceptable.  Between 2 Tx and 4 Tx transmission modes and differing transmission ranks in the case of 4 Tx, there are multiple cases to consider with the tradeoff being different for each case.  Below we examine each case in the context of this tradeoff.
. 
3.1. 2 Tx

With 2 Tx antennas, the precoder is not chosen based on channel conditions and therefore there is little advantage in sacrificing maximum transmit power for selecting one antenna over the other.  In fact depending on PA configuration, either antenna could be transmitted with full power with, e.g. a Tx switch.  The full tx power alternatives are therefore to use constant precoding matrix, cycling precoding matrices, or single port transmission.  When the transmit array is uncalibrated, using a fixed precoding matrix effectively points a beam at angle determined by the relative calibration phase error between the elements.  In high correlation environments there is therefore a danger of directing a null in the direction of the eNodeB.  While it is also possible to point the beam in this direction and obtain gain, the variability in channel gain will tend to be larger than transmitting with a single antenna port. As mentioned above, we don’t expect MU-MIMO to offer much gain with fixed precoding and therefore the reduced interference variability of single antenna port transmission makes this mode appropriate for 2 Tx retransmissions.
Proposal: Use single-antenna port retransmission for 2 Tx retransmissions.

3.2. 4 Tx Rank 2

Here the retransmission is again rank 1 and the same observation on variability of channel gain applies when using a fixed retransmission precoder.  Single port transmission would therefore still be a good choice.  Alternatively, since the column of the precoding matrix corresponding to the codeword to be retransmitted indicates preferred co-phasing, denoted as 
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, for two antenna elements, a rank 1 precoding vector of the form 
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 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1)

which attains full power utilization is also a reasonable choice. This choice is well suited to cross polarized antennas configurations in highly correlated environments.

Proposal: For 4 Tx Rank 2 use either use single-antenna port transmission or a precoding vector of the form in (1)

.

3.3. 4 Tx Rank 3

Single Layer Retransmission
For rank 3 there are two sub-cases to consider depending on which codeword is to be retransmitted. If the first codeword is to be retransmitted, co-phasing according to the phase difference between first and second elements of the first codeword should be used: 
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Proposal: For 4 Tx Rank 3 retransmission of the first (single layer) codeword, reuse the cophasing between elements 1 and 2 on elements 3 and 4 as given in (2)

.
Two Layer Retransmission
Similar to the cases above, full transmission with identical cophasing between elements should be applied to the two layer retransmission case:
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Proposal: For Rank 3 transmission, retransmission of the second codeword (i.e., TB with 2 layers), the cophasing between elements of the first codeword’s precoding vector could be reused as show in  (3)

. 
If it is decided that full transmit power is not required, retransmission of the second codeword can be achieved with 2/3 of the total transmit power with approach 1-2, basing the precoder on the precoder assigned in the grant.  Namely, the first column of the granted precoder is used along with either of the second and third columns.  The co-phasing of the first column can be reused which maximizes combining gain for the first two antennas.  Assuming the second column is be reused gives the mapping between granted precoder and retransmission precoder:
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Proposal: Rank 3 retransmission of the second codeword (i.e., TB with 2 layers) could also use the first and either second or third columns of the granted precoder as given in (4)

. 

3.4. 4 Tx Rank 4
Because only a single precoder is defined for rank 4, there is no information available in the grant on which to base the choice of retransmission precoder, i.e. Alt. 1-2 is not applicable and therefore the alternatives above reduce to a) incurring a 50% maximum power utilization penalty by reusing two columns of the precoding matrix, b) risking a large drop in channel gain with a fixed precoder or c) applying precoder cycling.  A better alternative is to signal a retransmission precoder as part of the six bit precoding indication sent in the grant of a rank four transmission.  The table below illustrates an example. Of the 64 entries in the 4 Tx pmi field, the first 52 are used to indicate ranks 1, 2, and 3.  Six additional entries are used for rank 4 transmission, each corresponding to rank 4 identity precoding for the granted transmission and a different precoder for the retransmission.  BPSK precoding over the three groups of elements in the rank 1 codebook can be used to yield six retransmission precoders.
Field entries
       Precoder 

             Retransmission Precoder

---------------                ----------                                    ------------------------------

0-23                             rank 1 precoders 0-23             N/A

24-39                           rank 2 precoders 0-15             N/A

40-51                
       rank 3 precoders 0-15             N/A

52                                rank 4 identity                         rank 2 retransmission precoder 0

53                                rank 4 identity                         rank 2 retransmission precoder 1

…

       …


            …

57                               rank 4 identity                         rank 2 retransmission precoder 5

This allows power efficient retransmission with channel-based precoding without incurring additional downlink signalling overhead.

Proposal: Signal additional precoder for use in retransmission only, along with the rank-4 PMI (i.e., identity matrix) as part of the 6-bit PMI indication in the DCI format.
4. Conclusion

This contribution reviewed the alternatives for PHICH-triggered retransmission and gave recommendations for 2 Tx and 4 Tx cases of different ranks:

· 2 Tx
· Use single port transmission

· 4 Tx

· Rank 2
· Use either use single-antenna port transmission or a precoding vector of the form in (1)

.
· Rank 3: First CW Retransmission

· Reuse the cophasing between elements 1 and 2 on elements 3 and 4 as given in (2)

.
· Rank 3: Second CW Retransmission

· Reuse the cophasing between elements of the first codeword’s precoding vector should be reused as show in  (3).
· If maximum transmit power is not required, retransmissions of the second (2-layer) codeword should use the first column and either second or third columns of the granted precoder as shown in (4)

.
· Rank 4

· Signal additional precoder for use in retransmission only, along with the rank-4 PMI (i.e., identity matrix) as part of the 6-bit PMI indication in the DCI format.
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