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1 Background

In RAN1#61, the following Tdoc was discussed and an agreement was reached. 

	R1-103035
	UL SU-MIMO precoding in PHICH-triggered retransmissions
	Samsung
	 


Decision: The document is noted.

Agreement
· Specification-based solution is needed. Continue discussion until next meeting on the exact method. 

R1-103035 discussed the following issue: 

Two transport blocks (say TB1 and TB2) are transmitted with a precoding matrix P of rank R.  One transport block (TB1) is decoded correctly and the other TB (TB2) is not.  The eNB requests a non-adaptive retransmission of only TB2 by sending an ACK on PHICH resource for TB1, and a NACK on PHICH resource for TB2.  What precoding matrix, Pr, or what mechanism should be used for the retransmission of only TB2?

The following section analyzes possible options.

2 Precoding with Non-Adaptive Retransmissions 
Three alternatives for the choice of precoding matrix in the above scenario were suggested in [1].  These alternatives along with several additional options are discussed below. 

1. Let the UE choose an arbitrary matrix. (Alternative 1, [1]).  Because the DMRS is precoded, the eNB does not need explicit knowledge of the UE’s choice of Precoder

Pros:

· No specification text is required.


Cons:
· The UE has no information on which to base its choice of precoding matrix.  Arbitrarily choosing a precoding matrix one could result in non-destructive interference between antennas.

2. The UE transmits the remaining TB using the same columns of the precoding matrix used in original transmission of the codeword to be retransmitted (Alternative 2, [1]).  It is also possible to use the column(s) corresponding to the successfully decoded codeword, e.g., in the case when the assigned MCS of the successfully decoded codeword is larger than that of the codeword to be transmitted [3].
        Pros:
· The remaining TB is transmitted with a precoding matrix (or vector) which was presumably optimized by the eNB.  Assuming a slowly varying channel, the BLER should be at least as good as the original transmission and potentially better due to reduction in inter-layer interference. 
Cons:

· Possible ambiguity in power control: should UE maintain the same total transmission power as before in 2-TB transmission or same per-TB power? 
· May not be possible to achieve 100% power utilization if both PAs in the 2-Tx case or both subset of 2 PAs in the 4-Tx case cannot reach 
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. This is due to the structure of the uplink precoding matrices where each row contains only one non-zero column.

· Even possible with PA over-provisioning, half of the PAs will adjust to deliver 3dB more power, a power control adjustment step that can introduce some large power control errors.
3. Use a predefined precoding matrix on retransmissions (Alternative 3, [1]).  Specifically, either a fixed predefined matrix can be used or the precoding matrix may be determined based on the System Frame Number and Subframe Number, UE’s retransmission sequence number (RSN), etc. Alternatively, the predefined precoding matrix can be a fixed matrix or can cycle among a set of precoding matrices during each retransmission.

Pros:
· Full power PA power utilization can be achieved.
· Potentially some gain due to spatially diversity.
Cons:

· Fixed predefined precoding matrix will not be optimal for different channel conditions. Spatial diversity induced by precodimg matrix cycling will only be obtained after multiple retransmissions in which time the maximum number of transmission may have occurred.

4. Use single-antenna transmission mode.  Fallback transmission to a single transmit antenna is already required by the specification (e.g. when transitioning from UL MIMO grants 2 TBs to DCI Format 0 grants and vice-versa).  

Pros:
· Simple to specify since single-antenna transmission will be defined in the spec for use with DCI format 0 scheduling assignments.

Cons:

· Effectively limits MIMO mode to original transmissions and retransmissions where both TBs failed decoding at the first transmission.

· Need to clarify that if single transmit antenna mode will maintain the same total power as before in 2-TB transmission or not.

5. Use the same precoding matrix P that was used for the original transmission but transmit only a single codeword.  This could be accomplished several ways:

· Transmit the same TB on both codewords and/or mapping a single codeword to three or four layers.


Pros:
· Under slowly-varying channel conditions, the optimal precoding matrix (for the transmission rank of the original transmission) is used for retransmissions. 


Cons:

· SIC is not possible since a single transport block is being transmitted on all the layers. Transmitting exactly the same content in all layers essentially results in a rank-1 precoder that is the column sum of the precoding matrix (as a special case of option- 7 below). If symbol content is made different in each layer (but corresponds to the same information content), mutual interference between layers will occur.  
6. Send ACK on both PHICH for TB1 and TB2, and send an adaptive retransmission for TB2 while disabling TB1
Pros:
· Option is already supported.

Cons:
· If grant is a non-MIMO grant, then there is a need to identify which TB has to be retransmitted. Can use a bit in the grant, or via CRC masking of DCI Format 0 or distinguish by comparing the TBS signalled in the grant with the TBS of TB1 and TB2 (Does not work when the two TBs are of same size). Use same method for 2 TB->1TB transition as Rel-8 DL. 

It is also possible to define additional complex solutions such as specifying the UE to use the last precoding matrix of the retransmission rank which occurred within a pre-determined amount of time.  However, this is not a complete solution since such a precoding matrix may not exist (for example in the pre-determined time window) and therefore requiring an additional solution.

7. Precoding Column Compression [2]:  Columns of the precoding matrix assigned for the original transmission are merged to form a precoding matrix with a number of columns equal to the number of layers used for the non-ACKed codeword in the original transmission.  The merging is performed such that equal layer has equal transmit power.
Pros:
· Can fully utilize all PA power during retransmissions.

· eNB is aware of the precoding matrix that will be used for retransmission and therefore can take into account the associated interference when scheduling MU users.

Cons

· Destructive cancellation may occur when two columns are compressed to one. 

· Resulting rank 2 precoding matrices may not be consistent with existing definition. 
3 Preferred Solution

Our preference, based on simplicity, is Option 4, perform retransmissions in single antenna transmission mode. This works adequately for a TB that was originally transmitted on one layer, even though it is not optimal for a re-transmitted TB that was originally transmitted on a two layers. However, Option 4 is simple and easy to specify and addresses the problem. Note that the eNB can always use adaptive retransmissions if it wants the UE to retransmit a transport block using two layers. If Option 4 in conjunction with adaptive retransmissions via UL grants is not deemed sufficient, a less preferred but still potentially acceptable is Option 3, use a predefined precoding matrix for retransmissions.
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