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1. Introduction
Non-adaptive PUSCH retransmission in Release 10 is more complex than in Releases 8 and 9 due to the possibility of multiple transport block transmission being initiated by an uplink assignment on the PDCCH followed by acknowledgment of only one transport block on PHICH.  At RAN1#62bis an agreement was reached on how precoding should be performed.   Several unresolved issues were also discussed including 
· TB to CW mapping, e.g. scrambling code initialization

· DMRS resource assignment
· PHICH resource assignment
In each case the issue is whether parameters for a TB’s retransmission should be reused from the last grant or reset to values associated with a single TB transmission [1]

 REF _Ref277119349 \r \h 
[2].  In this contribution  we compare these two approaches in terms of specification impact and performance for each of the above parameters.  

2. Specification Impact
2.1. TB to CW Mapping and Scrambling Code Initialization

Currently, TB to CW mapping is defined in 36.212 Sec. 5.3.3.1.5, 5.3.3.1.5A or 5.3.3.1.5B in the context of DCI Formats.  For single transport block transmission, codeword 0 is always used.  For either the reuse or reset option, the changes needed for TB to CW mapping is the addition of text to clarify that the transport block to be retransmitted is mapped to codeword 0 in the case where the number of retransmitted transport blocks is less than assigned in the most recent grant.
Related to TB to CW mapping is scrambling code initialization.  Scrambling code initialization will be transport block dependent even not considering non-adaptive retransmission, for example with the initialization 
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  is currently defined as the codeword index.  No additional changes are needed for the reset approach as q = 0 would be used for single codeword transmission.  For the reuse method on the other hand, it would be necessary to define a new quantity, e.g. 
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 , representing the index of the codeword to which the transport block to be retransmitted was mapped in the last DCI.  
2.2. DMRS Resource Assignment

The DMRS assignment is specified in 36.211 of 5.5.2.1.1:

 The cyclic shift 
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where the values of 
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 is given by Table 5.5.2.1.1-2 according to the parameter cyclicShift provided by higher layers, 
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is given by the cyclic shift for DMRS field in most recent uplink-related DCI [3] for the transport block associated with the corresponding PUSCH transmission where the value of  
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 is given in Table 5.5.2.1.1-1. 
As with the codeword index for codeword scrambling, the current text is sufficient for the reset method since the cyclic shift index 
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 is referenced to the most uplink-related DCI.  For the reuse method, the port indices 
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 would have to be defined in terms of the ports used by the codeword which carried the TB to be retransmitted.  Because both 
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 and its subscript 
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 now refer to a previous UCI, the resulting text becomes more complicated in that now the physical channel specification must reference the TB to codeword mapping operation performed in 36.212.  Such a reference is not in the Rel. 8 and 9 specifications.

2.3. PHICH Resource Assignment
The PHICH resources for two transport blocks is given by 
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is mapped from the cyclic shift for DMRS field (according to Table 9.1.2-2) in the most recent PDCCH with uplink DCI format [4] for the transport block(s) associated with the corresponding PUSCH transmission
and
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For either the reuse or reset approach, the definition of 
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 needs to be associated with either the first transport block for PHICH-triggered retransmissions for the reset method or referred to the last DCI format as is done for the DMRS resource.  The required specification changes are similar in both cases.
Overall, the reuse has a larger impact to the specification due to the need in 36.211 to introduce the notion of the TB-to-codeword mapping to support codeword initialization and DMRS resource allocation.
Conclusion:  Reusing the codeword and DMRS resource indices introduces non-trivial changes into the specification due to the need to refer to TB to CW mapping into the physical channel descriptions.

3. Performance Aspects
The choice of reuse vs. reset approaches influences system performance in three ways:

1) Missed Detection of PHICH by the UE

As discussed in [1], operation of the reset and reuse approaches differ when PHICH detection errors occur at the UE.  There are two cases to consider.  The first cases occurs when (ACK,NACK) is misdetected as (NACK,NACK) causing both TBs to be retransmitted.  With the reset alternative, the second codeword is scrambled with q=1 at the UE and descrambled with q=0 at the eNodeB resulting in corruption of the second TBs HARQ buffer.  Assuming 10% BLER, this event occurs with probability of .01% assuming a misdetection error rate of .1%.  The second case is when (NACK,NACK) is misdetected as (ACK,NACK) causing scrambling to be performed with q=0 with the reset approach but again descrambled with q=1.  This event also occurs with probability .01%. If the average number of transmissions required for a TB to decoded correctly is 
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 without PHICH detection errors and 
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 reflects the layer 2 retransmissions needed to compensate for the HARQ buffer corruption), then the average throughput with the reset alternative is approximately 
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that of the reuse alternative.  The impact to throughput will therefore be less than .5% if 
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2) Channel Estimation Performance Based on Choice of Cyclic Shift
The reset alternative allows larger spacing between DMRS cyclic shifts which, it has been suggested, may aid in channel estimation.  However if the most recent transmission with DCI is rank 3 and the retransmission is rank 2, then six of the eight possible cyclic shifts would have different OCC with the reuse alternative vs. only two with the reset alternative.  It therefore is not clear which alternative would in the end have better channel estimation much less how significant it would be.

3) MU-MIMO Support

The reset approach allows a six cyclic shift separation for the retransmission which enables  MU-MIMO operation with another 2-layer UE.  It also simplifies scheduler implementation of MU-MIMO operation in that subframes with non-adaptive retransmission do not need to be treated as a special case due to CS availability. In other words subframes can be scheduled for MU-MIO operation irrespective of whether the subframe carries an adaptive or non-adaptive retransmission.
Conclusion:  The reuse alternative has a small performance benefit, on the order of less than 1%, at the cost of more restricted MU-MIMO operation and scheduler implementation.
4. Conclusions
Comparison of the alternative of reusing the scrambling code initialization, DMRS resource, and PHICH resources vs. resetting these parameters indicates the possibility for a small throughput gain at the expense of more cumbersome specification and implementation especially with respect to MU-MIMO operation.
· Our slight preference is to reset the scrambling code codeword index, DMRS resource, and PHICH resource to those values for single TB.
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