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1. Introduction
In RAN1#47bis, the fixed 2+2 codeword-to-layer mapping became the working assumption for rank-4 transmission based on the inputs from several companies [1, 2, 3]. However, some issues related to system flexibility and implementation complexity were raised by the proponent of 1+3 mapping. In particular, the proponent of 1+3 mapping requested further study regarding the following issues:

· CQI accuracy when rank override is performed at the Node-B 
· Implementation complexity

In this contribution, the above two issues are discussed. 
2. CQI Accuracy When Rank Override Occurs
The 2+2 and 1+3 mappings are depicted in Figure 1. The CQI is defined based on the mapping patterns. We assume that the CQI is defined per codeword. That is, two CQIs (e.g. 1 base CQI + 1 delta CQI) are fed back to the Node-B. Denoting the CQI associated with the n-th codeword as 
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 and the l-th layer CQI as 
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,  the CQIs for codeword 1 and 2 can be written as follows:
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Figure 1. 2+2 and 1+3 mapping patterns for rank-4 transmission

Here, 
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is an averaging function. Notice 
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is composed of only 1 layer. Hence, one might hastily stipulate that the 1+3 mapping yields a more accurate CQI in case the Node-B overrides the rank selection/recommendation from the UE (e.g. from 4 to 1). However, the following should be considered:

1. Although
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)

13

(

1

g

=

CQI

 is associated with a single layer transmission, it does not provide an accurate CQI for rank-1 transmission:

a. For LMMSE receiver, 
[image: image9.wmf]1

g

corresponds to a rank-4 transmission and hence includes the spatial interference from the other 3 layers. The same holds for SIC receiver when the first codeword is detected first in the case of 1+3 mapping.
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b. To compensate for the difference, a fudge factor between 0 and 6-dB can be applied. But since the interference information is unknown, the resulting CQI is inherently inaccurate.
c. While it is possible to detect the second codeword first for 1+3 mapping, such detection ordering is intuitively inferior as demonstrated in [2]. 
d. The same can be argued for overriding rank-4 recommendation with rank-2 or 3. 
e. In the presence of significant CQI error (due to spatial interference), averaging may actually improve the accuracy due to the extra diversity.
Hence, both 2+2 and 1+3 mapping patterns suffer from some inaccuracy in CQI, 

2. While Node-B should be allowed to override any recommendation (rank selection, pre-coding) from the UE without any reason, this is typically done for an intelligent reason. For instance, when there is not enough data to be transmitted to the UE, a lower data rate is chosen which may result in rank override. 
a. However, lower order MCS per codeword may be selected to lower the data rate before performing the rank override. Hence, “intelligent” rank override may happen infrequently. While rank override is clearly supported by the DL signaling (L1/L2 control), it is unclear if the associated UL signaling support is beneficial due to its infrequent occurrence. 
b. Moreover, it is not clear why accurate CQIs are needed in this case. The Node-B may simply transmit the remaining data to the scheduled UE.
3. UE Complexity
With LMMSE or near-ML receiver, there should not be any difference in terms of implementation issues between the 2+2 and 1+3 mapping patterns. However, there is some difference with SIC receiver as depicted in Figure 2. Two potential sources of difference can be identified:

1. SIC buffering for cancellation
2. LMMSE-2 (LMMSE-1 is identical for 2+2 and 1+3)
For 1+3 mapping, we assume that CW1 is detected first as it offers better performance [2. In terms of the SIC buffering, we first assume that the same amount of Turbo decoder hardware is used for both mapping schemes. Denote 
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 as the amount of time available for decoding CW1 and CW2 (see Fig. 2). For the same amount of hardware, 
[image: image12.wmf]D

 is the same for 2+2 and 1+3 mappings. 
· Since the maximum size for CW1 is twice for the 2+2 mapping, the amount of time required to decode CW1 is approximately 2x longer for the 2+2 mapping. 
· To receive one 1-ms sub-frame of data, 
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£

D

-ms is required. A maximally efficient pipelined design will have 
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· Denote 
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 as the time required to receive and process the signal associated with CW1 up to the deinterleaver (see Fig. 2). In this case, 
[image: image16.wmf]1
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-ms. This is because the deinterleaver requires the entire sub-frame to be received before performing the operation.
Neglecting the latency associated with reconstructing CW1 for cancellation (which may be optimistic for 1+3 mapping), the amount of SIC buffering required for each mapping scheme is as follows:
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That is, the 1+3 mapping results in 25% additional SIC buffering compared to the 2+2 mapping with a maximally efficient pipelined Turbo decoder design. In practice, some inefficiency occurs which implies 
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-ms. In this case, the buffering requirement for 1+3 mapping relative to 2+2 mapping increases further. For instance, with 80% pipelining efficiency for the Turbo decoder (
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-ms), the increase in buffering requirement for 1+3 over 2+2 mapping is 29%. 
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Figure 2.SIC for  2+2 and 1+3 mapping patterns: red indicates the first SIC iteration
For LMMSE-2, it can be inferred from Figure 2 that 2+2 requires 2x2 LMMSE filter while 1+3 requires 3x3 LMMSE filter. Hence, 1+3 incurs higher complexity compared to 2+2 in terms of the computation of the LMMSE filter for the second codeword. Note that the complexity of LMMSE filtering is cubical with respect to the number of input streams/layers. Furthermore, improved performance can be attained when LMMSE-2 is replaced with a (near-)ML detector. In this case, 1+3 mapping will also incur additional complexity as it requires a 3x3 ML detector as opposed to 2x2 Ml detector for the 2+2 mapping. The complexity of a (near-)ML detector is between cubical and exponential with respect to the number of input streams/layers.
In addition to the above aspects, the 3x rate imbalance between two codewords occurs if 1+3 mapping is used in place of 2+2 mapping. Although rate imbalance across codewords occurs in multi-codeword systems, higher rate imbalance may pose more difficulty and additional challenge in implementation. 
Hence, by looking at the overall MIMO processing complexity, it is evident that 1+3 mapping incurs higher complexity compared to 2+2 mapping.
4. Conclusion

The rank override and UE complexity issues related to the codeword-to-layer mapping were discussed in this contribution. The following conclusions can be obtained:
· Overriding a rank-4 recommendation from the UE incurs CQI inaccuracy for both 2+2 and 1+3 mappings.  Although the first codeword of 1+3 mapping is composed of 1 layer, the associated CQI accounts for the spatial interference from the other 3 layers. This is incompatible with the CQI for rank-1 transmission. 
· 1+3 mapping requires a more demanding implementation and higher UE complexity compared to the 2+2 mapping mainly due to the need for larger SIC buffering and the LMMSE filter for the second codeword. The 3x rate imbalance caused by 1+3 mapping can be more challenging to implement. In addition, it is more difficult to support more advanced SIC-type receivers that uses near-ML detector in place of MMSE filtering.
Combined with the fact that 2+2 offers better performance than 1+3 [1-3], we recommend that current working assumption of 2+2 mapping remains unchanged. 
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