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1
Introduction
In this contribution, some incomplete and inconsistent CQI reporting for open loop spatial multiplexing is identified. A simple way forward is proposed to address the incompleteness and the inconsistency. 
2
Discussion

2.1 Current Specification
For open-loop spatial multiplexing, CQI reporting can be categorized into the following:

· Aperiodic reporting using PUSCH: modes 2-0 and 3-0

· Periodic reporting using PUCCH: modes 1-0 and 2-0

However, current specification is not complete and not consistent in the derivation of CQI reporting in these modes, as summarized in the following table:
Table 1: Current Specification Regarding CQI Derivation for OLSM
	Mode
	CQI Derivation

	PUSCH Mode 2-0
	Subband report: Averaged over all layers

Wideband report: unspecified

	PUSCH Mode 3-0
	For the first codeword

	PUCCH Mode 1-0
	Unspecified

	PUCCH Mode 2-0
	Type 4 (wideband CQI) report: unspecified
Type 1 (UE selected sub-bands) report: average over all layers


As can be seen, the CQI derivation for some modes is based on averaging over all layers, while for PUSCH mode 3-0, it is based on the first codeword. Moreover, for PUSCH mode 2-0 wideband CQI report, PUCCH mode 1-0, and PUCCH mode 2-0 type 4 (wideband CQI) report, the CQI derivation is not specified.
2.2 CQI Derivation
To address the incompleteness and the inconsistency discussed above, we take RI=2 as an example and investigate the implication of receiver implementation (MMSE or MMSE-SIC). Assume that the channels for the two layers can be represented by 
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, respectively, where the 1st subscript represents the layer index, while the 2nd subscript represents the tone index. Further, assume that 
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MMSE Receiver:

The SNR at each layer for tone k can be derived as follows:
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while the SNR for each codeword across two adjacent tones can be given by
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Thus, 
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. The above (approximate) equality may not hold in some corner scenarios, i.e., when the number of tones is not divisible by the number of layers. But the probability of such events, and the introduced residue effect are rather very small and can be ignored.

Therefore, for MMSE receiver, CQI derivation based on first codeword results in about the same quality as that based on averaging over all layers.

MMSE-SIC Receiver:

In this case, the SNR for the 2nd codeword can be represented by:
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with 
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. In this case, CQI derivation based on the first codeword can provide accurate CQI information for the 1st codeword, and the CQI information for the 2nd codeword has to be estimated. On the other hand, CQI reporting based on averaging over all layers causes inaccuracy for both codewords. 

Note that CQI derivation has to be such that the resulting FER should not exceed 10% when a PDSCH is scheduled on its reference resource. For UEs with MMSE receiver implementation, there is virtually no difference in CQI derivation between the two approaches. However, for UEs with MMSE-SIC receiver implementation, it is more challenging to meet the performance requirement if CQI generation and reporting is spatially averaged.
Based on the above discussion, we propose a simple way forward to fix the incompleteness and the inconsistency in CQI derivation in the current specification:

Proposal: for all open-loop spatial multiplexing supported CQI reporting modes (on PUSCH or on PUCCH), the CQI derivation is always based on the 1st codeword.
3
Conclusions
· In this contribution, we point out the incompleteness and the inconsistency regarding CQI derivation for open-loop spatial multiplexing in the current specification, and propose a simple way forward:
· For all open-loop spatial multiplexing supported CQI reporting modes (on PUSCH or on PUCCH), the CQI derivation is always based on the 1st codeword.

The corresponding CR is already captured in [1].
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