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1
Introduction
At RAN1#66 change requests related to PUCCH 2-1 operation were approved and incorporated into the specification.  While these changes have helped clarify the operation of this feedback mode, several corner cases exist in which the specification may lead to ambiguity between the network and the UE.  Specifically, this happens when the conditioning of the second precoding matrix indicator (PMI) on the last reported rank indicator (RI) and first PMI is unclear as last reported RI and first PMI are inconsistent. 
In our view the ambiguity can be corrected in two ways: 

1. A change to the specification is made that clarifies the conditioning in this special case 

2. The issue is left up to UE implementation. In this case a sentence should be added in the specification to clarify this. 

In our view, either alternative is acceptable since the goal is not to optimize the performance in the scenario in question, but just to remove the existing ambiguity. 
In this contribution, we discuss the implementation of the first alternative. For the second alternative, a similar added text in the specification suffices (cf. the attached draft CR [2]). 
2
Remaining issues of PUCCH 2-1 operation 
When PUCCH 2-1 CSI reporting is used with 8 CSI-RS ports, feedback reporting involves both first and second precoding matrices, in accordance with the dual codebook structure that was agreed in Rel-10. Furthermore, a precoding type indicator (PTI) was introduced that changes the reporting timeline for either of these precoding matrices. 

In PUCCH 2-1 reports of the first precoding indicator are separate from the second precoding matrix. Also, wideband/subband CQI always goes along with the reporting of the second precoding matrix indicator.  As reports of the first/second PMI are separate, it is necessary to clarify what assumption was made for the first PMI when reporting the second PMI.  Otherwise, the CQI information that is contained in the report of the second PMI cannot be uniquely attributed to a single precoder (as it is unclear what should be assumed for the first PMI). 

To resolve this issue, a change request was approved in RAN1#66 that clarifies this conditioning.  However, several corner cases remain in which the reporting timeline makes this conditioning impossible.  Specifically, this occurs when the last reported RI and the last reported first PMI are inconsistent, e.g., when the reported RI changes but a first PMI conditioned on that new RI has not yet been reported.  In this case, it is not clear how the second PMI should be computed, as it needs to be conditioned on both last reported RI and first PMI. 
The above issue occurs in several different contexts, which are addressed separately in the following sections.  Despite these multiple cases, the ambiguity can be addressed in a simple and unified manner by clarifying that whenever an inconsistency of RI and first PMI occurs, a specific codebook entry from the first codebook (consistent with the latest RI) is used.  That way, ambiguity is avoided with minimal specification change. 

If no consensus on the above change can be reached, the issue may alternatively be left up to UE implementation (by adding an appropriate sentence in the specification).  
2.1
Change of RI and PTI in the same report 

In line with PUCCH 2-1 operation, both RI and PTI are selected by the UE and reported simultaneously.  As such, a UE may send a report in which the RI differs from the previously reported RIs and in the same report the UE may select PTI=1.  In this case, there would be no further reporting instances for the first PMI (due to PTI=1) but at the same time the previously reported first PMI would not be consistent with the last reported RI value. 

While the above is clearly an undesirable behavior, it is not disallowed by the specification.  However, the reporting of the second PMI would be ambiguous in this case, as it is not clear how the UE should perform the second PMI selection.  As such, there is ambiguity between the eNodeB and the UE on what precoder was assumed for the purpose of the CQI computation.  

2.2
Reporting timeline for some choices of 
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A similar case occurs for some choices of the parameter 
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 which controls the periodicity of first/second PMI reports for PTI=0.  For certain settings of this parameter, it is possible that there is a reporting instance for the second PMI immediately after an RI/PTI report.  Therefore, a potential rank change while keeping PTI=0, may also lead to ambiguity in how the second PMI should be selected.  The issue is illustrated in detail in Figure 1. 
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Figure 1: Reporting timeline in which W2/CQI report cannot be conditioned on the last W1 report since RI has changed. The figure assumes J=3, K=2, H’=2, ICQI/PMI=4, IRI=2. As PTI=0 in the above examples, W2 and CQI reports are all wideband. 
2.3
Parameter reconfiguration 

Finally, in case of parameter reconfiguration, it is also possible that there exists a reporting opportunity for which no previously reported RI or first PMI are available, or in which these values are inconsistent. 
3 
Proposed correction to PUCCH 2-1
As pointed out earlier, all of the special cases mentioned in Section 2 can be addressed in a unified way by clarifying the conditioning of the second PMI.  In the latest version of the specification [1], the conditioning of the second PMI on first PMI and last reported RI has already been added.  Therefore, it is sufficient to clarify that whenever the values of first PMI and RI (which are to be used for conditioning) are inconsistent, the first PMI with the smallest index in the codebook subset is selected for the last reported value of the RI.  
4
Conclusions

This contribution presented several clarifications regarding the PUCCH 2-1 CSI reporting with 8 configured CSI-RS ports.  Specifically, it seems necessary to address how the second PMI is conditioned on the last reported first PMI in cases when the latest first PMI report is inconsistent with a later reported RI.  
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