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Introduction
In RAN1 #66 meeting, change requests on the PUCCH modes were approved for TM 9 with 8 CSI-RS ports. However, even with the modification, it was found that there are situations in which the feedback information is calculated based on improper previous feedback information as described in [1]. In Release 10, the wideband first PMI value is calculated conditioned on the last reported periodic RI. The wideband or subband PMI is calculated conditioned on the last reported periodic RI and the wideband first PMI. Assume that the reported RI has changed and is followed by a second PMI and CQI. In such a situation, UE would require a first PMI in order to determine the second PMI and CQI but since the RI value has changed after the lastest first PMI report, this first PMI value would no longer be valid leaving the UE behavior undefined. Depending on how long this situation persists, the performance of UE and the system could be degraded significantly due to lack of proper channel feedback information from UE.
PUCCH mode 2-1 operation
Figure 1 shows an illustration of the problem situation. In Figure 1, the RI is changed in (c) and the second PMI and CQI are reported in the next coming report instance (d). In this case, the last reported first PMI is (b) and the last reported RI is (c). However, the last reported first PMI (b) is not calculated conditioned on last reported RI (c) but the reported RI (a). Therefore, it is unclear how the second PMI and CQI in (d) and (e) are calculated based on the last reported first PMI, because the first PMI might be not valid due to change of RI value.
[image: image1.png]Reporting
time

Rt
PTID

WB W1

WE W2
WE cal

WE W2
WE cal

(O]
WE W2
WE cal

O] U]

WE W2
weea  WVEW!

@

WE W2
WE cal

instance





Figure 1. An example of a situation where a valid first PMI is not available when a second PMI and CQI are calculated due to the change of RI value.
In addition, there exists another problem situation as illustrated in Figure 2. When RI and PTI (Precoding type indicator) are changed in the same time instance (a), the following second PMI and CQI does not have a valid first PMI which is supposed to be calculated based on last reported RI (a). Therefore, not only wideband second PMI and wideband CQI value in (b) but also sequential subband PMI and subband CQI values in (c) need to be calculated without a valide first PMI information.
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Figure 2. An example of a situation where a valid first PMI is not available when a second PMI and CQI are calculated due to the change of RI and PTI values at the same time instance.
Depending on how long this situation persists, the performance of UE and the system could be degraded significantly due to lack of proper channel feedback information from UE. Therefore, it would be beneficial if the specification support can be provided to alleviate this problem situation. 

Proposal on PUCCH mode 2-1
In TM 9 with 8 CSI-RS ports, the feedback reporting includes the first and second PMI in accordance with the dual codebook structure which was agreed in Release 10. The first PMI represents the wideband and long-term channel condition. The second PMI represents the subband or short-term channel condition. For a moderate UE mobility, even if the rank is changed, the change is not likely to be dramatic. Likewise, the wideband / long-term channel condition would not  change that much and the same wideband / long-term channel condition is fedback to the eNB. In particular, according to codebook structure of 8 CSI-RS ports, the first PMI of rank 1 and rank 2 are the same in the context of codeword and the index of the codeword. The same condition holds in rank 3 and 4. Also, the first PMI of rank 5, 6, and 7 are the same [2]. 
· 8Tx Codebook for rank 1 and 2
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· 8Tx Codebook for rank 3 and 4
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· 8Tx Codebook for rank 5,6, and 7
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Therefore, when RI is changed from rank 1 to rank 2 or vice versa, it would be likely that the precoder indicated by the first PMI would still be valid. In this case, we can re-use the first PMI to calculate the second PMI and CQI. In short, the same first PMI with the changed RI can be used to calculate the second PMI and CQI when rank is changed between rank 1 and 2, or between rank 3 and 4, or within rank 5, 6, and 7. For example, we can define three groups and if RI is changed within a group, then the first PMI can be considered valid for the changed RI and be used to calculate a second PMI and CQI. The RI groups are defined as shown below:
· Group 1: RI belongs to the set {1,2}

· Group 2: RI belongs to the set {3,4}

· Group 3: RI belongs to the set {5,6,7}

If rank is changed between different groups, (e.g. RI is changed from 2 to 3, or 5 to 4) then the first PMI indicates different wideband and long-term channel condition. In this case, a pre-defined first PMI can be assumed to calculate the second PMI and CQI. This pre-defined first PMI can be fixed in the specification.
Conclusions
In this contribution, we presented PUCCH mode 2-1 operation for the TM 9 with 8 CSI-RS ports. The following is proposed:

· If the last reported first PMI was computed under an RI assumption that differs from the last reported periodic RI and if the last reported periodic RI and RI under which the last reported first PMI was computed are included in the same set among the sets {1,2}, {3,4}, and {5,6,7}, then the selection of the second PMI is performed based on the first PMI with the same index of the last reported periodic RI.
· If rank is changed between different groups, (e.g. RI is changed from 2 to 3, or 5 to 4) then the first PMI indicates different wideband and long-term channel condition. In this case, a pre-defined first PMI can be assumed to calculate the second PMI and CQI.
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