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1. Introduction
In RAN1 session #63bis, there has been intensive discussion on how to decide the priority order of periodic CSI reporting when there is collision across multiple activated DL CCs and consensus has been achieved.  The agreements are shown as follows [1].

· For periodic CQI/PMI/RI reporting, the set of higher-layer configuration parameters as defined in Rel-8 are independently configured for each DL component carrier

· When simultaneous PUCCH + PUSCH is not configured:

· Periodic CQI/PMI/RI is reported for only one DL component carrier (CC) in one subframe
· For which DL CC is determined according to a priority:

· Prioritise between CCs based on reporting mode/type

· If the reporting mode/type is the same, prioritise by RRC-configured priority between CCs; RAN2 to decide details - send LS to RAN2 

· The same priority rule applies to both the case without PUSCH and the case with PUSCH
· CQI/PMI/RI for other DL component carriers is dropped

· For the determined DL CC, the same Rel-8 procedure in case of collision between RI, wideband CQI/PMI, subband CQI for the same CC applies
· In case of only periodic CQI/PMI/RI (without A/N) 

· When no PUSCH is available, reporting is done as in Rel-8 on PUCCH
· When PUSCH is available, reporting is done as in Rel-8 on PUSCH

· In case of collision between multi-CC A/N and periodic CSI on PUCCH:

· If the parameter simultaneousAckNackAndCQI is FALSE, CSI is dropped.

· If the parameter simultaneousAckNackAndCQI is TRUE, 
· Baseline is that CSI is dropped.
· Study further until RAN1#64 and revisit if a significant problem is identified and complete solution (e.g. based on PUCCH format 2b with bundling or format 3) is available.
However, there are still two issues remaining undecided.

1. Detailed priority rules for periodic CSI reporting when there is collision across multiple activated DL CCs

2. Mechanism for periodic CSI reporting when simultaneous PUCCH and PUSCH transmission is configured
This paper provides our views on these two opening issues and proposes solutions to resolve them.



2. Priority Rules for Periodic CSI Reporting
In RAN1 session #63bis, it has been agreed that periodic CQI/PMI/RI is reported for only one DL component carrier in on subframe and the priority of which DL CC is determined based on reporting mode/type first and then RRC-configuration if reporting mode/type is the same.  The detailed rules is still not decided yet, especially for the priority rules based on reporting mode/type.  In Rel-10, there are 10 feedback types and 4 feedback modes in periodic CSI reporting [2].  In order to prioritize each feedback type and mode, it is suggested to follow the following guidelines to design the priority rules.
G1.  Reuse Rel-8 priority order and extend it to Rel-10
        Because CSI feedback mechanism of Rel-10 is only the extension of Rel-8 and the basic system design philosophy is the same between two releases, there is no need to create a completely different priority order in Rel-10.
G2.  Long occupancy of periodic CSI reporting opportunities for a specific DL CC should be avoided

        Long occupany of periodic CSI reporting opportunities for a specific DL CC will result in no periodic CSI reporting for other DL CCs and thus degrade the DL scheduling efficiency for those CCs due to not knowing channel condidtion.  Though aperiodic CSI reporting can be used to compensate possible loss, this mechanism will introduce a lot of overhead in UL if aperiodic CSI reporting is triggered too often.  Therefore, certain randomization across DL CCs for periodic CSI reporting opportunities is preferred.
Since feedback modes are linked to transmission modes, which are configured semi-statically, priority order based on feedback mode will violate guideline G2.  To avoid this situation, it is suggested to prioritize feedback type over feedback mode or consider feedback type only in the priority rules.  The following is our first proposal.
Proposal #1: Feedback type is prioritized over feedback mode or consider feedback type only.
Feedback is prioritized over feedback mode:

· Follow the feedback type priority first

· If feedback type priority is the same, follow the feedback mode priority

· If feedback type and feedback mode priority are the same, follow RRC configuration

Consider feedback type only:

· Follow the feedback type priority first

· If feedback type priority is the same, follow RRC configuration
According to [3], there are only four feedback types in Rel-8, which means the additional 6 new feedback types are only applicable to Rel-10.  In addition, there is only one more transmission mode (TM9) in Rel-10, compared to Rel-8.  Therefore, these additional 6 new feedback types are only applicable to TM9.  If we prioritize the feedback type one by one for all 10 types, some transmission modes will be favored and thus results in the violation of guideline G2.  The same situation also happens in feedback modes.  A simple way to resolve this problem is to prioritize feedback types/modes by groups, instead of one by one.    The following is our second proposal.
Proposal #2: Feedback types and feedback modes are prioritized by groups, instead of one by one.
Comparing the supported feedback modes between periodic CSI reporting and aperiodic CSI reporting, not all feedback modes in periodic CSI reporting can be supported by aperiodic CSI reporting.  There are three feedback modes, mode 1-0, mode 1-1, mode 2-1, not supported in aperiodic CSI reporting.  It means that unnecessary feedback overhead may be introduced if aperiodic CSI reporting is triggered to compensate the loss of periodic CSI reporting.  In order to avoid this situation, it is suggested to prioritize the feedback modes which are not supported in aperiodic CSI reporting.  The following is our third proposal.
Proposal #3: Feedback modes which are not supported by aperiodic CSI reporting are prioritized.
Based on previous three proposals, a detailed priority rules for periodic CSI reporting is proposed as follows for an example.
Proposal #4: For which DL CC is determined according to a priority:
· Follow the feedback type priority shown as follows first

· Feedback type group #1:

· Type 6 (RI + PTI), Type 5 (RI + PMI), Type 3 (RI)

· Feedback type group #2:

· Type 2/2b/2c (wideband CQI + PMI), Type 4 (wideband CQI), Type 2a (wideband PMI)

· Feedback type group #3:

· Type 1a (subband CQI + second PMI), Type 1 (CQI for selected subbands)

· Priority order:

· Feedback type group #1 > Feedback type group #2 > Feedback type group #3
· If feedback type priority is the same, follow the feedback mode priority

· Feedback mode group #1:

· Mode 1-0, Mode 1-1, Mode 2-1

· Feedback mode group #2:

· Mode 2-0

· Priority order:

· Feedback mode group #1 > Feedback mode group #2

· If feedback type and feedback mode priority are the same, follow RRC configuration for the DL CC priority


3. Periodic CSI Reporting Under Simultaneous Transmission of PUCCH and PUSCH Configured
In RAN1 Session #63bis, the basic mechanism of periodic CSI reporting for the case of simultaneous transmission of PUCCH and PUSCH not configured is agreed.  For the case of simultaneous transmission of PUCCH and PUSCH configured, there is till no agreement yet.  For simplicity, it is suggested to apply the same mechanism no matter whether simultaneous transmission of PUCCH and PUSCH is configured.  However, there is one place which can be modified so as to further optimize the performance without introducing much complexity for eNodeB to monitor the CSI feedback when simultaneous transmission of PUCCH and PUSCH is configured.  
In the agreements for the case of simultaneous transmission of PUCCH and PUSCH not configured, the baseline solution is to drop CSI when there is collision of CSI and A/N even if the parameter simultaneousAckNackAndCQI is TRUE.  In Rel-8, since the number of bits for A/N feedback is small, there is no capacity issue to apply PUCCH format 2a/b to support simultaneous A/N and CQI feedback.  In Rel-10, the number of bits for A/N feedback can be upto 11 in FDD and 21 in TDD  so it is impossible to support this functionality when simultaneous transmission of PUCCH and PUSCH is not configured.  Nevertheless, if simultaneous transmission of PUCCH and PUSCH is configured, this functionality can be supported with A/N bits carried on PUCCH and CSI bits carried on PUSCH.  
If CSI is always dropped when there is collision of CSI and A/N, the parameter simultaneousAckNackAndCQI will become redundant in carrier aggregation mode.  A possible concern on allowing A/N bits carried on PUCCH and CSI bits carried on PUSCH when the parameter simultaneousAckNackAndCQI is TRUE may come form which PUSCH to carry CSI bits and it introduces another new issue regarding to the priority order of PUSCHs to carry CSI bits across UL CCs.  A simple solution to this problem is to allow this happening in Pcell only.  Our fifth proposal is shown as follows.
Proposal #5: Apply the same periodic CSI reporting mechanism in the case of simultaneous PUCCH and PUSCH not configured to the case of simultaneous PUCCH and PUSCH configured except the following points:
· In case of collision between multi-CC A/N and periodic CSI on PUCCH:
· If the parameter simultaneousAckNackAndCQI is TRUE,
· A/N bits are carried on PUCCH and CSI bits are carried on PUSCH if there is PUSCH on Pcell
· A/N bits are carried on PUCCH and CSI bits are dropped if there is no PUSCH on Pcell


4. Conclusion

In this paper, we provide our views and proposals on the remaining issues for periodic CSI reporting in carrier aggregation mode.  Proposals are summarized as follows.
Proposal #1: Feedback type is prioritized over feedback mode or consider feedback type only.

Feedback is prioritized over feedback mode:

· Follow the feedback type priority first

· If feedback type priority is the same, follow the feedback mode priority

· If feedback type and feedback mode priority are the same, follow RRC configuration

Consider feedback type only:

· Follow the feedback type priority first

· If feedback type priority is the same, follow RRC configuration
Proposal #2: Feedback types and feedback modes are prioritized by groups, instead of one by one.
Proposal #3: Feedback modes which are not supported by aperiodic CSI reporting are prioritized.
Proposal #4: For which DL CC is determined according to a priority:
· Follow the feedback type priority shown as follows first

· Feedback type group #1:

· Type 6 (RI + PTI), Type 5 (RI + PMI), Type 3 (RI)

· Feedback type group #2:

· Type 2/2b/2c (wideband CQI + PMI), Type 4 (wideband CQI), Type 2a (wideband PMI)

· Feedback type group #3:

· Type 1a (subband CQI + second PMI), Type 1 (CQI for selected subbands)

· Priority order:

· Feedback type group #1 > Feedback type group #2 > Feedback type group #3
· If feedback type priority is the same, follow the feedback mode priority

· Feedback mode group #1:

· Mode 1-0, Mode 1-1, Mode 2-1

· Feedback mode group #2:

· Mode 2-0

· Priority order:

· Feedback mode group #1 > Feedback mode group #2

· If feedback type and feedback mode priority are the same, follow RRC configuration for the DL CC priority

Proposal #5: Apply the same periodic CSI reporting mechanism in the case of simultaneous PUCCH and PUSCH not configured to the case of simultaneous PUCCH and PUSCH configured except the following points:
· In case of collision between multi-CC A/N and periodic CSI on PUCCH:
· If the parameter simultaneousAckNackAndCQI is TRUE,
· A/N bits are carried on PUCCH and CSI bits are carried on PUSCH if there is PUSCH on Pcell

· A/N bits are carried on PUCCH and CSI bits are dropped if there is no PUSCH on Pcell
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