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1 Introduction

There are some agreements related to periodic CSI reporting for carrier aggregation in the recent RAN1 meetings. 
In RAN1 #58bis meeting, the following has been agreed for periodic CSI reporting:

· Periodic CSI reporting for up to 5 DL CC supported

· Semi-statically mapped onto one UE specific UL CC

· Following Rel8 principles for CQI/PMI/RI

· Consider ways to reduce reporting overhead, e.g. DL CC cycling

· Consider ways to support extending CSI payload

In RAN1 #60 meeting, the following agreement has been reached for PUCCH UL CC:

· A single UE-specific UL CC is configured semi-statically for carrying PUCCH A/N, SR, and periodic CSI from a UE
In RAN1 #61bis meeting, the following has been agreed as a baseline for periodic CSI reporting:

· For periodic CQI/PMI/RI reporting for CA, at least configuration of different (in time) PUCCH resources for reports for each CC is supported. 

· Additional possibilities are FFS until RAN1#62.

However it has not been decided whether the configured reporting instances for different CCs can be collided and furthermore how to handle the collision. 
In this contribution, the issues of how to feed back the periodic CSI of multiple DL CCs on the PUCCH on a single UL CC and how to configure different PUCCH resources in time for each CC is analyzed and some possible solutions are given.
2 Transmission of periodic CSI on PUCCH for multiple CCs
In Rel-10, it has been agreed that periodic CSI reporting for up to 5 DL CCs on PUCCH on a single UE-specific UL CC should be supported. While if more than one DL CC reports CSI on PUCCH in the same subframe, collision happens. Whether the configured reporting instances for different CCs can be collided and furthermore how to deal with the collisions shall be considered. Some possible solutions are listed below.
Solution 1: eNB configures aligned periodicity and different offsets for different CC number
Since the baseline is to configure different subframes for different CCs, then the aligned periodicity and different offsets should be configured carefully for each CC to make sure of no collisions. For example, if there is only two activated CCs which need to feed back CSI, and the periodicity requirement is both 2ms, their subframe offset can be set to 0 and 1 respectively, then all the subframes with odd number will be used for CC1 to report, and all the even ones for CC2. 
Solution 2: UE feedback the CSI with high priority to fit the PUCCH capacity
Another solution is to keep more information not dropped by some predefined priority rules. If the total CSI bits of a subframe does not exceed the PUCCH capacity (e.g. 11 bits as Rel-8 or possibly larger bits in Rel-10 such as 13 bits), all the CSI can be simply combined to one PUCCH format 2 and nothing would be dropped. If the total CSI bits of a subframe exceed the PUCCH capacity, some key parts of CSI may be kept and the others may be dropped by some predefined priority rules to reduce reporting overhead to fit the PUCCH capacity.
More details about these solutions are discussed as below.
2.1 Solution 1: eNB configures aligned periodicity and different offsets for different CC number
Since the baseline is to configure different subframes for different CCs, then the aligned periodicity and different offsets should be configured carefully for each CC to make sure of no collisions. For example, if there is only two activated CCs which need to feed back CSI, and the periodicity requirement is both 2ms, their subframe offset can be set to 0 and 1 respectively, then all the subframes with odd number will be used for CC1 to report, and all the even ones for CC2. While if the number of activated CCs is large, e.g. 5 CCs, the collision is extremely serious. A possible way is to configure larger reporting periods, e.g. 5ms for all the CCs, and different offsets for different CCs, and then all the 5 CCs could be configured in different subframes. 

In Rel-8, the choice for periodicity of CSI reporting can be {2ms, 5ms, 10ms, 20ms, 32ms, 40ms, 64ms, 80ms, 128ms, 160ms} for FDD and {1ms, 5ms, 10ms, 20ms, 40ms, 80ms, 160ms} for TDD, and the choice for offset can be any value less than the period. We find that in Rel-10 all the periods of the CCs should have a greatest common divisor which is not less than the number of the CCs which need to report periodic CSI. The offset difference between any two CCs shall not be equal to an integer multiple of the greatest common divisor. If the periods and the offsets of all the CCs which need to report periodic CSI satisfy these two rules, then the collision can be avoid very well.

Then there are some scheduling restrictions. For 2 CCs, the coprime periodicity combinations should be restricted, including 5ms and any of {2ms, 32ms, 64ms, and 128ms} for FDD and 1ms for TDD. For 3 or 4 CCs, the satisfied periodicities to do TDM periodic reports can be chosen from the set {5ms, 10ms, 20ms, 40ms, 80ms, and 160ms} (for FDD and TDD) or {20ms, 32ms, 40ms, 64ms, 80ms, 128ms, and 160ms} (for FDD only). For 5 CCs, the satisfied periodicities to do TDM periodic reports can be chosen from the set {5ms, 10ms, 20ms, 40ms, 80ms, and 160ms} (for FDD and TDD)  or {32ms, 40ms, 64ms, 80ms, 128ms, and 160ms} (for FDD only).
Proposal 1: Aligned periodicity and different offsets can be configured for different CCs to make TDM based reporting.

Pros:

· Simple, less standardization efforts
Cons:

· Some scheduling restriction
· Not suitable to the situation with frequent report (e.g. 2ms) of more than 2 CCs
2.2 Solution 2: UE feedback the CSI with high priority to fit the PUCCH capacity
Another way is to keep more information not dropped by some predefined priority rules. If the total CSI bits of a subframe does not exceed the PUCCH capacity (e.g. 11 bits as Rel-8 or possibly larger bits in Rel-10 such as 13 bits), all the CSI can be simply combined to one PUCCH format 2 and nothing would be dropped. For example, there are 2 CCs which need to report CSI in the same subframe; both of them would feedback wideband CQI (4bits); then one format 2 transmission is enough for these two CCs to report multiplexed CSI.

If the total CSI bits of a subframe exceed the PUCCH capacity, some key parts of CSI may be kept and the others may be dropped by some predefined priority rules to reduce reporting overhead to fit the PUCCH capacity. The priority rule could be either one or multiple of the followings: 

RI is prior to CQI/PMI, wideband CQI/PMI is prior to subband CQI, the original information is prior to differential information, the information of the first cycle is prior to the consequent cycle, the same type information of the long period is prior to short, the first CW information is prior to the information of other CWs in MIMO case.
Then the parts of CSI can be sorted by the priority rules. The reporting sequence should be from the high priority to the low priority. If the highest priority part of CSI is fully filled in the PUCCH of the given subframe, then all the lower priority part can be dropped completely. While if the PUCCH capacity is enough to contain the highest priority part and the secondary highest priority part, the secondary highest priority part can be also contained on the PUCCH of the given subframe.

Proposal 2: Predefined priorities based on the reporting contents can be used to keep the CSI reporting not exceeding the PUCCH format 2 capacity.
For example, there are two-CC periodic CSI to be reported. The periodicity Np of CC1 is 2ms and the offset of CC1 is 2 subframes. And the periodicity Np of CC2 is 5ms and the offset of CC2 is 1 subframes. For CC1, wideband CQI/PMI and subband CQI feedback mode is selected, which CC2 only reports 8 bits wideband CQI/PMI. In the subframe {6, 16, 26, ... }, they collide. 
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When the 9bits subband CQI of CC1 and 4 bits wideband CQI of CC2 collide in the 6th subframe, the reporting sequence from the high priority to low priority should be 4-bit WB CQI of CC2 >4-bit SB CQI of CC1+2-bit SB label>3-bit differential SB CQI of the 2nd CW; then the 3-bit differential SB CQI of the 2nd CW should be dropped, and the WB CQI of CC2 and the SB CQI of the first CW of CC1 should be combined to fill in the 11-bit PUCCH capacity. 

However in the 26th subframe, the WB CQI of CC2 could be dropped, because the period for the 8-bit WB CQI/PMI of CC1 is 6ms which is longer than the period for the WB CQI of CC2.
Pros:

· High report quality precision
· Key part of the CSI can be reported
Cons:

· Some of the CSI information may be dropped

3 Transmission of periodic CSI on PUSCH for multiple CCs

In order to efficiently report periodic CSI with larger payload size on a Pcell, periodic CSI transmitted on PUSCH needs to be considered. If only PUCCH resource is used, due to the limited capacity on PUCCH, dropping CSI would occur too frequently and in some scenarios becomes unacceptable. For example:
· Scenario 1: More than 2 CCs are activated for a UE. In this case, it will complicate the eNB scheduler and limit the short-time period (NP) to avoid collisions. For example, in the case of 5 CCs configured, NP need to be more than 5ms at least for one CC to avoid collisions.

· Scenario 2: TDD configuration 1~5 combined with DL CA is configured. In this case, it seems impossible to avoid collisions, especially for configuration 2, 4 and 5 (less than 1/2 UL subframes in one radio frame). Although SRS can help to estimate CSI due to TDD channel reciprocity, it may not work when less UL CCs than DL activated CCs are configured with SRS.

Proposal 3: Periodic CSI transmitted on PUSCH need to be supported.

Three factors need to be considered when designing periodic CSI on PUSCH:

· The periodic CSI contents for wideband/subband reporting and for multiple CCs can be combined and then reported in the same subframe.

· Firstly, for each CC, the periodic CSI contents of wideband and subband can be combined into the same reporting instance, which is applicable for mode 2-0 and 2-1. For example, there are three reporting instances for a whole CSI reporting originally, but only one reporting instance is needed with combination as shown in figure 2.
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Figure 2 the periodic CSI contents in multiple reporting instances are combined

· Secondly, the periodic CSI contents in multiple CCs can be combined. For example, there are three reporting instances for a whole CSI reporting originally, but only one reporting instance is needed with combination as shown in figure 3.

[image: image3.emf]CC1+CC2+

CC3

CC1+CC2+

CC3

CC1+CC2+

CC3


Figure 3 the periodic CSI contents in multiple reporting instances are combined

This operation can obviously reduce the reporting instances, which has many benefits:

· It makes scenario 1 and 2  workable;
· It can reduce collisions between CSI and ACK/NACK, SR, and SRS;

· Dynamic PUSCH resource for periodic CSI is preferred.

There are two reasons: one is to assign good-condition channel as much as possible; another is to conveniently support contiguous RA when data transmission is scheduled.
Dynamic PUSCH RA can be indicated by UL Grant. In addition, just as aperiodic CSI triggering, periodic-CSI triggering without data transmission need also be supported.
· PUCCH format 2 resource(s) is not needed for the CC(s) configured with periodic CSI on PUSCH.
Proposal 4: The periodic CSI contents for wideband/subband reporting and for multiple CCs can be combined and then reported at the same subframe.
Proposal 5: PUSCH resource for periodic CSI can be dynamically scheduled.
Proposal 6: PUCCH format 2 resource(s) is not needed for the CC(s) configured with periodic CSI on PUSCH.
4 Conclusions
In this contribution, the issues of how to feed back the periodic CSI of multiple DL CCs on the PUCCH on a single UL CC and how to configure different PUCCH resources in time for each CC is analyzed and some possible solutions are given. Based on the analysis above, we have the following proposals:

For CSI reporting transmitted on PUCCH:
Proposal 1: Aligned periodicity and different offsets can be configured for different CCs to make TDM based reporting.

Proposal 2: Predefined priorities based on the reporting contents can be used to keep the CSI reporting not exceeding the PUCCH format 2 capacity.
For CSI reporting transmitted on PUSCH:

Proposal 3: Periodic CSI transmitted on PUSCH need to be supported.

Proposal 4: The periodic CSI contents for wideband/subband reporting and for multiple CCs can be combined and then reported at the same subframe.

Proposal 5: PUSCH resource for periodic CSI can be dynamically scheduled.
Proposal 6: PUCCH format 2 resource(s) is not needed for the CC(s) configured with periodic CSI on PUSCH. 
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Figure 1  Collisions between 2 CCs



