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1. Introduction

Periodic CSI (CQI/PMI/RI) transmission on PUCCH for CA was discussed at the RAN1#61bis meeting. It was agreed that: 
· 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.

This contribution discusses the need, if any, for enhancements to the agreed baseline CSI (CQI/PMI/RI) reporting mechanism on PUCCH. Secondly, we propose multiplexing and dropping rules in the event of collisions between A/N feedback and CSI reports, and between CSI reports from different CCs. The related but separate issue of UCI multiplexing when the UE is configured for simultaneous PUCCH+PUSCH is treated in a companion contribution [1]. 
2. Discussion
The baseline agreement from RAN1 #61 calls for the independent configuration of PUCCH resources in time for CQI/PMI/RI reports corresponding to each DL CC. Consequently, it can be left to eNB implementation to configure the CQI/PMI/RI periodicities (Np, MRI) and offsets (NOFFSET, RI, and NOFFSET,CQI) for each CC such that the CSI reports of different CCs do not collide in time domain. 

For example, for the same CQI/PMI periodicity per CC, collisions can be avoided if the periodicity is at least as long as the number of configured DL CCs. This is achievable, due to several reasons:

· PUCCH report, in particular RI and wideband CQI/PMI, are closely related to the long-term channel statistics (e.g. geometry, angle-of-arrival/departure) which changes slowly in time domain even for medium mobility UEs. For example only marginal difference in DL performance is observed between 5ms and 20-50ms RI PUCCH periodicities [2], [3]. As such, a large PUCCH duty cycle is generally sufficient, making collision-free configuration of independent PUCCH resource possible. 

· In addition, carrier aggregation is usually applicable for low-mobility UE where the channel condition is stable enough to allow for heavy DL/UL aggregation. In this case, the channel variation rate is even slower, and a large CSI reporting cycle is sufficient. 
For some TDD configurations or for short PUCCH reporting cycles it may not be possible to avoid collisions between RI and CQI/PMI reports from different CCs
. In such cases there are two basic options, namely 

· Prioritize a CSI type and/or CC type by dropping reports from different CCs and/or CSI types, based on a pre-defined priority order.

· Support larger CSI payload format
2.1. Collision of CSI reports from different CCs

When CSI from different CCs collide the CSI type with the highest priority should be transmitted and the rest can be dropped. Similarly to Rel-8/9 the priority rules could be based on the reporting periodicity such that RI > wideband CQI/PMI > subband CQI. Applying this to CA, the CSI report with the longest periodicity should be transmitted for colliding CSI reports from different CCs. For the same CSI report type from different CCs additional priority rules are required. For example the PCell may have a higher priority than a SCell since the PCell cannot be deactivated. This becomes important if/when eNB-UE ambiguity occurs during MAC (de)activation of SCells [4]. For RI and CQI/PMI, it is proposed not to report RI of one CC with the CQI/PMI of another CC in the same PUCCH in order not to reduce the reliability of RI report. This can be left to eNB implementation. 
Proposal 

· For periodic report, it is preferred to have the same CSI mode (Mode 1 or 2) configured for all DL CCs. Note that the exact PUCCH reporting mode (e.g. mode 1-0/1-1, 2-0/2-1) can still be configured on various CCs.

· No concatenation of RI of different CC on PUCCH in the same subframe. 

· No concatenation of RI of a one CC and CQI/PMI of another CC on PUCCH in the same subframe. 

· Maximum RI and CQI/PMI payload per CC shall depend on the outcome of PUCCH CSI mode discussion. 

· Re-use Rel-8/9 RM code if RI and PMI/CQI payload does not exceed 11-bits.

Multiplexing rules are also required when periodic CSI collides with A/N feedback. 

1) When the parameter simultaneousAckNackandCQI is set to FALSE
a. Drop CQI and transmit the A/N on PUCCH Format 1a/1b or Format 3 according to the higher layer configured A/N feedback format.

2) When the parameter simultaneousAckNackandCQI is set to TRUE the baseline Rel-8/9 procedure is applicable for up to 2 A/N bits, i.e. CSI and A/N are multiplexed on PUCCH Format 2a/2b. For more than 2 A/N bits several options are possible including

a. Option 1: drop CSI and transmit A/N feedback on Format 3, or on Format 1b using channel selection.

b. Option 2: multiplex A/N feedback with at most one CSI report on PUCCH Format 3 (maximum 22 bit payload).

c. Option 3: bundle A/N bits and multiplex with at most one CSI report on PUCCH Format 2b.

Given these options it is unclear if the Rel-8/9 parameter simultaneousAckNackandCQI should apply for CA because CSI is always dropped if A/N collides with a CSI report when simultaneousAckNackandCQI is set to FALSE even if multiplexing of multi-bit A/N and CQI on PUCCH Format 3 is agreed. Moreover, it should be noted that this parameter is optional in Rel-8/9, and the default value is FALSE. For heavy DL traffic, especially for some TDD configurations, such A/N and CSI collisions are more the norm rather than the exception. Hence, in a Rel-10 system the parameter simultaneousAckNackandCQI is practically always set to TRUE if frequent dropping of CSI reports causes significant degradation of DL throughput. Hence, the simultaneousAckNackandCQI feature may be more important in Rel-10 for DL CA compared to Rel-8/9. As such we propose that the UE is independently configured for simultaneousAckNackandCQI in CA and non-CA cases. 
Proposal 

· Option 1 is baseline: drop CSI and A/N feedback on Format 3, or on Format 1b using channel selection.

· Consider independent configuration of simultaneousAckNackandCQI for CA and non-CA cases.

· Multiplex A/N feedback with at most one CSI report on PUCCH Format 3 (maximum 22 bit payload)

2.2. Enhanced CSI payload

Before considering enhanced CSI payloads it is helpful to consider the following design aspects

1) The PUCCH is an extremely narrow pipeline, which is limited in its feedback capacity and accuracy compared to PUSCH. Therefore, achieving the potential throughput offered by DL CA is more realistic with aperiodic CSI transmission. 
2) DL CA is mostly applicable for low-mobility UEs with good channel condition where the channel variation is typically slow and a large RI/CQI/PMI periodicity suffices.

3) Increasing the maximum UCI payload relative to Rel-8/9 systems should be considered only if such an increase significantly reduces CSI dropping due to collision events.

4) Enhancements to the baseline agreement should be considered within the context of the additional testing complexity that would be required. 

PUCCH Format 3 can be used to transmit a larger CSI payload, especially when frequent dropping of CSI reports is detrimental to DL throughput. Up to 22 bits can be encoded using the agreed dual-RM encoder structure [5], which in theory supports CSI multiplexing from 2 CCs if there is no A/N payload. However, it should be pointed out that this approach does not solve all collision problems. For example, heavy DL traffic on multiple CCs results in frequent multi-bit A/N transmission as shown in the previous section. For FDD in the extreme case of 10 A/N bits, corresponding to dual-CW transmission on 5 DL CCs, 11 CSI bits for 1 CC can be multiplexed with A/N on Format 3 but a colliding CSI report from any other CC will be dropped. 
It may be argued that an enhanced scheme should not optimize for a UE configured for 5 DL CCs but rather, for the Rel-10 requirement of 2 DL CCs. However, frequent dropping of colliding CSI reports may still occur for TDD given that one of the agreements at RAN1 #62bis states that [5] 
· For A/N feedback for TDD with PUCCH Format 3:

· Mode 1: 

· Supports A/N payload size of up to 20 bits

· If the number of A/N bits to be indicated would be >20, spatial bundling is employed

· No bundling is employed if the number of A/N bits is <=20 bits
· FFS whether a Mode 2 is also supported:

· Spatial bundling with time or CC bundling (the same bundling domain as for mode b) is employed in addition to spatial bundling in cases when the number of A/N bits to be indicated would be >x
Thus, for Mode 1 a Rel-10 TDD system requires up to 16-bit A/N feedback (spatial multiplexing on 2 DL CCs and scheduling PDSCH on 4 subframes), which leaves 6 bits for a CSI report in the event of CSI collision with A/N. 

Secondly, specifying CSI reporting on Format 3 means that the UE shall be semi-statically configured with a separate PUCCH Format 3 resource because it can only use the assigned A/N Format 3 resource if there is a collision of A/N feedback with a CSI report. Consequently, the resulting options are

1. The UE is semi-statically configured with a Format 2 resource and a Format 3 resource for Rel-10 CSI transmission 
a. When there is no collision of CSI reports from different CCs it uses the Format 2 resource 
b. When there is a collision of CSI reports from different CCs it uses the Format 3 resource to multiplex up to 22 CSI bits. 
2. The UE is semi-statically configured with 1 CSI PUCCH resource 
a. Format 2 resource: it can only transmit 1 CSI report and drops any other colliding report based on predefined priority rules.

b. Format 3 resource: it can transmit multiple (e.g. 2) CSI reports in case of a collision. 
Given the numerous combinations of CSI types that can be multiplexed the performance improvement may not justify the testing and specification complexity. It is noted that the eNB still has the option of scheduling aperiodic CSI transmission in the case of frequent dropping of CSI reports. 

Proposal 

· Enhanced payload on Format 3 is only considered for multiplexing A/N feedback and a single CSI report from one CC.
· For TDD spatial and time-domain bundling of A/N bits can be employed to multiplex A/N and CSI feedback.
3. Conclusions
Several issues related to periodic CQI/PMI/RI transmission on PUCCH are discussed in this contribution. Our preferences are
Proposal: 

· No concatenation of RI of different CC on PUCCH in the same subframe. 

· No concatenation of RI of a one CC and CQI/PMI of another CC on PUCCH in the same subframe. 

· Maximum RI and CQI/PMI payload per CC shall depend on the outcome of PUCCH CSI mode discussion. 

· Re-use Rel-8/9 RM code if RI and PMI/CQI payload does not exceed 11-bits.

· Consider independent configuration of simultaneousAckNackandCQI for CA and non-CA cases.

· Enhanced payload on Format 3 is only considered for multiplexing A/N feedback and a single CSI report from one CC.
· For TDD spatial and time-domain bundling of A/N bits can be employed to multiplex A/N and CSI feedback.
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� UE behaviour in case of RI and CQI/PMI collision from the same CC is already specified in Rel-8/9.
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