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1. Introduction

Periodic CSI (CQI/PMI/RI) transmission on PUCCH for CA was discussed at RAN1 #61bis and it was agreed that periodic CQI/PMI/RI reporting is independently configured for each CC. It was observed that independent configuration could lead to collisions between CSI reports from different CCs in the same subframe. Further discussion at RAN1 #63 led to two proposals, hereafter denoted as Proposal 1 [1] and Proposal 2 [2]. No consensus could be reached, even after email discussions following RAN1 #63, on the impact of dropped CSI reports in the event of collisions. This contribution attempts to finalize this issue in light of the time constraint with respect to a timely completion of the Rel-10 specification. Secondly, we propose multiplexing and/or dropping rules in the event of collisions between HARQ-ACK and CSI feedback when a UE is configured for CA. Finally, we consider CSI transmission during CC activation/deactivation.
2. Discussion
2.1. Single vs. multiple CSI reports per reporting instance
The basic premise of Proposal 1 from [1] is to maintain the Rel-8 feature whereby only one CSI report is transmitted at a reporting instance. As such if a collision of CSI reports from two or more CCs occurs, one report is sent while the others are dropped. The eNB strives to avoid such collisions by configuring different CSI reporting periodicities and/or offsets for each configured CC. For a moderate number of CCs in an FDD system this solution is feasible as described in several contributions (see e.g. [3], [4]). For TDD, collision avoidance is partly dependent on the UL-DL configuration e.g. configurations #2 and #4 are DL-heavy. It should be noted that

1) 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.
2) Frequent dropping should not be a significant issue for a Rel-10 system because at most 2 CCs are aggregated for a UE.

3) Aperiodic triggering is also available to the eNB in case of frequent collisions. 
The goal of Proposal 2 [2] is to prevent or minimize the frequency of dropped CSI reports by 

a) Increasing the CSI payload through concatenation of periodic CSI reports on a single PUCCH transmission or on a dynamic or SPS PUSCH transmission, or by
b) Specification of a periodic PUSCH to convey CSI reports for all activated CCs – in essence a new CSI feedback mechanism.

For Proposal 2(a) it is helpful to consider that 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. 
Increasing the CSI payload is feasible by employing PUCCH format 3, wherein up to 22 bits can be encoded using the Rel-10 dual-RM encoder structure for very large HARQ-ACK transmission. This structure (in theory) supports CSI multiplexing from 2 CCs, with a maximum of 11 CQI/PMI bits per CC, if there is no HARQ-ACK payload. Therefore, this solution is limited to at most 2 CCs as in Proposal 1 but with the added specification of defining a new CQI PUCCH format. 
Furthermore, CQI transmission using PUCCH format 3 may result in of two options, namely:

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 a single CSI PUCCH resource 
a. Using the format 2 resource it can only transmit 1 CSI report and drops any other colliding report based on pre-defined priority rules.

b. Using the format 3 resource it can transmit multiple (e.g. 2) CSI reports in case of a collision. 
Note that concatenation is also problematic in terms of performance. For example, concatenating 2-bit RI from 1 CC with, say, 9-bit CQI (PUCCH Mode 2-1, Report Type 1) from another CC on PUCCH format 2 degrades the accuracy of the RI report since the coding rate is increased from 0.1 to 0.55.  Regarding transmission of periodic CSI on SPS or dynamic PUSCH it is preferable for performance requirements that the same scheme is applicable for both PUCCH and PUSCH as is the case for Rel-8/9.
In Proposal 2(b) the UE is configured with a periodic PUSCH resource as described in [5]. While this scheme has the potential to avoid collisions between CSI reports (and also HARQ-ACK transmissions) it is essentially a new CSI feedback mechanism and would require significant specification work. 
At this stage of Rel-10 specification work it would seem more practical to defer consideration of new PUCCH formats or reporting mechanisms to Rel-11. Since a Rel-10 UE only supports 2 DL CCs we propose: 

Proposal: Adopt the periodic CSI reporting mechanism described in Proposal 1 [1].

Priority Rules

While Proposal 1 should be sufficient within the Rel-10 time frame it is nevertheless helpful to define priority/dropping rules in the event of a collision. Some simple rules include:

· Reporting periodicity: Similarly to Rel-8/9 priority where RI > wideband CQI/PMI > sub-band CQI prioritize the CSI report with the longest periodicity. 
· Cell index: using the cell index the PCC could be assigned the highest priority.
· RRC configuration: the eNB could rank the SCCs at RRC (re)configuration.
2.2. Collision of CSI reports and HARQ-ACK transmission
In this section we assume that at most one CSI report can be sent in a subframe. Thus, we consider collisions between HARQ-ACK and CSI feedback for 1 CC. Table 1 provides a list of collision events and possible solutions when a UE is configured with 2 CCs.

	Table 1 UL transmission scenarios in the case of A/N and CSI collision for 2-CC configuration
Scenario
	A/N
	CSI-CC1
	CSI-CC2
	Remark
	Action

	1
	√
	√
	
	Maximum of 11 CSI + 4 A/N bits 
	a) Drop CSI bits if simultaneousAckNackandCQI = FALSE
b) For format 1b with channel selection drop CSI bits

c) Format 3: drop CSI bits regardless of simultaneousAckNackandCQI state
d) Format 3: concatenate and transmit using dual-RM if simultaneousAckNackandCQI = TRUE
e) Spatially bundle A/N bits and transmit on PUCCH Format 2 if simultaneousAckNackandCQI = TRUE


	2
	√
	
	√
	Same as above
	Same as Scenario 1

	3
	√
	√
	√
	Maximum of 22 CSI + 4 A/N bits
	a) Prioritize one CSI report and multiplex with A/N using one option from Scenario 1, or

b) Drop both CSI reports


It can be seen that multiplexing of CSI and A/N may not be possible when the UE is configured for format 1b with channel selection. It is not recommended to specify different CSI/HARQ-ACK multiplexing schemes when the UE is configured for format 3 or 1b with channel selection. Therefore, it may be preferable to drop CSI (and rely on aperiodic CSI transmission), or consider spatial bundling of the A/N bits (when only 2 CCs are configured). 
Proposal 

· For CA when CSI collides with HARQ-ACK feedback

· Drop  CSI and transmit HARQ-ACK feedback on Format 3, or on Format 1b using channel selection
· For 2-CC configuration consider spatial bundling of the HARQ-ACK bits and multiplex A/N and CSI on PUCCH Format 2b.
2.3. UE-eNB misalignment during CC activation/deactivation
Secondary CCs are activated and/or deactivated by MAC signaling. During activation/deactivation the eNB and UE may be misaligned in their respective assumptions on the number of activated CCs. When a single CSI report is transmitted on the PUCCH the eNB either disregards the CSI report – if the UE wrongly assumes the CC is active – or the eNB uses DTX detection to determine if the UE assumes that the CC is active. However, when there is a scheduled PUSCH transmission on a periodic CSI transmission opportunity, it is more difficult for the eNB to determine if the UE multiplexed CSI and UL-SCH data on the PUSCH. One solution to this ambiguity was proposed in [6] wherein the UE transmits dummy bits for deactivated CCs. However it is not clear what constitutes dummy bits since all the CQI, PMI and RI codewords are possible. 
One exemplary solution is 
· CQI/PMI report: for a 4-bit wideband or sub-band CQI report select the all-zero codeword which would map to CQI index 0 in Table 7.2.3-1 in 36.213. Similarly for a 3-bit sub-band spatial different CQI report select the all-zero codeword in Table 7.2-2 in 36.213. The associated PMI bits can be discarded by the eNB since the CQI report is invalid.
· RI report: report rank 1.
3. Conclusions

Several issues related to periodic CQI/PMI/RI transmission on PUCCH are discussed in this contribution. It is recommended that 

· Adopt the periodic CSI reporting mechanism described in Proposal 1 [1].
· Specify priority rules based on periodicity and CSI report types.
· In case of collision between HARQ-ACK and a CSI report 

· Drop  CSI and transmit HARQ-ACK feedback on Format 3, or on Format 1b using channel selection
· For 2-CC configuration consider spatial bundling of the HARQ-ACK bits and multiplex A/N and CSI on PUCCH Format 2b.

· To resolve the issue of ambiguity during CC activation/deactivation the UE generates dummy bits for a deactivated CC when transmitting on PUSCH.
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