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1 Introduction

Multi-cell HARQ-ACK and single-cell periodic CSI will be jointly coded if the selected (according to Rel-10 rules) periodic CSI results to a total payload (together with HARQ-ACK and SR) of up to 22 bits; otherwise, only HARQ-ACK (and SR, if any) will be transmitted and periodic CSI will be dropped (as in Rel-10). No additional PUCCH Format 3 resource, other than the one indicated by ARI for multi-cell HARQ-ACK as in Rel-10, is configured. 
Additional aspects for multi-cell HARQ-ACK and single-cell periodic CSI multiplexing with PUCCH Format 3 remaining after RAN1#70 are:
a) Whether HARQ-ACK compression (bundling) can be used with HARQ-ACK and CSI multiplexing

b) Whether any specifications are needed to resolve the RI/PTI ambiguity issue

c) How to multiplex HARQ-ACK and CSI in case of joint support for CoMP and CA

This contribution considers the above FFS aspects. 

2 Remaining Aspects for CA HARQ-ACK and Periodic CSI
HARQ-ACK Bundling

The first FFS aspect is whether HARQ-ACK bundling should be supported for multi-cell HARQ-ACK and single-cell periodic CSI multiplexing. 
The main gains from this functionality occur for TDD where due to smaller number of UL subframes per frame than in FDD, HARQ-ACK and periodic CSI collisions can be much more frequent than in FDD. However, it is also for TDD that the HARQ-ACK payload is the largest and HARQ-ACK bundling, beyond the Rel-10 one for reducing the total payload to less than 22 bits, is needed as the required HARQ-ACK detection reliability cannot be met without significantly increasing overhead by reducing UE multiplexing capacity per PRB [1]. 

Multiplexing periodic CSI with HARQ-ACK using PUCCH Format 3 will obviously further degrade the combined detection reliability to the extent that although HARQ-ACK and CSI multiplexing will be supported by specifications, it will be challenging to broadly do so in practice especially in TDD where it is most beneficial. Moreover, due to the maximum payload limitation using PUCCH Format 3, the applicability of HARQ-ACK and CSI multiplexing in TDD will be limited without use of HARQ-ACK bundling, particularly for the more prevalent DL heavy configurations.
Therefore, a network should not be forbidden from configuring HARQ-ACK bundling in case of HARQ-ACK and CSI multiplexing with PUCCH Format 3. At least spatial domain bundling should be supported. Time domain bundling should also be considered. Although the benefit from HARQ-ACK bundling is most prominent for TDD, spatial domain bundling should not be precluded for FDD considering multi-cell support. Specification of the value(s) for total HARQ-ACK+CSI (+SR) payload leading to HARQ-ACK bundling is not needed (network implementation issue).
Proposal 1: A network can configure a UE to apply HARQ-ACK bundling at least in the spatial domain when multiplexing HARQ-ACK and periodic CSI using PUCCH Format 3.

Periodic CSI Payload Ambiguity
The second FFS aspect is whether any specifications are needed to resolve the RI/PTI ambiguity issue. Obviously, if the eNB erroneously detected the RI, it will also erroneously detect an associated periodic CSI report as the actual payload is different than the one the eNB assumes. This is one of the reasons why RI has a higher detection reliability requirement than CSI. When HARQ-ACK and periodic CSI are jointly coded, this legacy problem is exacerbated by the fact that HARQ-ACK may also be incorrectly decoded. An additional problem occurs when a SCell activation (or deactivation) is missed by a UE and periodic CSI is not included (or included) when the eNB expects otherwise (although this is a UE detection error, its effects are similar as when the RI is incorrectly detected by the NodeB).

In order to address the problem of incorrect RI detection, the suggestion in [2] is for a UE to always report the maximum periodic CSI payload. However, this has several disadvantages including reduced opportunities for supporting HARQ-ACK and periodic CSI multiplexing and worse BLER as the likelihood of using dual RM becomes practically certain (especially in TDD) and as the eNB will need to detect a larger total payload. Moreover, the previously described problem of incorrect activation/deactivation of a SCell is not solved.

In [3], it is suggested that a bit is reserved when HARQ-ACK and periodic CSI are jointly coded with PUCCH Format 3 in order to indicate whether periodic CSI for a configured cell is included or not. Clearly, this cannot solve the problem of incorrect RI detection and it is unclear how it will generally solve the problem of missed activation/deactivation of a SCell (e.g. in case of collisions, a periodic CSI report may still be included for a SCell with lower priority than the SCell for which the activation was missed by the UE). Also, as this single bit cannot be jointly coded with the remaining bits, its reliable detection is an issue.    

Incorrect periodic CSI detection in case of an associated incorrect RI detection is a legacy problem that is resolved to some extent by the higher RI detection reliability and by network implementation. The only additional issue in case of jointly coding HARQ-ACK and periodic CSI when RI is incorrectly detected relates to the affected HARQ-ACK detection reliability. However, as periodic CSI bits are appended to HARQ-ACK bits, this ordering allows a network to detect HARQ-ACK with minimal BLER impact regardless of the periodic CSI payload. 
If the same (single or dual) RM code is used for HARQ-ACK with or without periodic CSI then, if it considers appropriate, a network may detect HARQ-ACK by either assuming that the remaining bits in the RM codeword(s) carry actual information (worst case scenario) or by assuming the maximum supportable periodic CSI payload – whichever is more suitable for a particular case. As a UE will accommodate the additional CSI bits by increasing the PUCCH Format 3 transmission power (as if the periodic CSI bits were HARQ-ACK bits), the BLER loss will be small to none. If a single RM code is used for HARQ-ACK and a first periodic CSI payload (including no periodic CSI) and a dual RM code is used for HARQ-ACK and a second periodic CSI payload, the above can be further combined with a detection of two hypotheses (trivial to do for the RM code) and selection of the more likely one. Additionally, the HARQ-ACK detection may also be conditioned on the probability of incorrect RI detection or incorrect SCell activation/deactivation resulting to a negligible overall impact on the HARQ-ACK BLER in presence of periodic CSI payload uncertainties.    
Therefore, network implementation based approaches can resolve the periodic CSI payload ambiguity problem for HARQ-ACK detection and the overall performance and utilization of multi-cell HARQ-ACK and single-cell periodic CSI multiplexing may likely be better than with proposed specification based approaches. 
Observation: HARQ-ACK can be reliably received even in presence of periodic CSI payload ambiguities. 

Finally, as HARQ-ACK and periodic CSI multiplexing will be separately configured for PUCCH Format 2a/2b and for PUCCH Format 3, an issue was raised regarding the UE behavior when the fall-back mode is used for HARQ-ACK transmission (i.e. UE receives PDCCH/PDSCH only in the PCell for FDD and only in the PCell with SPS or DAI=1 for TDD). In such cases, no reason seems to exist for a UE to not follow Rel-10 operation (i.e. whether or not HARQ-ACK and periodic CSI multiplexing is supported by PUCCH Format 3 is irrelevant). 
HARQ-ACK and Periodic CSI Multiplexing for Joint CA/CoMP operation
As joint coding of HARQ-ACK and periodic CSI with PUCCH Format 3 is applicable only for single-cell periodic CSI, the case of CA and CoMP can be as the case of CA-only (using PUCCH format 2) while applying CoMP/CA rules for periodic CSI compression and report selection in case of collisions. If for CA and CoMP, PUSCH support for multi-cell/multi-carrier CSI reporting is not limited only to aperiodic CSI, multiplexing HARQ-ACK and multi-cell/multi-carrier periodic CSI in the PUSCH can be as in Rel-10 (with “aperiodic” CSI replaced by “periodic” CSI).
Transmission Power Control for HARQ-ACK and Periodic CSI Multiplexing with PUCCH Format 3
The Rel-10 transmission power control applies with the periodic CSI payload 
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 as described in [4] (same principle as in Rel-10 for joint coding of HARQ-ACK and periodic CSI for single-cell operation and extended CP – accuracy also verified in [5]). No new specifications are needed.
Proposal 2: The transmission power of a PUCCH Format 3 conveying both HARQ-ACK and periodic CSI is determined by adding 
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3 Conclusions

This contribution considered remaining aspects concerning the multiplexing of multi-cell HARQ-ACK and single-cell periodic CSI. In particular, the following are proposed.

Proposal 1: A network can configure a UE to apply HARQ-ACK bundling at least in the spatial domain when multiplexing HARQ-ACK and periodic CSI using PUCCH Format 3.

Proposal 2: The transmission power of a PUCCH Format 3 conveying both HARQ-ACK and periodic CSI is determined by adding 
[image: image7.wmf]CSI

n

 to 
[image: image8.wmf]HARQ

n

 in the respective formulas for 
[image: image9.wmf])

,

,

(

SR

HARQ

CQI

n

n

n

h

 in TS36.213.

No other specifications are needed in Rel-11 for transmitting HARQ-ACK and periodic CSI using PUCCH Format 3. 
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