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1. Introduction

In RAN1#68bis, it was agreed that multi-cell periodic CSI multiplexing is supported in Rel-11:

	·  Multi-Cell Periodic CSI Multiplexing for DL CA is supported in Rel-11

· Based on existing UL channel formats (FFS which one)


In this contribution, we discuss the HARQ-ACK and CSI multiplexing when multi-cell periodic CSI transmission is configured.
2. HARQ-ACK and CSI multiplexing for multi-cell periodic CSI transmission mode
In order to reduce the CSI dropping caused by collision of multi-cell CSI reports, it was agreed that multi-cell periodic CSI multiplexing for DL CA is supported in Rel-11. In addition, we propose to support multiplexing of HARQ-ACK and CSI when multi-cell CSI transmission mode is configured to allow CSI transmission even when CSI subframe collides with HARQ-ACK transmission, because reduction of CSI dropping is the motivation of multi-cell CSI transmission support.
In case of PUSCH as a multi-cell CSI container, Rel-10 HARQ-ACK piggybacking on PUSCH can be used for HARQ-ACK and CSI multiplexing. When PUCCH format3 is used for multi-cell CSI, there are a couple of considerations to be made, which will be discussed in Section 3.
Proposal #1: HARQ-ACK and CSI multiplexing should be supported when multi-cell periodic CSI transmission mode is configured.
3. HARQ-ACK and CSI multiplexing on PUCCH format3
In the Rel-10 carrier aggregation, PUCCH format3 was adopted for multi-cell HARQ-ACK transmission when scheduled PDCCH with ARI (i.e. mAN: multi-cell HARQ-ACK), while PUCCH format 1a/1b is still used when HARQ-ACK transmission when a UE could not receive ARI (i.e. sAN: single-cell (Pcell) HARQ-ACK).

When it comes to multi-cell CSI (i.e. mCSI) transmission mode in Rel-11, Table 1 shows 3 UCI combinations in the CSI subframe and 2 alternative resource assignment methods for PUCCH format3 depending on the UCI combination, where mCSI can be multi-cell CSI or single-cell CSI(in case of independent configuration of CSI for each cell is kept). Note that non-CSI subframe operation will be the same as Rel-10.
Table 1: UCI combinations and resource assignment for PUCCH format3 

	UCI combinations
	PUCCH format & resource assignment in Rel-11
	Rel-10

	
	Alt1
	Alt2
	

	mCSI
	{UCH + mCSI} on Fixed F3
	{mCSI} on Fixed F3
	{CSI} on Fixed F2
(single CSI)

	mCSI, sAN
	{UCH + mCSI+sAN}

on Fixed F3
	{mCSI+sAN} on Fixed F3
	{CSI+sAN} on Fixed F2
(single CSI)

	mCSI, mAN
	{UCH + mCSI+mAN} 

on Fixed F3
(some CSI can be dropped)
	{mCSI+mAN}

on Adjustable F3 by ARI
(some CSI can be dropped)
	{mAN}

on Adjustable F3 by ARI
(CSI drop)

	UCH: UCI combination header

mCSI: multi-cell CSI (can be single-cell CSI by dropping)
	sAN: single-cell A/N (A/N bits w/o ARI in Rel-10)

mAN: multi-cell A/N (A/N bits w/ ARI in Rel-10)


When ARI is not available (either CSI only case or CSI with single-cell HARQ-ACK), resource for both UCI combinations is inevitably fixed to one resource indicated by RRC signaling. To eliminate ambiguity and keep eNB blind decoding requirement in the presence of PDCCH missing, using the same PUCCH format3 resource for both cases – mCSI only and mCSI + sAN – is preferable. 
For the case (CSI with multi-cell HARQ-ACK) where ARI is available, overall two approaches can be considered: fixed resource allocation (Alt1) and flexible resource allocation using ARI (Alt2) as the following:

<Alt1: Fixed 1 PUCCH format3 resource for all UCI combinations>
Alt1 uses the same PUCCH format3 resource as CSI only case for CSI and HARQ-ACK multiplexing. In case of Alt1, there is only 1 blind decoding for PUCCH format3, but ambiguity of control information field between UCI combinations should be solved. Reserving multi-cell HARQ-ACK field is not acceptable due to its inefficiency as the large size of multi-cell HARQ-ACK bits would not allow room for multi-cell CSI multiplexing. One approach is to attach UCI combination header (i.e. UCH) indicating the current contents in the UCI field of PUCCH format3 to all the UCI combinations as shown in Table 3 Alt1. It can be joint-coded with UCIs or RS-modulated.

<Alt2: Fixed 1 resource for mCSI & Adjustable resource by ARI for mCSI+mAN>
Alt2 uses different PUCCH format3 resource from CSI only case for CSI and HARQ-ACK multiplexing. In case of Alt2, due to exclusively separated resources for each case, additional blind decoding is needed, but it is reasonable comparing Rel-10 where there are blind decodings for PUCCH format2 and PUCCH format3. Instead, there is no ambiguity of UCI fields between CSI only case and UCI combination of CSI with multi-cell HARQ-ACK. However, ambiguity of UCI fields between CSI only case and UCI combination of CSI with single-cell HARQ-ACK is still remained. To avoid ambiguity, bit field for single-cell HARQ-ACK should be reserved in PUCCH format3 even for the CSI only case. Unlike multi-cell HARQ-ACK reservation, single-cell HARQ-ACK reservation only consumes maximum 2 bits, and could be implemented by bit field reservation in case of joint coding of CSI and HARQ-ACK or RS modulation of HARQ-ACK, which are similar to PUCCH format2 in Rel-10.

Comparing both alternatives, Alt2 is preferred in the perspective that it is similar to Rel-10 and it is free from propagation error of UCH bit error.
Proposal #2: In a CSI subframe where at least a single SCell HARQ-ACK is transmitted, periodic CSI is multiplexed with multi-cell HARQ-ACK on PUCCH format3 resource indicated by ARI.
4. Conclusion
In this contribution, we discuss the HARQ-ACK and CSI multiplexing when multi-cell periodic CSI transmission mode is configured. As a conclusion, we propose as follows:
Proposal #1: HARQ-ACK and CSI multiplexing should be supported when multi-cell periodic CSI transmission mode is configured.
Proposal #2: In a CSI subframe where at least a single SCell HARQ-ACK is transmitted, periodic CSI is multiplexed with multi-cell HARQ-ACK on PUCCH format3 resource indicated by ARI.
















































































































































