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1
Introduction
It was agreed at RAN1#60 that a single UE specific UL CC is configured semi-statically for PUCCH A/N, SR and periodic CQI from a UE [1]. But due to multi-carrier reception possibility in LTE-A, a new A/N transmission scheme is required to accommodate more than 2 bits of A/N [2]. Thus a new UCI multiplexing method such as multiplexing of multi-bit A/N (defined as more than 2 bits) and SR (Service Request) or multiplexing of multi-bit A/N and CQI should be considered. In this contribution we discuss possible UCI multiplexing methods for LTE-A.
2
Discussion
2-1
Multi-bit A/N and SR

In LTE Release 8 when a UE needs to transmit both SR and A/N simultaneously in a subframe, the A/N information is transmitted (mapped) to the reserved SR resource. So at SR-subframe (subframe where SR could be transmitted) eNB doubly detects both the A/N resource dynamically linked to the PDCCH CCE and the semi-statically reserved SR resource to receive SR information and A/N. As already mentioned in LTE-A a new A/N scheme for more than 2 bits of A/N shall be introduced such as PUCCH format 2 base, DFT-S-OFDM based. Thus in LTE-A a new multiplexing method for SR and A/N should be introduced. For designing a new multiplexing method concurrent transmission of multi-bit A/N and SR information should be supported considering importance of both UL/DL data transmission latency. In other words, A/N dropping or SR dropping due to collision of A/N and SR should be avoided as much as possible. The followings are possible methods about SR and A/N multiplexing.
· Joint coding [3]
In this method at SR-subframe (subframe where SR could be transmitted) SRI (Service Request Indicator) is embedded to the payload (1bit increase) of a new PUCCH format such as PUCCH format 2 or DFT-S-OFDM based A/N scheme. Thus both the SRI and an A/N bit have the same decoding performance.
· RS modulation [4]
This method is similar with Rel-8 type A/N and CQI multiplexing method. In LTE Rel-8 A/N could be transmitted with CQI by modulating the phase of 2nd RS symbols in PUCCH format 2. Similarly the SRI could be transmitted by differential modulation of RS phases of a new A/N format such as PUCCH format 2 A/N, DFT-S-OFDM based A/N and etc. To detect both A/N information and SR information eNB should conduct hypothesis test assuming each RS phase (in-phase, out-of-phase) which could induce performance degradation when a UE is moving at a high speed as shown in [3]. 
· Single A/N bit transmission (A/N dropping or bundling)
In this method a PUCCH format 1 type SR resource is reserved as in LTE Rel-8. Since the PUCCH format 1 type can only support the maximum 2 bits of information, it can be considered some of A/N bits are dropped or bundled to be transmitted on the SR resource when SR is required. However, it should be considered that A/N dropping and bundling could induce DL performance degradation.
In case of dropping, A/N information of a specific CC (e.g. PCC A/N) can be only multiplexed with SR information. In other words, A/N information of a specific CC could be transmitted to Rel-8 type SR resource and other A/Ns (if exist) are dropped when SR is required.

In case of bundling, there are 2 possible ways to bundle multi-bit A/N bits to 1 or 2 bits. A simple way is allowing ACK/NACK bundling over the CCs, and then the bundled A/N bits are transmitted on SR resource. This requires DAI-like signalling to indicate total number of PDSCHs in a subframe. Another way of bundling is reusing SR and multi-bit A/N multiplexing method used in LTE Rel-8 TDD. In the latter case a UE just signals total number of ACKs on QPSK constellations with overlapping, then eNB compares total number of PDSCHs scheduled for the UE with the received signal indicating total number of A/Ns from the UE. 

· Remaining resource utilization
If the DFT-S-OFDM based A/N scheme with 3 RS symbols is decided as a new A/N scheme for more than 2 bits, it could be possible allocating two RS resources in terms of combination of orthogonal cover and/or cyclic shift for indicating SRI. Similarly in the RS modulation method above, hypothesis test to detect (decode) both the SRI and A/N information is required at eNB side
· Multi-PUCCH transmission

This method is just allowing simultaneous transmission of both a SR as PUCCH format 1 and a new PUCCH for multi-bit A/N. But considering CM(Cubic Metric) or PARP due to non-single carrier transmission and band emission issue of RAN 4, simultaneous transmission of both PUCCHs is not desirable.
2-2
Multi-bit A/N and CQI 
In LTE Rel-8 when A/N and CQI is needed to transmit simultaneously, there are 2 ways (configured by higher layer signalling) regarding to A/N and CQI transmission. One is dropping CQI and transmitting only A/N information via PUCCH format 1a/2b. Another is RS modulation method, which means A/N is multiplexed to phase difference of 2 RS symbols in PUCCH format 2 and CQI is transmitted to data symbol part in PUCCH format 2.
For multi-bit A/N and CQI multiplexing in LTE-A, when CQI and multi-bit A/N transmission collide, CQI dropping method could be considered as a baseline considering the relatively large payload size of multi-carrier A/N and CQI.  In addition, joint coding of multi-bit A/N and CQI could be considered further to avoid too frequent CQI dropping. It can be also possible to consider a hybrid scheme between CQI dropping and A/N-CQI joint coding, where joint coding is applied if payload of both information is supportable in a PUCCH format, else CQI information is dropped.
3 
Summary

In this contribution we discussed possible UCI multiplexing methods for LTE-A. Since the exact A/N scheme for more than 2 bit A/N is not decided yet, we don’t have any strong preference among above schemes. The followings are our proposals.
Proposal 1: Support concurrent transmission of both multi-bit A/N and SR information. Details are FFS.

Proposal 2: For multi-bit A/N and CQI multiplexing, CQI dropping could be baseline. In addition it could be also considered joint coding of multi-A/N and CQI information.
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