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1
Introduction

[1] tabulates the uplink channel / signal combinations applicable to LTE Rel-10 taking both carrier aggregation (CA) and non-CA cases into account. This contribution deals with one of the combinations, namely concurrent transmission of A/N + CSI on PUCCH in the case of carrier aggregation. This combination is denoted as Config #12 in [1].

LTE Rel-8 supports concurrent transmission of A/N and CSI on PUCCH. In the non-CA cases, eNB chooses one of the following two options according to Rel-8 rules [1]:

· Drop CSI and transmit only A/N
· Transmit ACK/NACK and CSI jointly 
· Normal CP: A/N information is modulated in the second CSI reference signals of the slot. 

· Extended CP: A/N bits and the CSI bits are jointly coded. No information is embedded in any of the CSI reference signals.
We propose to maintain this functionality also in the case of carrier aggregation. The opposite choice would be to drop CSI always when colliding with multi-A/N. We see this as a severe limitation because of the following issues:

· DL carrier aggregation is configured mainly for those UEs requiring very high throughput in DL side. Therefore the probability of transmitting A/N in UL side is also very high. This would mean that dropping rate for the CSI becomes considerable. 

· CSI reporting contains inherent dropping already now: It was decided in RAN1#63bis that periodic CQI/PMI/RI can be reported for only one DL component carrier in one subframe.

· Rel-8 scheme for CSI+A/N can be used to carry the CSI+A/N also in the case of carrier aggregation. Hence, there is need to define yet another multiplexing solution for this specific case.
· Uplink coverage should not be such an issue for UEs configured to carrier aggregation in DL side.

This contribution covers both channel selection and PUCCH format 3.
2.
Multiplexing choices of CSI and A/N in the case of channel selection
Method 1:

It has been proposed e.g., in [2-4] to apply  cross-carrier A/N bundling –based method to multiplex CQI and A/N in the case of carrier aggregation. The proposed scheme is based on Rel-8 TDD solution in which the number of ACK’s among multiple A/N responses is signalled via the signalled FB message (see Table 7.3-1 of TS 36.213). The combination of bundled A/N and periodic CSI is transmitted using PUCCH format 2b. 
There are two main problems in this solution: 

· It is in contradiction with the baseline agreement. It was decided in RAN1#62 that neither DAI nor carrier domain bundling is supported in FDD CA. However, it was not yet agreed whether this decision is applicable to channel selection with simultaneous CQI.
· Impact on DL throughput due to cross-carrier A/N bundling has been questioned e.g., in [5]. The main argument has been that it can not be always assumed that the correlation between multiple DL CCs is high enough. 
Method 2:

This solution follows the previous decision related to concurrent transmission of A/N and positive SR in the case of carrier aggregation [7].
· If simultaneous transmission of A/N and CQI is enabled, A/N + periodic CSI will be transmitted on PUCCH format 2b:

· Spatial bundling of A/N is first applied for each CC

· The A/N from the PCell is mapped into b0

· The A/N from the SCell is mapped into b1.

· If more than 2 CCs (i.e. multiple SCells) are configured, the further predefined CC-domain bundling can be applied to limit the number of bits down to two.
It is noted that this method will solve both issues related to Method 1. Therefore, we propose to apply this scheme with FDD mode. On the other hand, due to additional error cases related to TDD mode, we propose to consider Method 1 in the case of TDD CA. It is also noted that potential correlation issue does not exist in intra-band aggregation which is the prioritized scenario for Rel-10 TDD [8].
Special case – PCell only scheduling:

It has been decided to apply Rel-8 principles on PUCCH in the case of PCell only scheduling. However, it is an open question that what is the UE operation in the case of CSI + A/N corresponding to PCell only scheduling? We propose to apply Method 2 also in the case of PCell only scheduling. This choice will solve all the potential error cases related to PDCCH failure completely.
3.
Multiplexing of CSI and A/N in the case of PUCCH Format 3

There are two main options available to multiplex CSI and A/N in the case of carrier aggregation and PUCCH Format 3: 
· Option 1: Reuse the multiplexing scheme designed for channel selection.
· Option 2: Transmit jointly coded multi-A/N and CSI using PUCCH Format 3 resource.
It is noted that Option 2 involves some problems and additional complexity in standardization: 

· Performance is a question mark. Hence, the coverage area of multi-A/N containing CSI may be significantly reduced compared to the case without CSI.

· The payload of PUCCH Format 3 is also limited. Hence, this is only a partial solution which requires additional bundling to be a complete solution (esp. with large CSI sizes). 
· Rel-8 fallback in the case of PCell only scheduling needs to be taken into account as well. In order to avoid higher layers errors due to PDCCH failure, additional blind detection is required at the eNB. In this case the blind detection takes place between PUCCH Format 2/2a/2b and PUCCH Format 3 resources. It is noted that this is more complicated compared to the normal case in which the blind detection takes place between PUCCH Format 1a/1b and PUCCH Format 3. 
Based on these aspects, we think that Option 1 would be the simplest way to go. This would also mean that all the multiplexing options supported in Rel-8/9 would be available also in Rel-10. Furthermore, it is noted that the same scheme can be applied regardless of the format of multi-A/N (i.e,. channel selection, Format 3) or  UCI multiplexing configuration (i.e.,. simultaneous transmission of PUCCH +PUSCH and TDM multiplexing) [6].

4.
Summary & Way Forward
In this contribution we have discussed remaining open issues related to remaining issues on concurrent transmission of CSI and carrier aggregation ACK/NACK in Rel-10. Based on this discussion we make the following proposals: 
Proposal 1:  Simultaneous transmission of A/N and CSI on PUCCH is supported in addition to Rel-8 -based dropping.
Proposal 2:  The combination of carrier aggregation A/N and periodic CSI is transmitted using PUCCH format 2b. 

Proposal 3:  The exact multiplexing solution in FDD mode is made according to Method 2:
· Spatial bundling of A/N is first applied for each CC

· The A/N from the PCell is mapped into b0
· The A/N from the SCell is mapped into b1.
Proposal 4:  The exact multiplexing solution in TDD mode is made according to Method 1 (i.e., cross-carrier bundling used already in Rel-8/9 TDD).
Proposal 5:  The same solution is applied for both channel selection and PUCCH format 3.
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