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1
Introduction
At the previous RAN1 meetings it was decided that for LTE-A carrier aggregation (CA), Rel-10 UEs that support up to 4 A/N bits will utilize PUCCH Format 1b with channel selection and Rel-10 UEs that support more than 4 A/N bits may be semi-statically configured to utilize DFT-S-OFDM for HARQ feedback. Additionally, discussion on PUCCH resources for multi-bit ACK/NAK feedback  was carried out. In this document, we address some remaining details related to the PUCCH resources for multi-bit ACK/NAK feedback.
2 
Discussion
In a multicarrier LTE-A system, a UE may be configured with two or more component carriers (CC)s, one of which is configured as the primary CC (PCC). The transmission of ACK/NAKs for multiple DL CCs is always from one signle UL CC, namely, the UL PCC. As a result, the ACK/NAK feedback overhead on the UL PCC may be significantly larger than that of Rel-8 (up to 2 ACK/NAK bits). In case of 5 CCs, up to 10-bit ACK/NAK may need to be carried by the UL PCC. 

In RAN1#62, it was agreed that:
· For Rel-10 UEs that support up to 4 A/N bits: PUCCH Format 1b with channel selection

· For Rel-10 UEs that support more than 4 A/N bits: 

· Both PUCCH format 1b with channel selection and DFT-S-OFDM are supported

· PUCCH format 1b with channel selection up to 4 A/N bits

· DFT-S-OFDM for the full range of A/N bits

· UE is configured by higher layers between DFT-S-OFDM and PUCCH format 1b with channel selection

Additionally, for PUCCH resource allocation, it was agreed that:

· If the UE is configured for channel selection, 

· PDSCH transmission on the Pcell:  

· Implicit A/N resource allocation for dynamic scheduling*

· Same as Rel-8 for SPS*

*: Working Assumptions to be confirmed after mapping table design discussion

· PDSCH transmissions on Scells:

· For non cross-carrier scheduling or for cross-carrier scheduling from SCell 

· Explicit A/N resource allocation configured by RRC

· FFS: PDCCH corresponding to PDSCH on SCell shall indicate a resource (“A/N Resource Indicator”, ARI) derived from the RRC configured resource(s)

· For cross-carrier scheduling from PCell, implicit A/N resource allocation (Working Assumption)

· FFS in case of insufficient A/N resources

· FFS in case of interference-limited case

· Note that RA is implicit in all cases of PCell scheduling (cross-carrier and same-carrier) for Channel Selection, including the case of simultaneous cross-carrier and same-carrier scheduling. 

· If the UE is configured for DFT-S-OFDM,

· Explicit A/N resource allocation configured by RRC

· PDCCH corresponding to PDSCH on SCell shall indicate a resource (“A/N Resource Indicator”, ARI) derived from the RRC configured resource(s)

· If no PDCCH corresponding to PDSCH on SCells is received, and PDSCH is received on the PCell, one of the following shall be agreed:

· Either Rel-8 resource is used, or

· PDCCH corresponding to PDSCH on PCell indicates a resource (“A/N Resource Indicator”, ARI) derived from the RRC configured resource(s)

· The UE assumes same ARI for all PDCCHs corresponding to PDSCH on SCells 
· The ARI does not increase the DCI format size
In this contribution, we deal with the following open issues:
· Whether to support ARI for the channel selection case? If so, how?

· How to support ARI for the DFT-S-OFDM case?

· The choice of PUCCH when there is no PDCCH corresponding to PDSCH on Scells is received, and PDSCH is the received the Pcell.

In LTE Rel-8, for semi-persistent scheduling (SPS), a UE is configured with four ACK/NAK resources by RRC. Upon SPS activation via PDCCH, the 2-bit TPC command in the DCI is re-interpreted to indicate which one of the four resources is to be used for the activated duration. The duration of SPS activation can be relatively long. For instance, for VoIP type of low-rate and delay-sensitive applications, the average duration can be in the order of seconds. The VoIP capacity can be relatively large. For instance, a 5MHz system may support more than 200 VoIP UEs. In addition, the periodicity for the inital SPS transmission is layer 3 configured. Consequently, the SPS ACK/NAK resource for a UE is also semi-static in the time domain.  As a result, enabling ACK/NAK resource selection upon SPS activation provides improved statistical multiplexing gain on PUCCH resource management. 
In LTE Rel-10 CA, when PUCCH Format 1b based channel selection is used, up to 4 ACK/NAK bits can be supported. The most interesting case is when there are two 2 configured CCs, both associated with DL MIMO operation. A total of 4 ACK/NAK resources are needed to convey 4 ACK/NAK bits using PUCCH format 1b. Depending on the number of detected PDCCHs (e.g., 0 to 2) from the PCC and the design of ACK/NAK mapping table [1], some ACK/NAK resources (e.g., 2 or more) may have to be explicitly configured by RRC.  In RAN1#58bis, the following was agreed:
· Exact method for A/N resource allocation is FFS

· Do not optimize the A/N feedback for multiple DL CC assuming large number of UEs being simultaneously scheduled on multiple DL CC 

In other words, in any given subframe, the optimization of ACK/NAK resource allocation can assume a limited number of simultaneously scheduled UEs. Typically, up to 18 ACK/NAKs can be multiplexed in one PRB using PUCCH format 1b. Different UEs can be configured with the same set of ACK/NAK resources and share them in a TDM manner, as determined by the scheduler. Also, different from the SPS case, the TDM multiplexing of ACK/NAK resources for different UEs is dynamic due to dynamic scheduling in the channel selection case. Thus, while the introduction of ARI is beneficial, the motivation is not strong.  
Note also that if the ARI is supported for PUCCH format 1b based channel selection, two or more resources (denoted by N) may have to be indicated by the DCI, reusing, e.g., the 2-bit TPC command in the DCI for SCCs. The indication can be done via:

· Configuring a set of M > N ACK/NAK resources via RRC, and indicating via ARI 4 possible combinations of N resources from the set of the M resources
· Configuring N ACK/NAK resources via RRC, and indicating via ARI 4 possible offsets relative to the configured set for the UE to determine a set of N resources for use
A more natural extension of the Rel-8 SPS mechanism is to do the following:

· Configuring N sets of ACK/NAK resources via RRC where each set has 4 resources, and indicating for each set one of the four resources. Alternatively, configuring 4 sets of ACK/NAK resources where each set has N resources, and indicating via ARI one set of the ACK/NAK resources.
This offers minimal specification impact. It also provides eNB necessary flexibility in managing ACK/NAK resources. Both orthogonal and non-orthogonal set of resources may be configuerd among the N sets for a UE and/or across different UEs in order to provide the tradeoff between scheduling flexiblity and ACK/NAK overhead.
In the case of DFT-S-OFDM, the same Rel-8 mechanism should be used. That is, 4 DFT-S-OFDM resources can be configured by RRC, and a UE is dynamically indicated one of the 4 resources to be used. If no PDCCH corresponding to PDSCH on SCells is received, and PDSCH is received on the PCell, it is natural to use the same Rel-8 PUCCH (resource and format) for the single component carrier case for better uplink efficiency. 
3
Summary 
In this document, we discussed some remaining details in PUCCH resources for multi-bit ACK for LTE-A carrier aggregation. In particular, the following is proposed:
· For the case of channel selection:

· It is preferable not to support ARI in this case, considering the multiplexing capability of PUCCH format 1b and the agreement of not to optimze PUCCH resource allocation for a large number of UEs simultaneously scheduled

· If ARI is to be supported,  it should be supported by naturally extending the Rel-8 SPS machanism. That is, if N explicit ACK/NAK resources are needed, a UE should be configured via RRC N sets of ACK/NAK resources where each set has 4 resources, and be indicated via ARI one of the four resources for each set. Alternatively, configuring 4 sets of ACK/NAK resources where each set has N resources, and indicating via ARI one set of the ACK/NAK resources.
· For the case of DFT-S-OFDM

· The ARI should be enabled similar to the Rel-8 SPS, i.e., a UE is configured via RRC 4 resources and is indicated via ARI one of the four resources

· If no PDCCH corresponding to PDSCH on SCells is received, and PDSCH is received on the PCell, the same Rel-8 PUCCH (resource and format) for the single carrier case is used.
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