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Introduction
In RAN1#62bis, additional discussion on ACK/NAK feedback on PUCCH using PUCCH format 1b based channel selection and PUCCH format 3 for TDD was carried out. In this document, we address some remaining details for multi-bit ACK/NAK feedback for TDD, focusing on the sub-modes under each PUCCH format.
2 
Discussion
In RAN1#62bis, it was agreed that:
· For A/N feedback for TDD with PUCCH Format 3:

· Mode 1: 

· Supports A/N payload size of up to 20 bits

· If the number of A/N bits to be indicated would be >20, spatial bundling is employed

· No bundling is employed if the number of A/N bits is <=20 bits

· FFS whether a Mode 2 is also supported:

· Spatial bundling with time or CC bundling (the same bundling domain as for mode b) is employed in addition to spatial bundling in cases when the number of A/N bits to be indicated would be >x 

· For A/N feedback for TDD with PUCCH Format 1b with channel selection:

· Mode a:

· If the number of A/N bits to be indicated is <=4, no bundling is used

· Mode b:

· Spatial bundling with time- or CC-domain bundling (FFS which) is used if the number of A/N bits to be indicated would be >4

While mode 1 for PUCCH format 3 and mode a) for PUCCH format 1b with channel selection have clear definitions, the details for mode 2 using PUCCH format 3 and mode b) using PUCCH format 1b with channel selection still remain open. This is the focus of this contribution.

Note that spatial bundling is always enforced in both mode 2 and mode b). The key contentious point in finalizing the opening issues is how to further perform ACK/NAK bundling for reduced ACK/NAK payload size, namely, using the time-domain bundling or the CC-domain bundling. 
Time-domain bundling offers significantly better performance under typical operations. Generally, reasonable performance loss can be expected if the data traffic channels for subframes/carriers in the bundling window are highly correlated. This condition is generally true in the time domain under low mobility, which is the primary focus for performance optimization. In the carrier domain, however, this condition generally no longer holds. This is particularly true when each carrier has a bandwidth of 10MHz or larger, which is the focus of Rel-10 deployments. As a result, CC-domain bundling may result in significantly worse performance for the UE and consequently, inefficient system resource utilization. Depending the amount of performance loss and the needs of the UE, it is probably preferrable to configure the UE to operation with one carrier instead.
One concern over the time-domain bundling is the handling of error cases. In particular, if the UE misses the last grant(s) in the bundling window, and correctly detects PDSCH(s) of previous subframes in the bundling window, the UE may transmit a positive ACK to the eNB. In this case, the eNB may thus be confused between DTX and ACKs. However, the probability of such a scenarios is low and can be controlled by the eNB. The PDCCH is typically controlled with 1% miss detection probability. Note that although the scheduling decisions within the subframe bundling window can be independent, there are typically correlated especially given the correlation of channel conditions and the short duration (a few milliseconds) within the bundling window. If desired, the eNB can improve the reliability of the last PDCCH in the subframe bundling window. Note that a UE configured with multiple carriers typically has favorable channel conditions. The additional reliability control for the last PDCCH in the subframe bundling window is not expected to cause significant impact on PDCCH capacity.
On the other hand, CC-domain bundling requires a new definition of the existing DAI field or a new DAI field. The latter is certainly not desirable. The former is not desirable either, as it compromises the usage of the Rel-8 DAI for detection of missing grants within the same CC. In particular, due to generally uncorrelated channel conditions across different carriers, a detection of at least one missing grant across multiple carriers within the same subframe does not provide the eNB straightforward information on PDCCH reliability control, which is typically performed on a per CC basis. In addition, it is worth noting that semi-persistent scheduling is supported on the primary carrier. When PDSCH on PCC is initiated via SPS (hence no PDCCH), the same error case as discussed for the time-domain happens as well.

Therefore, we propose to adopt time-domain bundling for both mode 2 and mode b). In addition, given that mode 1 under PUCCH format 3 (full ACK/NAK feedback, potentially with spatial bundling) is already supported and a UE configured with multiple carriers typically has favorable channel conditions, the support of mode 2 in Rel-10 is not strongly motivated and can be further considered in future releases.
In addition, in Rel-8, a UE can be configured with two ACK/NAK feedback modes: bundling and multiplexing. In the bundling mode, a UE feedbacks up to 2 bits via the time-domain bundling. In the multiplexing mode, a UE feedbacks up to 4 bits via the spatial-domain bundling supporting up to a 4: 1 (DL:UL) TDD configuration. In particular, multiplexing for  TDD configuation #5 (9:1 DL to UL ratio) is not supported. For improved performance, it should be possible for a Rel-10 UE capable of supporting format 3 to use format 3 for the non-CA scenario as well. A Rel-10 UE can be layer 3 configured whether to use the exisiting Rel-8 mechanisms or the new PUCCH format 3 in the non-CA TDD scenario. 
3
Summary 
In this document, we discussed some remaining issues of multi-bit A/N for TDD. In particular, we propose to adopt the time-domain bundling approach for mode 2 using PUCCH format 3 and mode b) using PUCCH format 1b with channel selection.
In LTE Rel-10, it does not seem necessary to support mode 2 using PUCCH format 3, which can be further considered in future releases. In addition, a Rel-10 capable of supporting PUCCH format 3 can be layer 3 configured to use the new format 3 in the non-CA TDD scenario.
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