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1. Introduction
In RAN1 #63 meeting, the followings were agreed for PUCCH format 1b with channel selection:
· Use time-domain bundling for mode b
· Mapping tables in 6509 for FDD 

However, there are still significant amount of open issues for TDD channel selection, including the mapping table design and the details of time domain bundling scheme for mode b.
In the email discussion of [63-02-LTE-A] PUCCH A/N for TDD, several aspects on TDD channel selection were summarized. In this contribution, we present our views on the open issues.
2. Mapping table and resource allocation
· How many mapping tables should Rel-10 UE support for TDD in addition to Rel-8 mapping table?
We support 2 mapping tables. The Rel-8 mapping table is used for backward compatibility and only in single-carrier scenario. A new mapping table without overlapping ACK/NAK states can be used in both single-carrier and multi-carrier scenarios to optimize the ACK/NAK performance. For a Rel-10 UE in a Rel-10 network and configured with a single carrier, the eNB shall configure one of the mapping table to be used by the UE.
· When CA is not configured (single carrier case), which is applied to Rel-10 UE in a Rel-10 network, a new mapping table or Rel-8 TDD mapping table?
We prefer the new mapping table in this case. Rel-8 table leads to performance loss due to multiple ACK/NAK states mapped to the same feedback information and selected channel. On the other hand, in order to ensure backward compatibility, the Rel-8 mapping table shall be the default if CA is not configured for the UE. The Rel-10 UE without CA configured shall only use the Rel-10 mapping table when configured by eNB.
· When CA is not configured, should the resource allocation scheme be the same as that for Rel-8, i.e., implicit resource allocation?
We support implicit resource allocation in this case to reduce the PUCCH overhead. With the mapping table in R1-106503, the Rel-8 implicit resources can be used. It is also noted that for the single carrier case, it is difficult to use ARI to reduce the PUCCH overhead, since there are no redundant DCI fields for ARI. Without ARI, explicit resource allocation amounts to significant PUCCH overhead.
· When CA is configured and PDCCH corresponding to PDSCH only on PCell is received, what is the exact resource allocation scheme assuming the preferred table is adopted?
Implicit resource allocation can be used with mapping table in R1-106503. Same as the single carrier case, the explicit resources is not preferrable for this case, because the efficiency of PUCCH resources is low and the PUCCH overhead is high without ARI.
· When CA is configured and PDCCH corresponding to PDSCH on SCell is received, what is the exact resource allocation scheme for both cases with and without CIF assuming the preferred table is adopted? And the necessity of ARI?
For both case, i.e. with and without CIF, we support:

· Hybrid resource allocation for mode a with the mapping table in R1-106503. For the PDCCH received on PCell, the implicit resource is used. For the PDCCH received on SCell, the explicit resource indicated by ARI in the corresponding PDCCH is used. For hybrid resource allocation, the implicit resource can be fully used without any error case. 
· Explicit resource allocation for with mode b, because:
· Completely implicit resource allocation cannot work with any present time-domain bundling scheme [1] – [4].

· Hybrid resource allocation leads to more complicated specifications. Unlike mode a, multiple implicit resources can be derived on one carrier for mode b. On the other hand, not all implicit resource can be used. Therefore, it needs to be specified which implicit resource(s) can be used for transmission. In addition, the implicit resource corresponding to the PDCCH scheduling PDSCH on PCell cannot be used with time-domain bundling. When all PDCCHs corresponding to PDSCHs on SCell are missed, the UE shall fall back to the single carrier case and channel selection based on the implicit resources shall be used. If the implicit resource corresponding to the PDCCH scheduling PDSCH on PCell is also used by mode b, discrepancy between the eNB and UE on the ACK/NAK feedback state can occur. 
Since explicit resource shall be used for both channel selection mode a and b, ARI shall be supported to reduce the PUCCH overhead. Multiple sets of explicit resources shall be pre-configured by RRC and ARI indicates one of the sets to be used. The number of explicit resources in each set may be different depending on other configurations, e.g. whether cross carrier scheduling is enabled or not.
Basing the above discussion, we prefer the mapping table in R1-106503.
3. Time-domain bundling scheme for mode b
· A new standardized mechanism in addition to what’s supported in Rel-8 is necessary to handle the error case?
Yes. For ACK/NAK bundling in Rel-8, the error case is handled by using the resource corresponding to the last detected PDCCH. Using Rel-8 error case handling mechanism for carrier aggregation leads to an excessive amount of resources.
· If a new standardized mechanism is necessary, should DAI definition in Rel-10 be the same as that for Rel-8?
Not necessary. Since DAI is introduced to eliminate the error cases, the definition of DAI can be different with different ACK/NAK transmission methods.
3.1. Time-domain bundling schemes

Four time-domain bundling schemes have been present in RAN1 #63 [1] – [4]. All schemes are designed for at most two CCs.
· Scheme 1 [1]: Two bits are fed back per CC to indicate the number of contiguous ACKs from the first actual PDSCH transmission in the bundling window, as shown in Figure 1. DAI in DL grant is a counter per CC.
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Figure 1: Feedback for the number of ACK

· Scheme 2 [2]: 
[image: image2.wmf]SCell

M

 sets of explicit PUCCH format 1b resources are configured to one UE, where 
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 is the number of scheduled PDSCHs on SCell or the size of bundling window. Each set contains 
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resources, where 
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is the size of the bundling window. UE selects a set corresponding to the last received PDSCH on SCell from 
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 sets, and selects a resource within the selected set corresponding to the last received PDSCH on PCell. Two bundled ACK/NAK bits corresponding to the two CCs are transmitted on the selected resource.

· Scheme 3 [3]: Two bits indicating the number of ACKs in the bundling window are fed back per CC, i.e. following the Rel-8 TDD ACK/NAK transmission method with a positive SR in the same subframe.
· Scheme 4 [4]: UE feeds back one bundled ACK/NAK bit per CC and 2 assistant bits, i.e. (b0, b1, b2, b3), using PUCCH format 1b with channel selection, where (b0, b1) are the bundled ACK/NAK bits corresponding to the two CCs, (b2, b3) indicate the number of subframes within which dynamic PDCCH requiring ACK/NAK feedback is received, as shown in Table 1. The 2-bit DAI in DL grant indicates the number of PDCCHs requiring ACK/NAK feedback in the current subframe.

Table 1: Assistant bits for time domain partial bundling

	(b2, b3)
	Number of subframes within which dynamic PDCCHs requiring ACK/NAK feedback is received

	0, 0
	1

	1, 0
	2

	0, 1
	3

	1, 1
	4


For Scheme 1 and 3, overlapping ACK/NAK states exist, which leads to ACK/NAK performance loss. For Scheme 2, excessive amount of PUCCH resources is required, which leads to the large PUCCH overhead. Scheme 4 is error case free without requiring excessive amount of PUCCH resources. Hence our preference is to adopt Scheme 4 as the ACK/NAK transmission scheme for PUCCH channel selection mode b.
4. Conclusions

In this contribution, we discuss PUCCH format 1b with channel selection for Rel-10 TDD ACK/NAK transmission. In summary, we propose that:
· Proposal 1: The following is adopted for PUCCH format 1b with channel selection mode b in Rel-10

· At most 2 DL CCs are supported

· UE generates 1 bundled ACK/NAK per component carrier, denoted as (b0, b1)

· ACK/NAK bundling over the dynamic ACK/NAK and SPS ACK/NAK per carrier

· UE generates 2 assistant information bits, denoted as (b2, b3)

· Indicating the number of subframes within which dynamic PDCCH requiring ACK/NAK feedback is received

· UE feeds back (b0, b1, b2, b3) using PUCCH format 1b with channel selection

· The 2-bit DAI in DL grant indicates the number of PDCCHs requiring ACK/NAK feedback in the current subframe
· Proposal 2: Resource allocation for PUCCH format 1b with channel selection mode a
· Implicit resource for PDCCH received on PCell

· 1 implicit resource for non-MIMO DCI as in Rel-8

· 2 implicit resources for MIMO DCI

· Explicit resource for PDCCH received on SCell, indicated by ARI in PDCCH

· Applicable for both FDD and TDD with 2 DL CCs

· Proposal 3: Resource allocation for PUCCH format 1b with channel selection mode b

· If PDSCH is only received on PCell within the bundling window, all resources are implicit

· 1 implicit resource for each received PDCCH as in Rel-8

· ACK/NAK transmission follows Rel-8 ACK/NAK multiplexing

· If PDSCH is received on SCell in at least one subframe within the bundling window, all resources are explicitly indicated by ARI in PDCCH

· The ARI in PDCCH indicating a set of resources

· TPC bits in PDCCH scheduling PDSCH on SCell reused as ARI

· Same ARI in all PDCCHs scheduling PDSCH on SCell

· Applicable for TDD CA time domain partial bundling with 2 DL CCs

· Proposal 4: The mapping table in R1-106503 is supported for Rel-10 TDD channel selection.
· Proposal 5: It is supported to configure a Rel-10 TDD UE operating on a single carrier to use the Rel-10 channel selection mapping table
· In this case, except the mapping table, the ACK/NAK multiplexing and resource allocation scheme follows the Rel-8 design
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