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1. Introduction

In RAN1#63 meeting in Jacksonville, mapping table for ACK/NACK channel selection for FDD has been agreed as in [1]. This paper makes suggestions on the resource allocation of PUCCH format 1a/1b for ACK/NACK channel selection in FDD, especially considering ACK/NACK transmission for both non-SPS and SPS cases.
2. Resource allocation for ACK/NACK channel selection in FDD
For the ACK/NACK channel selection for the UEs configured with 2 DL carriers in FDD, we suggest the following PUCCH resource allocation methods to maximize the reuse of Rel-8 PUCCH 1a/1b resources, depending on whether cross-carrier scheduling is configured or not.

In case of cross carrier scheduling, 1 (with single codeword configured) or 2 (with two codewords configured) PUCCH resources are derived implicitly from each PDCCH which schedules PCell or SCell. That is, for a cell with two codewords configured, the first PUCCH resource is derived from the first CCE of the PDCCH and the second PUCCH resource is derived from the CCE next to the first CCE of the same PDCCH. In table 1, this operation is illustrated according to MIMO configuration for each CC, where PCell#1/PCell#2 and SCell#1/SCell#2 indicate first/second resource for PCell and SCell respectively. In the table, IMPP1/IMPP2 and IMPS1/IMPS2 indicate PUCCH resources implicitly derived from the PDCCH which schedules PCell and SCell respectively.

Table 1. Cross carrier scheduling, 2 DL carriers configured

(a) 1 codeword for PCell and 1 codeword for SCell

	PCell #1
	SCell #1

	IMPP1
	IMPS1


(b) 2 codewords for PCell and 1 codeword for SCell

	PCell #1
	PCell #2
	SCell #1

	IMPP1
	IMPP2
	IMPS1


(c) 1 codeword for PCell and 2 codewords for SCell

	PCell #1
	SCell #1
	SCell #2

	IMPP1
	IMPS1
	IMPS2


(d) 2 codewords for PCell and 2 codewords for SCell

	PCell #1
	PCell #2
	SCell #1
	SCell #2

	IMPP1
	IMPP2
	IMPS1
	IMPS2


Suggestion 1: In case of cross carrier scheduling with 2 DL CCs configured in FDD, all the PUCCH resources are derived implicitly from the 1st (and 2nd) CCE of the corresponding PDCCH.
In case of non-cross carrier scheduling, 1 or 2 PUCCH resources are derived implicitly from the PDCCH which schedules PCell depending on the MIMO configuration on PCell. For SCell, 1 or 2 PUCCH resources are assigned explicitly depending on the MIMO configuration on SCell. In table 2 this operation is illustrated, where EXPS1/EXPS2 indicates the first/second resource assigned explicitly for SCell.

In this case, 2 bit ARI in the PDCCH scheduling SCell can be used to indicate explicit resources for SCell. 2 bit ARI indicates 1 among 4 PUCCH resources assigned by RRC in case of single codeword configuration and 2 among 8 PUCCH resources assigned by RRC in case of two codewords configuration.

Table 2.  Non-cross carrier scheduling, 2 DL carriers configured

(a) 1 codeword for PCell and 1 codeword for SCell

	PCell #1
	SCell #1

	IMPP1
	EXPS1


(b) 2 codewords for PCell and 1 codeword for SCell

	PCell #1
	PCell #2
	SCell #1

	IMPP1
	IMPP2
	EXPS1


(c) 1 codeword for PCell and 2 codewords for SCell

	PCell #1
	SCell #1
	SCell #2

	IMPP1
	EXPS1
	EXPS2


(d) 2 codewords for PCell and 2 codewords for SCell

	PCell #1
	PCell #2
	SCell #1
	SCell #2

	IMPP1
	IMPP2
	EXPS1
	EXPS2


Suggestion 2: In case of non-cross carrier scheduling with 2 DL carriers configured in FDD, PUCCH resources for PCell are derived implicitly from the 1st (and 2nd) CCE of the corresponding PDCCH. PUCCH resources for SCell are assigned explicitly, where the PUCCH resources for SCell are indicated by ARI of the corresponding PDCCH.
3. Consideration on SPS case

For the ACK/NACK channel selection for the UEs configured with 2 DL carriers in FDD, following the ACK/NACK resource allocation suggested in section 2, two PUCCH resources should be derived from the PDCCH which schedules PCell when the PCell is configured with two codewords. However, there is no PDCCH corresponding to a SPS PDSCH and there is only a single explicitly assigned PUCCH resource available for the ACK/NACK transmission for SPS PDSCH in a subframe in Rel-8. This requires a special care for the ACK/NACK transmission in an UL subframe which contains an SPS ACK/NACK feedback.
As an example, table 3 shows ACK/NACK channel selection mapping with two codewords configuration for PCell. Here, it should be noted that we assume explicit PUCCH resource configured for SPS ACK/NACK as in Rel-8/9 is used as the first PUCCH resource for PCell (that is, PCell #1 in table 3) to support ACK/NACK feedback in the case where there is only a SPS transmission in PCell without any dynamic scheduling in SCell. If we regard ACK for a single codeword PDSCH in the PCell as (ACK, ACK) in table 3 as agreed by the email discussion after RAN1#63bis [2], the ACK/NACK transmission requires a secondary resource, 
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Table 3. 3 bits ACK/NACK channel selection mapping with two codewords configuration on PCell
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To resolve this problem, we consider the following two alternative solutions.

Soultion 1: reducing ACK/NACK codebook size by 1 bit in SPS ACK/NACK subframes when PCell is configured with two codewords (with ACK/NACK spatial bundling for the dynamic PDSCH which overrides SPS)
With this solution, when the PCell is configured with two codewords, the codebook size for ACK/NACK channel selection is reduced by 1 bit in an UL subframe with SPS ACK/NACK feedback. That is, in an UL subframe with SPS ACK/NACK feedback, ACK/NACK mapping table for the case of single codeword configuration on PCell is used even when the PCell is configured with two codewords. For example, when the PCell is configured with two codewords and SCell is configured with a single codeword, 3 bits ACK/NACK channel selection is used for the ACK/NACK feedback in normal ACK/NACK subframes, but 2 bits ACK/NACK channel selection is used for the ACK/NACK feedback in SPS ACK/NACK subframes. It should be noted that there is no ambiguity in the ACK/NACK codebook size between eNB and UE in this case since the SPS subframe is configured by RRC.
With this solution, when the PCell is configured with two codewords, UE cannot transmit 2 bits ACK/NACK for two codewords for the dynamic PDSCH which overrides SPS in a SPS subframe since there is only a single PUCCH resource allocated for SPS ACK/NACK (it should be noted that two codewords transmission via SPS PDSCH is not supported in current specifications but eNB may override the SPS by dynamic PDSCH [3]). Therefore, in this solution, spatial bundling is performed for the 2 bits ACK/NACK for the dynamic PDSCH which overrides SPS.
Solution 2: allocating 2 PUCCH resources for SPS ACK/NACK when PCell is configured with 2 codewords

With this solution, when the PCell is configured with two codeword, 2 ACK/NACK PUCCH resources are allocated for SPS ACK/NACK. That is, RRC allocates 4 pairs of SPS ACK/NACK PUCCH resources for the UE which is configured by two codewords in PCell. Then, one of the 4 pairs of ACK/NACK resources can be assigned by SPS activation via PDCCH.

Between the two alternative solutions above, we currently prefer the solution 1 since it does not increase the SPS ACK/NACK resource compared to the solution 2. It should be also noted that DL throughput loss due to the ACK/NACK spatial bundling in solution 1 would be marginal since the spatial bundling is applied to the SPS subframes only where SPS is overridden by dynamic PDSCH especially when the dynamic PDSCH carries two codewords. Therefore, we suggest the following for the ACK/NACK transmission with SPS.
Suggestion 3: In the UL subframe corresponding to the DL subframe configured with SPS, the ACK/NACK PUCCH resource allocated for the SPS ACK/NACK is used as the PUCCH resource corresponding to the PCell in the ACK/NACK channel selection

Suggestion 4: When the PCell is configured with two codewords, solution 1 is introduced for the ACK/NACK for SPS. That is, ACK/NACK codebook size is reduced by 1 bit in SPS ACK/NACK subframes (with ACK/NACK spatial bundling for the dynamic PDSCH which overrides SPS)
4. Summary

This paper discussed the PUCCH resource allocation schemes for the ACK/NACK channel selection in FDD. The suggestions of this paper are summarized as follows.

Suggestion 1: In case of cross carrier scheduling with 2 DL CCs configured in FDD, all the PUCCH resources are derived implicitly from the 1st (and 2nd) CCE of the corresponding PDCCH.
Suggestion 2: In case of non-cross carrier scheduling with 2 DL carriers configured in FDD, PUCCH resources for PCell are derived implicitly from the 1st (and 2nd) CCE of the corresponding PDCCH. PUCCH resources for SCell are assigned explicitly, where the PUCCH resources for SCell are indicated by ARI of the corresponding PDCCH.
Suggestion 3: In the UL subframe corresponding to the DL subframe configured with SPS, the ACK/NACK PUCCH resource allocated for the SPS ACK/NACK is used as the PUCCH resource corresponding to the PCell in the ACK/NACK channel selection

Suggestion 4: When the PCell is configured with two codewords, solution 1 is introduced for the ACK/NACK for SPS. That is, ACK/NACK codebook size is reduced by 1 bit in SPS ACK/NACK subframes (with ACK/NACK spatial bundling for the dynamic PDSCH which overrides SPS)
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