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1. Introduction

Until RAN1 #63bis meeting, the PUCCH A/N transmission modes in TDD have been agreed as below[1]. 

	Agreement:

· 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

· 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 is applied if the number of A/N bits to be indicated would be >4

· Time domain bundling is used if the number of A/N bits to be indicated after spatial bundling would be >4


In addition, during RAN1 #63bis meeting and through email discussion, a working assumption on A/N transmission scheme for mode b was agreed as below[1].

	Working assumption for mode b:
· Adopt A/N scheme from R1-110519[2], with modification for M=4 from R1-110389[3], and mapping table from R1-106503[4]


In this contribution, we suggest PUCCH resource allocation for TDD A/N mode b and mode a with channel selection.
2. PUCCH resource allocation for channel selection in TDD 
2.1. mode b
In TDD A/N mode b with channel selection, unlike mode 1 and mode a, time-domain bundling is additionally applied on top of spatial bundling based on DL DAI in Rel-8 per CC. Tables 1~3 provide the agreed A/N response to A/N state mapping for each CC according to DL:UL configurations for TDD[2][3]. Here, assuming DL:UL = M:1 configuration, HARQ-ACK(m) (1≤m≤M) means A/N for the PDSCH corresponding to DL DAI 
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 when there is no SPS PDSCH. Note that when SPS PDSCH exists in any subframe within a bundling window, HARQ-ACK(1) represents A/N for the SPS PDSCH and HARQ-ACK(m) represents A/N for the PDSCH corresponding to 
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. It is also noted that 2-bit A/N states per CC in the tables would be directly replaced to that in the channel selection mapping table[4]. Table 4 provides channel selection mapping table[4] agreed for TDD where (B0, B1) and (B2, B3) are regarded as 2-bit A/N state for PCC and SCC, respectively. 
Table 1. A/N response to A/N state mapping for mode b (DL:UL = 2:1)

	HARQ-ACK(1), HARQ-ACK(2)
	A/N state

	A, A
	A, A

	N, A
	N/D, A

	A, N/D
	A, N/D

	(N, N/D) or (D, any)
	N/D, N/D


Table 2. A/N response to A/N state mapping for mode b (DL:UL = 3:1)

	HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)
	A/N state

	A, A, A
	A, A

	A, A, N/D
	N/D, A

	A, N/D, any
	A, N/D

	N/D, any, any
	N/D, N/D


Table 3. A/N response to A/N state mapping for mode b (DL:UL = 4:1)

	HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3), HARQ-ACK(4)
	A/N state

	A, A, A, N/D
	A, A

	A, A, N/D, any
	N/D, A

	(A, D, D, D) or (A, A, A, A)
	A, N/D

	(N/D, any, any, any) or (A, N/D, any, any), except for (A, D, D, D)
	N/D, N/D


Table 4. Channel selection mapping table agreed for TDD

	B0
	B1
	B2
	B3
	Resource
	Constellation

	D
	N/D
	N/D
	N/D
	NO TRANSMISSION
	NO TRANSMISSION

	N
	N/D
	N/D
	N/D
	H0
	+1

	A
	N/D
	N/D
	N/D
	H0
	-1

	N/D
	A
	N/D
	N/D
	H1
	-j

	A
	A
	N/D
	N/D
	H1
	+j

	N/D
	N/D
	A
	N/D
	H2
	+1

	A
	N/D
	A
	N/D
	H2
	+j

	N/D
	A
	A
	N/D
	H2
	-j

	A
	A
	A
	N/D
	H2
	-1

	N/D
	N/D
	N/D
	A
	H3
	+1

	A
	N/D
	N/D
	A
	H0
	-j

	N/D
	A
	N/D
	A
	H3
	+j

	A
	A
	N/D
	A
	H0
	+j

	N/D
	N/D
	A
	A
	H3
	-j

	A
	N/D
	A
	A
	H3
	-1

	N/D
	A
	A
	A
	H1
	+1

	A
	A
	A
	A
	H1
	-1


Regarding Tables 1~3 and Table 4, implicit PUCCH resource allocation can be done based on DL DAI 
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 (hereafter, for easy explanation, we assume DL:UL = 3:1 configuration and use of Table 2, but the resource allocation principle suggested in this contribution is applicable also for 2:1 case as well as 4:1 case). More specifically, in case of PCC, both the first and the second resources (H0 and H1 in Table 4 above) can be allocated with implicit PUCCH resources derived from the PDCCHs with 
[image: image4.wmf]1

=

DL

DAI

V

 and 
[image: image5.wmf]2

=

DL

DAI

V

, respectively . This is possible because PCC A/N states (N/D,N/D) and (A,N/D) conveying A/N response (N/D,any,any) and (A,N/D,any) for PCC are not mapped to the second PCC resource. In other words, even though the first resource is only available for PCC by scheduling/receiving only 1 PDCCH with 
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 for PCC, there would be no problem in channel selection operation since A/N response of PCC could only be (N/D,any,any) or (A,N/D,any) in Table 2. This A/N response is mapped to A/N state (N/D,N/D) or (A,N/D) of PCC in Table 4, both of which are not present in the (not available) second PCC resource. 
In addition, in case of existence of SPS PDSCH, implicit PUCCH resource allocation can also be possible by including the reserved SPS PUCCH resource without additional explicit PUCCH resource. In this case, the first and the second PCC resources should be SPS PUCCH resource and implicit PUCCH resource derived from the PDCCH with 
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, respectively, regardless of whether SPS PDSCH is scheduled earlier than the PDSCH with PDCCH (DL DAI) or not. This is because the position of SPS PUCCH resource within PCC resources should be fixed as the first resource so as to avoid ambiguity on channel selection resource placement between eNB and UE, which would be caused from the PDCCH missing (DTX) case. Besides, even regarding the case that SPS PDSCH is only scheduled for PCC (in this case, SPS PUCCH is only available for PCC), SPS PUCCH should be allocated as the first PCC resource since A/N response of PCC as (N/D,any,any) or (A,N/D,any) in Table 2 for SPS PDSCH should be fed back to eNB. In Table 4, PCC A/N states for this A/N response is (N/D,N/D) or (A,N/D), both of which are not in the second but in the first PCC resource. 

Proposal 1: In TDD A/N mode b, PUCCH resources for PCC are allocated as

- if no SPS PDSCH exists: implicit PUCCHs derived from PDCCHs with 
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 as the first and the second resources, respectively

- if SPS PDSCH exists: SPS PUCCH and implicit PUCCH derived from PDCCH with 
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 as the first and the second resources, respectively 
In case of SCC for cross-scheduling, based on the principle above, both the first and the second SCC resources (H2 and H3 in Table 4 above) can also be allocated with implicit PUCCHs derived from the PDCCHs with 
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, respectively. For the case of no cross-scheduling, two SCC resources are to be allocated with two explicit PUCCHs. In this case, explicit PUCCH resources can be adjusted by the ARI signaled via the PDCCH conveying SCC PDSCH grant. 
Proposal 2: In TDD A/N mode b, PUCCH resources for SCC are allocated as

- cross-carrier scheduling: implicit PUCCHs derived from PDCCHs with 
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 as the first and the second resources, respectively
- no cross-carrier scheduling: two explicit PUCCHs with ARI as two resources 
Figure 1 provides examples of the proposed PUCCH resource allocation for mode b with channel selection under DL:UL = 4:1 configuration, according to whether SPS PDSCH is present or not in case of cross-carrier scheduling. 
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Figure 1. Examples of PUCCH resource allocation for TDD A/N mode b (in case of cross-carrier scheduling)

2.2. mode a
According to the agreements so far, mode a situations (except for single CC case) are classified into the following 5 cases.

· case #1) non-MIMO PCC + non-MIMO SCC with 2:1 configuration

· case #2) MIMO PCC + MIMO SCC with 1:1 configuration

· case #3) MIMO PCC + non-MIMO SCC with 1:1 configuration

· case #4) non-MIMO PCC + MIMO SCC with 1:1 configuration

· case #5) non-MIMO PCC + non-MIMO SCC with 1:1 configuration

Regarding the cases #2 ~ #5 with 1:1 configuration, There seems no difference from FDD channel selection case in the ACK/NACK resource allocation aspect. Thus, it seems natural that resource allocation for FDD channel selection is reused for mode a with 1:1 configuration, where the resource allocation method for FDD channel selection should be decided first. Regarding the case #1 with 2:1 configuration, the proposed resource allocation for mode b above can be reused without any problem in operation. Hence, for simplicity, reuse of resource allocation for mode b above is preferable for mode a with 2:1 configuration. 

Proposal 3: In TDD A/N mode a with CA, PUCCH resources are allocated as

- DL:UL = 1:1 configuration: reuse resource allocation for FDD channel selection

- DL:UL= 2:1 configuration: reuse the proposed resource allocation for TDD mode b 

3. Summary
In this paper, we discussed on PUCCH resource allocation for TDD A/N mode b and mode a with channel selection. Finally, we propose: 

Proposal 1: In TDD A/N mode b, PUCCH resources for PCC are allocated as

- if no SPS PDSCH exists: implicit PUCCHs derived from PDCCHs with 
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 as the first and the second resources, respectively

- if SPS PDSCH exists: SPS PUCCH and implicit PUCCH derived from PDCCH with 
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 as the first and the second resources, respectively

Proposal 2: In TDD A/N mode b, PUCCH resources for SCC are allocated as

- cross-carrier scheduling: implicit PUCCHs derived from PDCCHs with 
[image: image17.wmf]2

,

1

=

DL

DAI

V

 as the first and the second resources, respectively

- no cross-carrier scheduling: two explicit PUCCHs with ARI as two resources 

Proposal 3: In TDD A/N mode a with CA, PUCCH resources are allocated as

- DL:UL = 1:1 configuration: reuse resource allocation for FDD channel selection

- DL:UL = 2:1 configuration: reuse the proposed resource allocation for TDD mode b 
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