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1. Introduction

Until RAN1#64 meeting and through email discussion, there have been many decisions on UCI combination. Regarding the case of SR+A/N and CSI+A/N, however, some points still remain to be clarified and defined. We suggest our proposals on the remaining details related to transmission of SR+A/N and CSI+A/N on PUCCH.
2. SR+A/N case
In case of SR+A/N with PUCCH format 3 in FDD, the following was agreed in RAN1#62bis meeting [1].
- If no PDCCH corresponding to PDSCH on SCells is received, and PDSCH is received on the PCell, Rel-8 PUCCH 1a/1b resource is used.
- In case of SR+A/N is transmitted with PUCCH format 3, positive/negative SR is indicated in an SR occasion by appending an extra information bit at the end of A/N information bits. 
Although the simultaneous transmission of SR+A/N was agreed by joint coding approach for PUCCH format 3, the UE behavior is not clearly defined when there is no ARI for PUCCH format 3 resource indication (in case of not receiving any PDCCH corresponding to PDSCH on SCells). It seems natural that Rel-8 SR resource is used for SR+A/N in case of positive SR when ARI is not available, that is, PDSCH (or PDCCH indicating DL SPS release) is received only on PCell.
Proposal 1: For A/N with PUCCH format 3 in FDD, Rel-8 SR resource is used for simultaneous SR+A/N transmission in case of positive SR when PDSCH (or PDCCH indicating DL SPS release) is received only on PCell. (Text proposal is provided in Annex A)
In addition, for A/N with PUCCH format 3 in TDD, overall procedure proposed in our another contribution [2] can be briefly summarized as below. 
■ TPC field usage

• In case that at least one SPS-PDSCH is transmitted on PCell, all the TPC fields are used as ARI. 

• Otherwise, the TPC field with 
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 on PCell is used as real TPC and all the other TPC fields both on PCell and SCells are used as ARI.

■ Used PUCCH format

• In case that a single SPS-PDSCH, or a single PDSCH (or DL SPS-release PDCCH) with 
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 is received only on PCell,

- Rel-8 PUCCH format 1a/1b is used.

• Otherwise,

- PUCCH format 3 with ARI is used.

In this case, it also seems natural that Rel-8 SR resource is used for SR+A/N in case of positive SR when ARI is not available, that is, a single SPS-PDSCH, or a single PDSCH (or DL SPS-release PDCCH) with 
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 is received only on PCell.

Proposal 2: For A/N with PUCCH format 3 in TDD, Rel-8 SR resource is used for simultaneous SR+A/N transmission in case of positive SR when a single SPS-PDSCH, or a single PDSCH (or DL SPS-release PDCCH) with 
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 is received only on PCell.

3. CSI+A/N case
For CSI+A/N, the following was agreed in RAN1#64 meeting [3].

· If simultaneous PUCCH and PUSCH is not configured and simultaneousAckNackAndCQI is TRUE

· If the UE receives PDSCH on the PCell only, Rel-8 behaviour applies.
· Otherwise, if periodic CSI and CA ACK/NACK transmission (PUCCH format 3 and channel selection) collides and there is no PUSCH transmission, the periodic CSI is dropped.
The following is the part reflecting this agreement in the current version of specification [4]. 
· In case of collision between a CSI and an HARQ-ACK in a same subframe without PUSCH and the UE is configured with more than one serving cell, the periodic CSI report is multiplexed with HARQ-ACK on PUCCH if the parameter simultaneousAckNackAndCQI provided by higher layers is set TRUE and if the HARQ-ACK corresponds to a PDSCH transmission or PDCCH indicating downlink SPS release only on the primary cell, otherwise CSI is dropped.
This part, however, looks unclear for the TDD case. In case of TDD, based on the agreement above, the A/N can correspond to one or multiple PDSCH(s) and/or DL SPS-release PDCCH received only on the Pcell. Besides, how to multiplex CSI+A/N is not clearly provided (also in the single configured cell case). Regarding the agreement above, CSI is multiplexed with A/N on PUCCH by using the Rel-8 TDD scheme (ACK counter on PUCCH format 2/2a/2b) in the TDD case if the A/N corresponds to one or multiple PDSCH (or DL SPS-release PDCCH) received only on the Pcell. 
Proposal 3: For TDD, if one or multiple PDSCH (or DL SPS-release PDCCH) is received only on PCell when simultaneousAckNackAndCQI is TRUE, the Rel-8 TDD scheme is reused. Otherwise, Rel-10 A/N scheme is used with CSI dropping. (Text proposal is provided in Annex B)
4. TDD with CA for M=1
In case of TDD with CA for M=1, there seems no difference from the case of FDD with CA in the UCI combination aspect. Thus, it seems natural that the solutions for supporting SR+A/N and CSI+A/N in FDD are reused for TDD with M=1.

Proposal 4: In case of SR+A/N and CSI+A/N in TDD with CA for M=1, FDD solutions are reused. 
5. Summary
In this contribution, we suggested our proposals on the remaining details related to simultaneous transmission of SR+A/N and CSI+A/N on PUCCH. Finally, we propose: 

Proposal 1: For A/N with PUCCH format 3 in FDD, Rel-8 SR resource is used for simultaneous SR+A/N transmission in case of positive SR when PDSCH (or PDCCH indicating DL SPS release) is received only on PCell. (Text proposal is provided in Annex A)
Proposal 2: For A/N with PUCCH format 3 in TDD, Rel-8 SR resource is used for simultaneous SR+A/N transmission in case of positive SR when a single SPS-PDSCH, or a single PDSCH (or DL SPS-release PDCCH) with 
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 is received only on PCell.

Proposal 3: For TDD, if one or multiple PDSCH (or DL SPS-release PDCCH) is received only on PCell when simultaneousAckNackAndCQI is TRUE, the Rel-8 TDD scheme is reused. Otherwise, Rel-10 A/N scheme is used with CSI dropping. (Text proposal is provided in Annex B)
Proposal 4: In case of SR+A/N and CSI+A/N in TDD with CA for M=1, FDD solutions are reused.
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Annex A – text proposal for SR+A/N in FDD
====================================== TS 36.213 ======================================

7.3
UE procedure for reporting HARQ-ACK
For FDD with PUCCH format 1a/1b or FDD with PUCCH format 3 where HARQ-ACK corresponds to a PDSCH transmission or PDCCH indicating downlink SPS release on the primary cell only, when both HARQ-ACK and SR are transmitted in the same sub-frame a UE shall transmit the HARQ-ACK on its assigned HARQ-ACK PUCCH format 1a/1b resource for a negative SR transmission and transmit the HARQ-ACK on its assigned SR PUCCH resource for a positive SR transmission. 
For FDD with channel selection, when both HARQ-ACK and SR are transmitted in the same sub-frame a UE shall transmit spatially-bundled HARQ-ACK on its assigned SR PUCCH resource. 

For TDD and all UL-DL configurations except configuration 5, two HARQ-ACKfeedback modes are supported by higher layer configuration.

· HARQ-ACK bundling, and 

· HARQ-ACK multiplexing 

For TDD UL-DL configuration 5, only HARQ-ACK bundling is supported.

For TDD, the UE shall upon detection of a PDSCH transmission or a PDCCH indicating downlink SPS release (defined in section 9.2) within subframe(s) 
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 is defined in Table 10.1.3.1-1 intended for the UE and for which HARQ-ACK response shall be provided, transmit the HARQ-ACK response in UL subframe n.
For the special subframe configurations 0 and 5 with normal downlink CP or configurations 0 and 4 with extended downlink CP in a serving cell, shown in table 4.2-1 [3], the special subframe of the serving cell is excluded from the HARQ-ACK codebook size determination when more than one serving cell is configured for a UE.  In this case, if the serving cell is the primary cell, there is no PDCCH indicating downlink SPS release in the special subframe.
For TDD UL-DL configurations 1-6, the value of the Downlink Assignment Index (DAI) in DCI format 0/4, 
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, detected by the UE according to Table 7.3-X in subframe 
[image: image10.wmf]'

k

n

-

, where 
[image: image11.wmf]'

k

 is defined in Table 7.3-Y, represents the total number of subframes with PDSCH transmissions and with PDCCH indicating downlink SPS release to the corresponding UE within all the subframe(s)
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. The value 
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 includes all PDSCH transmission with and without corresponding PDCCH within all the subframe(s) 
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. In case neither PDSCH transmission, nor PDCCH indicating the downlink SPS resource release is intended to the UE, the UE can expect that the value of the DAI in DCI format 0/4, 
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, if transmitted, is set to 4. 

For TDD UL-DL configurations 1-6, the value of the DAI in DCI format 1/1A/1B/1D/2/2A/2B/2C denotes the accumulative number of PDCCH(s) with assigned PDSCH transmission(s) and PDCCH indicating downlink SPS release up to the present subframe within subframe(s) 
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, and shall be updated from subframe to subframe. Denote 
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 as the value of the DAI in PDCCH with DCI format 1/1A/1B/1D/2/2A/2B/2C detected by the UE according to Table 7.3-X in subframe
[image: image20.wmf]m

k

n

-

, where 
[image: image21.wmf]m

k

 is the smallest value in the set 
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 (defined in Table 10.1.3.1-1) such that the UE detects a DCI format 1/1A/1B/1D/2/2A/2B/2C.

For all TDD UL-DL configurations, denote 
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 as the total number of PDCCH(s) with assigned PDSCH transmission(s) and PDCCH indicating downlink SPS release detected by the UE within the subframe(s) 
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, which can be zero or one, as the number of PDSCH transmissions without a corresponding PDCCH within the subframe(s) 
[image: image27.wmf]k

n

-

, where 
[image: image28.wmf]K

k

Î

.

For TDD HARQ-ACK bundling or HARQ-ACK multiplexing and a subframe 
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 with 
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, the UE shall generate one or two HARQ-ACK bits by performing a logical AND operation per codeword across 
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 DL subframes associated with a single UL subframe, of all the corresponding 
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 individual PDSCH transmission HARQ-ACKs and individual ACK in response to received PDCCH indicating downlink SPS release, where 
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 is the number of elements in the set 
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 defined in Table 10.1.3.1-1. The UE shall detect if at least one downlink assignment has been missed, and for the case that the UE is transmitting on PUSCH the UE shall also determine the parameter
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. For TDD UL-DL configuration 0, 
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 shall be 1 if UE detects the PDSCH transmission with or without corresponding PDCCH within the subframe 
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· For the case that the UE is not transmitting on PUSCH in subframe n and TDD UL-DL configurations 1-6, if  
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, the UE detects that at least one downlink assignment has been missed.

· For the case that the UE is transmitting on PUSCH and the PUSCH transmission is adjusted based on a detected PDCCH with DCI format 0/4 intended for the UE and TDD UL-DL configurations 1-6, if 
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 the UE detects that at least one downlink assignment has been missed and the UE shall generate NACK for all codewords where 
[image: image42.wmf]bundled

N

 is determined by the UE as 
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. If the UE does not detect any downlink assignment missing, 
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 is determined by the UE as 
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. UE shall not transmit HARQ-ACK if 
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· For the case that the UE is transmitting on PUSCH, and the PUSCH transmission is not based on a detected PDCCH with DCI format 0/4 intended for the UE and TDD UL-DL configurations 1-6, if  
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, the UE detects that at least one downlink assignment has been missed and the UE shall generate NACK for all codewords. The UE determines 
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 as the number of assigned subframes. The UE shall not transmit HARQ-ACK if 
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For TDD, when PUCCH format 3 is configured for transmission of HARQ-ACK, the HARQ-ACK feedback 
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 for the c-th serving cell configured by RRC is constructed as follows, where c≥0, 
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 if transmission mode configured in the c-th serving cell supports one transport block or spatial bundling is applied and 
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The HARQ-ACK for a PDSCH transmission with a corresponding PDCCH or for a PDCCH indicating downlink SPS release in subframe 
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 if transmission mode configured in the c-th serving cell supports one transport block or spatial bundling is applied, or associated with 
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 otherwise, where DAI(k) is the value of DAI in DCI format 1A/1B/1D/1/2/2A/2B/2C detected in subframe 
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 are the HARQ-ACK feedback for codeword 0 and codeword 1, respectively. For the case with 
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, the HARQ-ACK associated with a PDSCH transmission without a corresponding PDCCH is mapped to 
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 The HARQ-ACK feedback bits without any detected PDSCH transmission or without detected PDCCH indicating downlink SPS release are set to NACK.
For TDD HARQ-ACK bundling, when the UE is configured by transmission mode 3, 4 or 8 defined in Section 7.1 and HARQ-ACK bits are transmitted on PUSCH, the UE shall always generate 2 HARQ-ACK bits assuming both codeword 0 and 1 are enabled. For the case that the UE detects only the PDSCH transmission associated with codeword 0 within the bundled subframes, the UE shall generate NACK for codeword 1.

Table 7.3-X: Value of Downlink Assignment Index

	DAI
MSB, LSB
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	Number of subframes with PDSCH transmission and with PDCCH indicating DL SPS release

	0,0
	1
	1 or 5 or 9

	0,1
	2
	2 or 6

	1,0
	3
	3 or 7

	1,1
	4
	0 or 4 or 8


Table 7.3-Y: Uplink association index k’ for TDD
	TDD UL/DL
Configuration
	subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	
	
	6
	4
	
	
	
	6
	4
	

	2
	
	
	4
	
	
	
	
	4
	
	

	3
	
	
	4
	4
	4
	
	
	
	
	

	4
	
	
	4
	4
	
	
	
	
	
	

	5
	
	
	4
	
	
	
	
	
	
	

	6
	
	
	7
	7
	5
	
	
	7
	7
	


For TDD HARQ-ACK multiplexing and a subframe 
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, spatial HARQ-ACK bundling across multiple codewords within a DL subframe is performed by a logical AND operation of all the corresponding individual HARQ-ACKs. In case the UE is transmitting on PUSCH, the UE shall determine the number of HARQ-ACK feedback bits  
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 to be transmitted in subframe n in case the UE is transmitting on PUSCH.

· If the PUSCH transmission is adjusted based on a detected PDCCH with DCI format 0/4 intended for the UE, then 
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 in which case the UE shall not transmit HARQ-ACK. The spatially bundled HARQ-ACK for a PDSCH transmission with a corresponding PDCCH or for a PDCCH indicating downlink SPS release in subframe 
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 where DAI(k) is the value of DAI in DCI format 1A/1B/1D/1/2/2A/2B/2C detected in subframe 
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. The HARQ-ACK feedback bits without any detected PDSCH transmission or without detected PDCCH indicating downlink SPS release are set to NACK.
· If the PUSCH transmission is not adjusted based on a detected PDCCH with DCI format 0/4 intended for the UE, 
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 is associated with the spatially bundled HARQ-ACK for DL subframe 
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. The HARQ-ACK feedback bits without any detected PDSCH transmission or without detected PDCCH indicating downlink SPS release are set to NACK. The UE shall not transmit HARQ-ACK if 
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For TDD when both HARQ-ACK and SR are transmitted in the same sub-frame, a UE shall transmit the bundled HARQ-ACK or the multiple ACK/NAK responses (according to section 10.1) on its assigned HARQ-ACK PUCCH resources for a negative SR transmission. For a positive SR, the UE shall transmit 
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 on its assigned SR PUCCH resource using PUCCH format 1b according to section 5.4.1 in [3]. The value of 
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 are generated according to Table 7.3-1 from the 
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 HARQ-ACK responses including ACK in response to PDCCH indicating downlink SPS release by spatial ACK/NAK bundling across multiple codewords within each PDSCH transmission. For TDD UL-DL configurations 1-6, if 
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, the UE detects that at least one downlink assignment has been missed.
Table 7.3-1: Mapping between multiple HARQ-ACK responses and 
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	Number of ACK among multiple (
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	0 or None (UE detect at least one DL assignment is missed)
	0, 0

	1
	1, 1

	2
	1, 0

	3
	0, 1

	4
	1, 1

	5
	1, 0

	6
	0, 1

	7
	1, 1

	8
	1, 0

	9
	0, 1


For TDD when both HARQ-ACK and CSI are configured to be transmitted in the same sub-frame on the PUCCH, a UE shall transmit the CSI and 
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 using PUCCH format 2b for normal CP or PUCCH format 2 for extended CP, according to section 5.2.3.4 in [4] with 
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 HARQ-ACK responses including ACK in response to PDCCH indicating downlink SPS release by spatial HARQ-ACK bundling across multiple codewords within each PDSCH transmission. For TDD UL-DL configurations 1-6, if 
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, the UE detects that at least one downlink assignment has been missed.
When only HARQ-ACK or only a positive SR is transmitted a UE shall use PUCCH Format 1a/1b for the HARQ-ACK resource and PUCCH Format 1 for the SR resource as defined in section 5.4.1 in [3].
Annex B – text proposal for CSI+A/N in TDD
====================================== TS 36.213 ======================================

10.1.1  
PUCCH format information
Using the PUCCH formats defined in section 5.4.1 and 5.4.2 in [3], the following combinations of UCI on PUCCH are supported:

· Format 1a for 1-bit HARQ-ACK  or in case of FDD for 1-bit HARQ-ACK with positive SR

· Format 1b for 2-bit HARQ-ACK or for 2-bit HARQ-ACK with positive SR

· Format 1b for up to 4-bit HARQ-ACK with channel selection when the UE is configured with more than one serving cell in the case of FDD or, in the case of TDD, when the UE is configured with a single serving cell

· Format 1 for positive SR

· Format 2 for a CSI report when not multiplexed with HARQ-ACK

· Format 2a for a CSI report multiplexed with 1-bit HARQ-ACK for normal cyclic prefix

· Format 2b for a CSI report multiplexed with 2-bit HARQ-ACK for normal cyclic prefix

· Format 2 for a CSI report multiplexed with HARQ-ACK for extended cyclic prefix

· Format 3 for up to 10-bit HARQ-ACK for FDD and for up to 20-bit HARQ-ACK for TDD

· Format 3 for up to 11-bit corresponding to 10-bit HARQ-ACK and 1-bit positive/negative SR for FDD and for up to 21-bit corresponding to 20-bit HARQ-ACK and 1-bit positive/negative SR for TDD.

A UE that supports up to 4 HARQ-ACK bits shall use PUCCH format 1b with channel selection for transmission of HARQ-ACK when configured with more than one serving cell. 

A UE that supports more than 4 HARQ-ACK bits is configured by higher layer signalling to use either PUCCH format 1b with channel selection or PUCCH format 3 for transmission of HARQ-ACK for TDD or when configured with more than one serving cell in FDD.  

[For PUCCH format 3, a UE shall generate a NACK for a DTX HARQ-ACK response for a transport block associated with a configured serving cell. <editors note: this sentence is considered problematic by some companies in terms of reliable generation of proper number of NACKs >]
The scrambling initialization of PUCCH format 2, 2a, 2b and 3 is by C-RNTI.

In case of collision between a periodic CSI report and an HARQ-ACK in a same subframe without PUSCH and the UE is configured with a single serving cell, the periodic CSI report is multiplexed with HARQ-ACK on PUCCH if the parameter simultaneousAckNackAndCQI provided by higher layers is set TRUE, where the HARQ-ACK is generated according to Table 7.3-1 for TDD, otherwise the CSI is dropped. 

In case of collision between a CSI and an HARQ-ACK in a same subframe without PUSCH and the UE is configured with more than one serving cell, the periodic CSI report is multiplexed with HARQ-ACK on PUCCH if the parameter simultaneousAckNackAndCQI provided by higher layers is set TRUE and if the HARQ-ACK corresponds to one or multiple PDSCH transmission and/or PDCCH indicating downlink SPS release only on the primary cell, where the HARQ-ACK is generated according to Table 7.3-1 for TDD, otherwise CSI is dropped.
In case of collision between a periodic CSI and an HARQ-ACK in a same subframe with PUSCH, the periodic CSI is multiplexed with the HARQ-ACK in the PUSCH transmission in that subframe if the UE is not configured by higher layers simultaneous PUCCH and PUSCH transmissions. Otherwise, if the UE is configured by higher layers simultaneous PUCCH and PUSCH transmissions, the HARQ-ACK is transmitted in the PUCCH and the periodic CSI in transmitted in the PUSCH.
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