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1 Introduction
The coding scheme for PUCCH format 3 in TDD was agreed in previous meetings that [1, 2]:
· For PUCCH format 3 with A/N payload size less than or equal 11 bits, the (32, O) RM code from Rel-8 with circular buffer rate matching (single RM code) is reused. 
· For PUCCH format 3 with A/N payload size larger than 11 bits, dual RM code in [3] is adopted.
The ordering and coding of A/N bits for PUCCH format 3 in FDD was agreed to adopt the rule described in section 5.2.3.1 in ‎ [4].
In this contribution, we will provide the scheme for the ordering and partition of A/N bits from different CCs and different DL subframes for TDD. Furthermore, we will provide the related text proposals for 36.212 and 36.213
2 Ordering and segmentation of A/N bits
In FDD, the ordering of A/N bits is based on the cell index value of configured CCs, i.e., from lower one to higher one [4]. In TDD, A/N bits can further be from time dimension besides from CC dimension since A/N associated to PDSCH for multiple subframes may be reported in the same UL subframe. How to arrange these A/N bits from two dimensions was not discussed before. 
From performance perspective, there will be some performance difference for different ordering and segmentation schemes in case of dual RM coding considering practical scheduling strategy. The main motivation is to distribute the A/N bits with actual PDSCH transmission as evenly as possible into two subcode blocks. More importantly, to reduce the probability as much as possible that the A/N bits corresponding to actual PDSCH transmission are all placed in the same subcode block and A/N bits in the other subcode block are all without actual PDSCH transmisison. 
Based on the discussion in [5][6], a harmonized scheme is proposed:
· Assume B is the number of downlink subframes that UE needs to feedback ACK/NACK bits, where the determination of B is FFS. The number of A/N bit to be reported for a given CC is B if single codeword is configured or spatial bundling is applied, otherwise 2B.
· For a given DL CC, the A/N bit(s) with corresponding PDCCH is associated with 
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for two codewords, where DAI(k) is DL DAI detected in subframe 
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. The ACK/NACK bit without corresponding PDCCH is mapped to the last one bit or the last two bits. The remaining A/N bits are set to NACK.
· Concatenate the A/N bits for all the configured cells with the ascending CC index to form the sequence {Oi}.
· When the number of A/N bits is larger than 11, the A/N bits with odd value of i and the A/N bits with even value of i are put into the two subcode blocks respectively. 
An illustration of the scheme is shown in the following tables.
Table 1 The scheduling status at eNB side

	CC\subframe
	SF1
	SF2
	SF3
	SF4

	CC0（2CWs）
	DAI=1
	SPS
	DAI=2
	DAI=3

	CC2（2CWs）
	
	DAI=1
	DAI=2
	DAI=3

	CC3（1CW）
	DAI=1
	DAI=2
	
	


Table 2 The receiving status at UE side

	CC\subframe
	SF1
	SF2
	SF3
	SF4

	CC0（2CWs）
	DAI=1
	SPS
	DAI=2(missed)
	DAI=3

	CC2（2CWs）
	
	DAI=1
	DAI=2
	DAI=3(missed)

	CC3（1CW）
	DAI=1
	DAI=2
	
	


Distribute A/N bits alternatively into two subcode blocks as shown in table 3, where a(i) indicates A/N bits in the first subcode block and b(j) indicates A/N bits in the second subcode block, and the number of DL subframes to feedback is assumed to be M=4 w.r.t. HARQ timing as an example.
Table 3 ordering and partitioning into two subcode blocks
	CC\subfame
	1
	2
	3
	4

	CC0（2CWs）
	DAI=1
	0,0
	DAI=3
	SPS

	
	a(0),b(0)
	a(1),b(1)
	a(2),b(2)
	a(3),b(3)

	CC2（2CWs）
	DAI=1
	DAI=2
	0,0
	 0,0

	
	a(4),b(4)
	a(5),b(5)
	a(6),b(6)
	a(7),b(7)

	CC3（1CWs）
	DAI=1
	DAI=2
	0
	0

	
	a(8)
	b(8)
	a(9)
	b(9)


Note, although the A/N bits of missed subframe are also ‘0’ or ‘0, 0’, it is still valid bits which is different from those unscheduled subframe. 
It can be seen that the A/N bits corresponding to scheduled subframes are distributed almost evenly into two subcode blocks in case of dual RM coding, which is much less sensitive to the actual scheduling, since the value of DL DAI is utilized which represents the actual scheduling and the two codewords associated to the same subframe are distributed into two subcode blocks.

3 Conclusion  
In this contribution, a proposal is provided for the ordering and partition of A/N bits as following. Furthermore, the related text proposals for 36.212 and 36.213 are attached in the end.

· Assume B is the number of downlink subframes that UE needs to feedback ACK/NACK bits, where the determination of B is FFS. The number of A/N bit to be reported for a given CC is B if single codeword is configured or spatial bundling is applied, otherwise 2B.
· For a given DL CC, the A/N bit(s) with corresponding PDCCH is associated with 
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if single codeword is configured or spatial bundling is applied, otherwise 
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for two codewords, where DAI(k) is DL DAI detected in subframe 
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. The ACK/NACK bit without corresponding PDCCH is mapped to the last one bit or the last two bits. The remaining A/N bits are set to NACK.
· Concatenate the A/N bits for all the configured cells with the ascending CC index to form the sequence {Oi}.
· When the number of A/N bits is larger than 11, the A/N bits with odd value of i and the A/N bits with even value of i are put into the two subcode blocks respectively. 
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4 Text Proposal
====================================TS 36.213===============================
7.3
UE procedure for reporting ACK/NACK

For FDD, when both ACK/NACK and SR are transmitted in the same sub-frame a UE shall transmit the ACK/NACK on its assigned ACK/NACK PUCCH resource for a negative SR transmission and transmit the ACK/NACK on its assigned SR PUCCH resource for a positive SR transmission. 

For TDD and all UL-DL configurations except configuration 5, two ACK/NACK feedback modes are supported by higher layer configuration.

· ACK/NACK bundling, and 

· ACK/NACK multiplexing 

For TDD UL-DL configuration 5, only ACK/NACK 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 10.1-1 intended for the UE and for which ACK/NACK response shall be provided, transmit the ACK/NACK response in UL subframe n. 

For TDD UL-DL configurations 1-6, the value of the Downlink Assignment Index (DAI) in DCI format 0, 
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, detected by the UE according to Table 7.3-X in subframe 
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 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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 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, 
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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
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 is the smallest value in the set 
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 (defined in Table 10.1-1) 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) 
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For TDD ACK/NACK bundling or ACK/NACK multiplexing and a subframe 
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 with 
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, the UE shall generate one or two ACK/NACK 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 ACK/NACKs 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 10.1-1. 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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 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 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 
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 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 
[image: image48.wmf]UL

DAI

V

N

=

bundled

. UE shall not transmit ACK/NACK 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 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 ACK/NACK 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 cell configured by RRC is constructed as follows, where c≥0, 
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is the number of downlink subframes that UE needs to feedback ACK/NACK bits. 
The ACK/NACK 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 this cell belongs to 
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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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 if transmission mode configured in this cell belongs to 
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otherwise. The ACK/NACK feedback bits without any detected PDSCH transmission or without detected PDCCH indicating downlink SPS release are set to NACK.
For TDD ACK/NACK bundling, when the UE is configured by transmission mode 3, 4 or 8 defined in Section 7.1 and ACK/NACK bits are transmitted on PUSCH, the UE shall always generate 2 ACK/NACK 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
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	4
	
	
	
	6
	4
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	4
	4
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	7
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	7
	7
	


For TDD ACK/NACK multiplexing and a subframe 
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, spatial ACK/NACK bundling across multiple codewords within a DL subframe is performed by a logical AND operation of all the corresponding individual ACK/NACKs. In case the UE is transmitting on PUSCH, the UE shall determine the number of ACK/NAK 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 intended for the UE, then 
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 in which case the UE shall not transmit ACK/NACK. The spatially bundled ACK/NACK 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 ACK/NACK 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 intended for the UE, 
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 is associated with the spatially bundled ACK/NACK for DL subframe 
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. The ACK/NACK feedback bits without any detected PDSCH transmission or without detected PDCCH indicating downlink SPS release are set to NACK. The UE shall not transmit ACK/NACK if 
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For TDD when both ACK/NACK and SR are transmitted in the same sub-frame, a UE shall transmit the bundled ACK/NACK or the multiple ACK/NAK responses (according to section 10.1) on its assigned ACK/NACK 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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 ACK/NACK 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 ACK/NACK responses and 
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	Number of ACK among multiple (
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) ACK/NACK responses
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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 ACK/NACK and CQI/PMI or RI are configured to be transmitted in the same sub-frame on the  PUCCH, a UE shall transmit CQI/PMI or RI 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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 ACK/NACK responses including ACK in response to PDCCH indicating downlink SPS release by spatial ACK/NACK 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 ACK/NACK or only a positive SR is transmitted a UE shall use PUCCH Format 1a or 1b for the ACK/NACK resource and PUCCH Format 1 for the SR resource as defined in section 5.4.1 in [3].
============================ TS 36.212======================================
5.2.3.1
Channel coding for UCI HARQ-ACK

The HARQ-ACK bits are received from higher layers for each subframe of each cell.  Each positive acknowledgement (ACK) is encoded as a binary ‘1’ and each negative acknowledgement (NACK) is encoded as a binary ‘0’. For the case where PUCCH format 3 [2] is configured by higher layers and is used for transmission of the HARQ-ACK feedback information, the HARQ-ACK feedback consists of the concatenation of HARQ-ACK information bits for each of the serving cells. For cells configured with transmission modes 1, 2, 5, 6 or 7 [3], i.e., single codeword transmission modes, 1 bit of HARQ-ACK information, 
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In case a the transmission of scheduling request coincides in time with the transmission of HARQ-ACK feedback using PUCCH format 3[2], the scheduling request is appended at the end of the sequence of concatenated HARQ-ACK information bits. 

Define 
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Set i = 0
-- cell index: lower indices correspond to lower RRC indices of corresponding cell

Set j = 0 
-- HARQ-ACK information index

Set 
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if transmission mode configured in cell 
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-- 1 bit HARQ-ACK feedback for this cell
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For TDD subframe n, the sequence of bits 
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Set c = 0
-- cell index: lower indices correspond to lower RRC indices of corresponding cell

Set j = 0 
-- HARQ-ACK information index

Set 
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Set B to the number of downlink subframes that UE needs to feedback ACK/NACK bits. 
while c< 
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set l=0;
while l< B

if transmission mode configured in cell c 
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-- 1 bit HARQ-ACK feedback for this cell
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 HARQ-ACK information bit of this cell
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 HARQ-ACK information bit corresponding to the two codewords of this cell
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l=l+1
end while

c = c + 1
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where i = 0, 1, 2, …, 31 and the basis sequences 
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where i = 0, 1, 2, …, B-1 and where 
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where i = 0, 1, 2, …, 23 and the basis sequences 
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end while

For a UE configured with one DL Cell, HARQ-ACK consists of 1-bit of information, i.e., 
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  or 2-bits of information, i.e., 
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 with 
[image: image160.wmf]0

b

 corresponding to HARQ-ACK bit for codeword 1 and 
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 corresponding to that for codeword 2.
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