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1. Introduction

In RAN1#82bis meeting [1], a number of agreements are made for new PUCCH format as follows: 
Agreements:

· The PUSCH-like new PUCCH format is designed as follows:

· No. of DMRS per slot is 1 for both CP cases.

· For normal CP cases, DMRS is located on #3 SC-FDMA symbol of each slot.
· For extended CP cases, DMRS is located on #2 SC-FDMA symbol of each slot.

· Same DMRS symbol(s) generation procedure is applied as in PUSCH.

· Cell-specific parameters Group-hopping-enabled,  n(1)DMRS, and Dss are common between DMRSs for PUSCH and PUSCH-like new PUCCH format.

· UE-specific parameters nRSID and Ncsh_DMRSID for DMRS on PUSCH-like new PUCCH format are independently configurable from those for DMRS on PUSCH.

· Inter-slot FH is applied as in legacy PUCCHs
· Shortened PUCCH format is supported
· The PUCCH resource without multiplexing is represented by the following factors.

· Starting PRB index (0-109)

· The number of PRBs (3 bits)

· For transmit power control of the PUSCH-like new PUCCH format,

· 10log10(MPUCCH_PRB) is included with MPUCCH_PRB being the no. of PRBs.

Agreements:

· Multiplexing of multiple users in a CDM-based PUCCH format is supported 
· New PUCCH format with CDM is optional for UEs supporting CA with more than 5 serving cells
· Parameters for new PUCCH format with CDM can be configured by the eNB for multiuser multiplexing based on R1-156308
· FFS: Dynamic PUCCH format adaptation between different PUCCH formats is supported
Agreement:

· For the PUSCH-like new PUCCH format,

· At least when ARI is available, PUCCH resource is indicated by ARI.

· 2-bit ARI indicates one of the PUCCH resources configured by higher-layers.

Agreement: 

· For both FDD and TDD, configure 4 PUCCH resources for whichever of the new PUCCH formats is configured, indicated by ARI

· In case of the PUSCH-like format, each PUCCH resource may comprise a different number of PRBs
· FFS which ARI applies in case of payload size changing during bundling window with TDD.

Agreements:
· For the PUSCH-like new PUCCH format,

· Transmit diversity scheme is not supported for the PUSCH-like new PUCCH format.

Working Assumption: 

· For the power-control of the PUSCH-like new PUCCH format,

· DF_PUCCH(F) is included, where DF_PUCCH(F) is the PF-dependent power offset. 

· For the DF_PUCCH(F), one of [FFS, e.g. 4 or 8] values is configured by higher-layers. 

· FFS: Exact values. 

Agreements: 

· For the PUSCH-like new PUCCH format,

· If there is HARQ-ACK or HARQ-ACK+SR only,

· HARQ-ACK and SR (1-bit) is jointly encoded.

· If there is multi-cell P-CSIs only,

· Multi-cell P-CSIs are jointly encoded.

· If there is HARQ-ACK/SR + multi-cell P-CSIs, 

· Joint coding for HARQ-ACK/SR + multi-cell P-CSIs.

Agreements:

· For the PUSCH-like new PUCCH format, 
· Reusing the existing power control parameters

· FFS: necessity of additional parameters

Agreements:

· At least for FDD, for the Rel-13 UE configured to transmit up to more than 22 HARQ-ACK bits with a dynamic codebook configuration (i.e., the maximum possible codebook size is more than 22 bits) in a subframe, 

· Dynamic adaptation between PUCCH format 3 and one of the new PUCCH formats is supported for the actual HARQ-ACK transmission
In this contribution, we continue to discuss the details on new PUCCH format design for supporting Rel-13 CA of up to 32 DL carriers. 
2. CRC attachment

If UE transmits less than or equal to 22 HARQ-ACK/SR bits in a subframe, it can be burden to attach CRC especially when PUCCH payload size is small. At least when HARQ-ACK/SR bits less than or equal to 22 bits are transmitted on PUCCH format 3, it can be considered to use RM coding and not to attach CRC bits. In other case, as a unified solution, CRC is attached and TBCC is used as channel coding when HARQ-ACK/SR is transmitted on new PUCCH format. 
Furthermore, it is needed to decide how to generate and transmit CRC for simultaneous transmission of multiple UCIs, e.g. both HARQ-ACK/SR and periodic CSI on PUCCH. Considering joint coding for multiple UCI transmission, at least when overall UCI size including HARQ-ACK/SR and periodic CSI is larger than 22 bits, CRC can be generated after multiplexing HARQ-ACK/SR bits and periodic CSI bits. Otherwise, if overall UCI size is less than or equal to 22 bits, same principle can be applied with HARQ-ACK/SR only case. 
Proposal 1: Channel coding scheme and CRC attachment is to be applied depending on the PUCCH format used for HARQ-ACK/SR (and/or periodic CSI) transmission: 

· If PUCCH format 3 is used, RM coding is used and CRC is not applied to UCI. 

· If new PUCCH format is used, TBCC is used and CRC is applied to UCI. 
3. TBCC output to PUCCH RE mapping 
After rate-matching with sub-block interleaving, the RE mapping method for the coded symbols can be summarized as follows: 

· Option 1: Rate-matched TBCC coded symbols are mapped to PUCCH RE in increasing order of frequency index first, then SC-FDMA symbol index (i.e. frequency-first mapping). 

· Option 2: TBCC coded symbols are interleaved first to distribute each output stream to both slot. Next, the interleaved TBCC coded symbols are mapped to PUCCH RE in increasing order of frequency index first, then SC-FDMA symbol index. (i.e. interleaving-based mapping)
· Option 3: Rate-matched TBCC coded symbols are mapped to PUCCH RE in increasing order of SC-FDMA symbol index first, then frequency index (i.e. time-first mapping).

First of all, Option 1 and Option 2 can be seen to follow the RE mapping rule used for legacy PUCCH format 3 in case with single RM coding (when UCI size is less than 12 bits) and in case with dual RM coding (when UCI size is larger than 11 bits), respectively. On the other hand, Option 3 is the RE mapping rule used for UL-SCH (and CSI) mapping on PUSCH. In case of interleaving after encoding, it would not be effective when UCI size is small since each TBCC output stream can be mapped on both slots due to the repetition. At large UCI payload size, the interleaving after encoding can distribute each output stream across both slots, but it is not guarantee performance improvement according to the numerical results in Figure A.1 (in Appendix A). Unlike dual RM case, TBCC output streams are already highly correlated each other since they are coming from the same single TBCC encoder. In that point of view, it is unclear to introduce this additional process for new PUCCH format. Moreover, based on the numerical results in Figure A.1 (in Appendix A), it is observed that difference of HARQ-ACK performance between these three options is marginal or negligible. Therefore, it is preferable to use Option 3 for new PUCCH format (e.g. PUCCH format 4). In this case, it is expected that the current processing chain for PUSCH (aperiodic CSI report without UL-SCH) can be reused for new PUCCH format transmission. 
Proposal 2: Time-first mapping (i.e., rate-matched TBCC coded symbols are mapped to PUCCH RE in increasing order of SC-FDMA symbol index first, then frequency index) can be used for new PUCCH format 4. 

4. Shortened PUCCH format
In case of legacy PUCCH transmission, shortened format is always used in cell-specific SRS subframe regardless of whether PUCCH resource (e.g. PRB) is overlapped with cell-specific SRS bandwidth or not. If one UE will transmit SRS in the last SC-FDMA symbol, this UE needs to use shortened PUCCH format for low PAPR. In this case, it is necessary that other UEs also need to use shortened PUCCH format to be multiplexed with the UE transmitting SRS within the same PRB. 
However, in case of new PUCCH format, PUCCH format 4 does not apply CDM to UCI/DMRS symbols for multi-UE multiplexing and PUCCH format 5 applies CDM to UCI/DMRS symbols in frequency-domain, unlike legacy PUCCH format 3. Therefore, it is inefficient to always use shortened PUCCH format in a cell-specific SRS subframe even if PUCCH regions is not overlapped with cell-specific SRS bandwidth. Since coding rate of UCI will increase when shortened PUCCH format is used, DL throughput performance might be degraded to guarantee reliable UCI code rate or more UL transmit power for PUCCH transmission might be required to recover the increased code rate of UCI. Considering TDD system, if simultaneous transmission of HARQ-ACK and SRS is configured, shortened PUCCH format will be used in most UL subframes. In this point of view, it can be considered that PUCCH format 4/5 follows PUSCH behaviour (e.g. rate-matching around SRS symbol only in case of overlapping with cell-specific SRS bandwidth) rather than legacy PUCCH behaviour. 
Proposal 3: If the parameter ackNackSRS-SimultaneousTransmission is set to TRUE, shortened format for new PUCCH format 4/5 can be used only for the cases below, by following PUSCH rate-matching behavior:
· If the UE transmit SRS in the same subframe, or

· If the PUCCH transmission overlaps with cell-specific SRS bandwidth in cell-specific SRS subframe, or
· If the PUCCH is transmitted in the subframe configured for UE-specific SRS
5. Frequency hopping for new PUCCH format

For efficient and flexible UL resource utilization in case with new PUCCH format consuming multiple PRBs, it would be beneficial to configure whether slot hopping is enabled or disabled for a new PUCCH format resource. With this configurability, UL resources can be fully utilized even for odd number of UEs operating with new PUCCH format by disabling slot hopping at the sacrifice of frequency diversity gain. Specifically, this configurability can be resource-specific according to UE load configured with new PUCCH format. With this configurability, even in case when frequency diversity gain is required all the time to guarantee UCI performance, eNB can also configure to enable slot hopping for all the PUCCH resource. 
Proposal 4: Configurability to apply slot hopping for new PUCCH format resource is to be considered for efficient and flexible UL resource utilization. 

6. Power control for new PUCCH format 
In RAN1#82bis, new PUCCH format (i.e., PUCCH format 4) was agreed to completely reuse the existing PUSCH structure in terms of UCI/DMRS symbol location per slot and DMRS sequence related parameters. In addition, it was also agreed that UCI (e.g. HARQ-ACK and/or periodic CSI) payload size on PUCCH would be varied according to eNB’s DL scheduling and CSI configuration. Besides, it was also agreed that PUCCH format or PUCCH resource size (i.e., the number of REs or PRBs) would be varied. Moreover, the number of REs would be reduced in case when shortened format or extended CP is used for new PUCCH format transmission, compared to the case of using normal format/CP. Here, considering UCI on PUSCH without UL-SCH case in current operation, transmit power for the PUSCH can be adjusted based on UCI (e.g. CSI) payload size and the number of REs used for UCI mapping by using ΔTF,c(i) term. For these reasons, it seems to be reasonable to reuse power control formula for PUSCH transmission as much as possible to design that of new PUCCH format.
Proposal 5: It would be reasonable to apply power control formula for PUSCH transmission based on ΔTF,c(i) term as baseline for designing that of new PUCCH format.
In PUSCH power control formula, the term ΔTF,c(i) is defined by the following equation:
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 when deltaMCS-Enabled is configured. 
Since the detection performances are quite similar between HARQ-ACK and periodic CSI transmission when CRC is applied to UCI, this formula can be extended to HARQ-ACK transmission. Then, the definition of BPRE can be extended to OUCI/NRE where OUCI is the number of UCI (e.g. HARQ-ACK and/or periodic CSI) bits including CRC bits. The next step to design PUCCH power control would be to decide the value of Ks and beta offset. Unlike PUSCH transmission, the baseline of PUCCH transmission is to apply frequency slot hopping. Therefore, it is expected that the offset value Ks for new PUCCH format transmission can be further reduced compared to PUSCH transmission with consideration of frequency diversity gain. For simplicity, the value of beta offset is set to the default value of 
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 which is 10. Figure 1 presents the required SINR versus the number of UCI bits including CRC bits where solid line is obtained by using Ks = 0.45, and as shown in the figure, the modified ΔTF,c(i) based on the Ks value would fit well the link level performance curve.  
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Figure 1: Example of setting of ΔTF,c(i) for PUCCH format 4.
Proposal 6: For power control of new PUCCH format 4, KS = 0.45 and β = 10 could be used in the formula of ΔTF,c(i) in order to fit link level performance. 
Regarding the relevant discussions, new PUCCH format 4 or 5 will be used for Rel-13 CA configuration, i.e., with more than 5 carriers. In this case, the reference bit size to decide ΔF_PUCCH(F) for PUCCH format 4 or 5 can be 6 bits (e.g. the minimum number of HARQ-ACK bits in Rel-13 CA) while other PUCCH format (e.g. PUCCH format 3) assume 2 bits as the reference number of bits for ΔF_PUCCH(F). According to our simulation results summarized in Table 1, the candidates of ΔF_PUCCH(F) for PUCCH format 4 are [6, 7, 8, 9, 10, 11]. As a reference, the range of ΔF_PUCCH(F) for PUCCH format 1a is [-2, 0, 2]. Since PUCCH format 4 will have 8 bits-CRC, the performance difference seems relatively large compared to the performance difference between PUCCH format 1a and PUCCH format 3. Note that if it is necessary to set the initial value of ΔTF,c(i) to certain power level, the range of ΔF_PUCCH(F) can be further modified. 
Table 1: The performance difference between PUCCH format 1a and PUCCH format 4.
	
	ETU 3kmph
	ETU 120 kmph
	EPA 3kmph

	Difference
	7.9
	8.1
	8.35


Proposal 7: The values of ΔF_PUCCH(F) for PUCCH format 4 could be considered as [6, 7, 8, 9, 10, 11], and certain offset might be added to those values for the initial power setting if necessary.  
7. Other aspect

· Simultaneous transmission of PUSCH and PUCCH format 4

In Rel-10 CA, the capability of simultaneous transmission of PUCCH and PUSCH is distinguished from the capability of clustered RB allocation for PUSCH transmission. It means that even if simultaneous transmission PUCCH and PUSCH is not configured, it is possible to allocate PRBs for PUSCH transmission non-contiguously. Since baseline structure of PUCCH format 4 is PUSCH transmission, it can be considered to allow simultaneous transmission between PUSCH and PUCCH format 4 even if simultaneous PUSCH and PUCCH transmissions is not configured. 

Proposal 8: It is necessary to clarify the relationship between the capability on simultaneous transmission of PUSCH/PUCCH format 4 and the capability on multi-cluster transmission of PUSCH.  
If PUSCH and PUCCH format 4 are transmitted simultaneously in a subframe, UCI distribution rule on either PUCCH or PUSCH can be further improved. Since PUCCH format 4 can support larger payload size compared to legacy PUCCH format 3 which would be compatible with PUSCH transmission, periodic CSI can be transmitted on PUCCH format 4 to reduce UL-SCH rate-matching impact on PUSCH when simultaneous transmission of HARQ-ACK and periodic CSI on PUCCH format 4 is configured. 
Proposal 9: When simultaneous transmission of PUSCH and PUCCH format 4 is enabled, it can be considered to transmit periodic CSI on PUCCH format 4 with HARQ-ACK to reduce UL-SCH rate-matching impact on PUSCH. 
· Simultaneous transmission of periodic CSI and SRS

Unlike PUCCH format 2, PUCCH format 3, 4, and 5 can support shortened format at least to support simultaneous transmission of HARQ-ACK and SRS. In this case, it may need to consider the case when PUCCH format 3/4/5 transmits multiple periodic CSIs only and the periodic CSI transmission is collided with SRS in a same subframe. To support the multiplexing between PUCCH format 3/4/5 and SRS in a subframe, it is necessary to discuss on when to use shortened format for PUCCH format 3/4/5 with periodic CSI only transmission. 
Proposal 10: PUCCH format 3, 4, and 5 conveying periodic CSI feedback only can support shortened format with consideration of multiplexing with SRS transmission. 
8. Conclusions
This contribution addressed some consideration points and provided our view on design of new PUCCH format to support UCI transmission for Rel-13 CA. The followings are our proposals: 
Proposal 1: Channel coding scheme and CRC attachment is to be applied depending on the PUCCH format used for HARQ-ACK/SR (and/or periodic CSI) transmission: 

· If PUCCH format 3 is used, RM coding is used and CRC is not applied to UCI. 

· If new PUCCH format is used, TBCC is used and CRC is applied to UCI. 
Proposal 2: Time-first mapping (i.e., rate-matched TBCC coded symbols are mapped to PUCCH RE in increasing order of SC-FDMA symbol index first, then frequency index) can be used for new PUCCH format 4. 

Proposal 3: If the parameter ackNackSRS-SimultaneousTransmission is set to TRUE, shortened format for new PUCCH format 4/5 can be used only for the cases below, by following PUSCH rate-matching behavior:

· If the UE transmit SRS in the same subframe, or

· If the PUCCH transmission overlaps with cell-specific SRS bandwidth in cell-specific SRS subframe, or

· If the PUCCH is transmitted in the subframe configured for UE-specific SRS

Proposal 4: Configurability to apply slot hopping for new PUCCH format resource is to be considered for efficient and flexible UL resource utilization
Proposal 5: It would be reasonable to apply power control formula for PUSCH transmission based on ΔTF,c(i) term as baseline for designing that of new PUCCH format.
Proposal 6: For power control of new PUCCH format 4, KS = 0.45 and β = 10 could be used in the formula of ΔTF,c(i) in order to fit link level performance. 
Proposal 7: The values of ΔF_PUCCH(F) for PUCCH format 4 could be considered as [6, 7, 8, 9, 10, 11], and certain offset might be added to those values for the initial power setting if necessary.  
Proposal 8: It is necessary to clarify the relationship between the capability on simultaneous transmission of PUSCH/PUCCH format 4 and the capability on multi-cluster transmission of PUSCH.  
Proposal 9: When simultaneous transmission of PUSCH and PUCCH format 4 is enabled, it can be considered to transmit periodic CSI on PUCCH format 4 with HARQ-ACK to reduce UL-SCH rate-matching impact on PUSCH. 
Proposal 10: PUCCH format 3, 4, and 5 conveying periodic CSI feedback only can support shortened format with consideration of multiplexing with SRS transmission. 
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Appendix A
In the simulations, we measure and provide the required SINR to meet the HARQ-ACK performance target in Table A.1. The detailed link-level simulation assumptions are provided in Table A.1. 
Table A.1: Link-level simulation assumptions
	Parameters
	Assumptions

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Channel model
	ETU, EPA

	UE speed
	3 km/h, 120km/h

	Frequency hopping
	At slot boundary

	Antenna set up
	1Tx-2Rx

	Channel estimation
	Practical

	CP type
	Normal CP

	Noise estimation
	Ideal

	Number of PRBs for multi-RB PUCCH format
	1

	Number of HARQ-ACK bit
	32, 64, 128

	CRC length
	8

(If CRC fails, all HARQ-ACK bits are set to NACK.)

	Channel coding
	TBCC with mother code rate  = 1/3

	Performance target
	PUCCH DTX error probability [image: image9.png]=1072



,
ACK-to-NACK error probability [image: image11.png]=1072



,
NACK-to-ACK error probability [image: image13.png]1073






Table A.2: Performance results on new PUCCH format 4.
	Multiplexing capacity
	1

	# DMRS symbol per slot
	1

	# PRB
	1

	Required SINR for UCI = 32 bits
	1.2 dB

	Required SINR for UCI = 64 bits
	3.2 dB

	Required SINR for UCI = 128 bits
	6.5 dB
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Figure A.1: Error rate of PUCCH format 4 according to PUCCH RE mapping.
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Figure A.2: Error rates of PUCCH format 4: 
(a) UCI size = 32 bits, (b) UCI size = 64 bits, (c) UCI size = 128 bits.
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