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1. Introduction
In RAN1 #82bis meeting, following agreements were made:

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
In this contribution, we discuss the remaining issues about the new PUCCH formats design. 
2. Discussion
In the last meeting, progress was made on new PUCCH format. Two new PUCCH format were adopted. One is PUSCH-like new PUCCH format (PUCCH format 4) and another is PUSCH-like new PUCCH format with CDM (PUCCH format 5). Some detail designs of two new PUCCH formats were also agreed for finalizing the necessary RRC signaling. However, there are also some remaining issues left for FFS, including scrambling, channel coding, coded-bits-to-RE mapping and power control. In the following sections, those remaining issues are addressed.
2.1. Scrambling

Considering the non-uniform distribution of ACK and NACK, scrambling before channel coding was discussed [1]. We evaluated the scheme of scrambling and none-scrambling. Simulation results are shown in Figure1. The simulation assumptions are listed in Annex-A.  From the simulation results, we can find that the performance gap between ‘Random’ and ‘All Ones’ is higher in ETU than that in EPA. More than 1dB is observed for larger HARQ-ACK payload. Therefore, scrambling before channel coding should be considered for PUCCH format4/5.
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Figure-1: Performance comparison of different non-uniform distribution of ACK and NACK 

In order to randomize inter-cell interference, scrambling after channel coding was introduced for PUCCH/PUSCH in LTE. Scrambling after channel coding should also be considered for PUCCH format4/5, considering the RB can be used for PUSCH for neighbouring cell. There are two options of initialization values for the scrambling sequence generator for the PUCCH format4/5 [2]:

Option 1: Use 

 with a fixed value of 

 and where 

 corresponds to the C-RNTI.

Option 2: Use 

 where 

 corresponds to the C-RNTI.
Option 1is the initialization values of the scrambling sequence generator for PUSCH. The scrambling sequence generator for the PUCCH is initialized by Option 2. Considering the structure of PUCCH format4/5 is base on PUSCH, Option1 is preferred.

Proposal 1: Bit scrambling before channel coding should be considered for PUCCH format4/5.

Proposal 2: The initialization values of the scrambling sequence generator for the PUCCH format4/5 is  

 with a fixed value of 

 and where 

 corresponds to the C-RNTI.

2.2. Maximum number of HARQ-ACK bits and Channel coding

In RAN1#82 meeting，the maximum number of HARQ-ACK bits in one subframe was discussed. The agreement is shown as follows：

Agreements:
· In the case of TDD PUCCH cell, the maximum number of HARQ-ACK bits in UL by one UE in one subframe for DL CA of up to 32CCs is selected from

· 128, 256, 319, 638

The performance gap between ‘TBCC’ and ‘Turbo’ is large with the increase number of bit. In general, 128 bits with TBCC can meet the need for most of scenarios for eCA. However, if higher numbers of bits are supported, we should consider whether coding scheme other than TBCC is introduced for PUCCH format4/5 to ensure performance of higher number of HARQ-ACK bits.

Proposal 3：PUCCH format 4 should support 128 HARQ-ACK bits for TDD

· Coding scheme other than TBCC should be introduced for PUCCH format4/5 if higher number of maximum HARQ-ACK bits is supported.

2.3. Coded-bits-to-RE mapping

The procedures after channel coding for the PUCCH format 4/5 are still under discussion. Two options are considered. 

· Option 1: follow the procedure as defined for legacy PUCCH.

· Option 2: follow the procedure as defined for UCI on PUSCH without UL-SCH data.

The main difference between these two options is whether channel interleaver is applied or not. The channel interleaver results in a time-first mapping within the PUCCH time-frequency resource. And if channel interleaver is not applied, the output of the channel coding will follow a frequency-first mapping as defined in [3]. Figure-4 shows the performance comparison of these two options assuming only HARQ-ACK is transmitted. From the simulation results, we can find that Option 1 is slightly better than Option 2 in all the cases simulated. Performance difference is not significant and decreasing as the number of HARQ-ACK increases. Considering the coding scheme of simultaneous transmission HARQ-ACK/SR and CSI is jointly coded, Option1 should be applied.
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Figure-4: performance comparison of Option 1 and Option 2 for coded-bits-to-RE mapping
Proposal 4: The procedure after channel coding for the PUCCH format4/5 follows the procedure as defined for legacy PUCCH.

2.4. Power control
It is agreed that 10log10(MPUCCH_PRB) is included with MPUCCH_PRB being the no. of PRBs for transmit PC of the PUCCH format 4. The remaining issue of PC is to determine the formula of PC of PUCCH format 4.  

In existing PC formula of PUSCH, 
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 for control data sent via PUSCH without UL-SCH data. Therefore, the power of PUCCH format 4 is controlled based on MCS by using PC formula of PUSCH. In existing PC formula of PUCCH, 
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 is a PUCCH format dependent value. Power of PUCCH format 4 is controlled based on UCI types and bits numbers by using this formula. It is not needed to consider MCS in PUCCH. Then, the PC formula of PUCCH format 4 should be designed based on current PUCCH. The value of
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Proposal 5：PC formula of PUCCH format 4 is designed based on current PUCCH formula. The value of
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2.5. PUCCH format adaptation

In lasting meeting, PUCCH format adaptation was discussed. The following agreement was made:

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
 There are three options for PUCCH format adaptation：

Option1： PUCCH format is adapted according  to HARQ-ACK codebook size。

In this option, the relationship between the HARQ-ACK codebook size and PUCCH format should be defined in advance. One example of relationship is shown in Table 1. Due to introduction of DAI, eNB and UE has the same understanding of HARQ-ACK codebook size. Then, format can be determined implicitly.  

Table 1 PUCCH format used for different number of HARQ-ACK bits
	HARQ-ACK bits codebook size
	PUCCH format used for transmission

	1~2 
	PUCCH format 1a/1b

	2~22
	PUCCH format 3 

	>=23
	PUCCH format4/PUCCH format5


Option2:  PUCCH format is adapted according to signaling indication 

In this option, PUCCH format adaptation is more flexible than Option 1 because of signaling indication. Therefore, dynamic signaling carried in PDCCH can be used to indicate the PUCCH format. Either new DCI field or existing DCI field can be used to indicate the PUCCH format. Consider overhead of DCI, reusing TPC field is a better choice within this option. The solution should be considered because the TPC field was also used as ARI to indicate PUCCH resource. One solution is shown in Table 2. Only two PUCCH resources are reserved for each PUCCH format. In this solution, the ARI values in TPC field of SCells DL DCI is same. Solutions based on TPC fields carrying two different ARI values were also discussed. One example is the PUCCH format can be indicated by ARI values in DL DCI which the value of DL DAI is odd and PUCCH resource can be indicated by ARI values in DL DCI which the value of DL DAI in even. Another example is use the value of concatenated ARI to indicate the PUCCH resource and PUCCH format [4]. The standard impact of this solution is larger than Option1.  
Table 2 PUCCH format used for different value of ARI
	ARI
	PUCCH format and PUCCH resource

	00
	PUCCH format 3 with resource1

	01
	PUCCH format 3 with resource 2

	10
	PUCCH format4/5 with resource 1

	11
	PUCCH format4/5with resource 2


Option3：PUCCH format is adapted according to HARQ-ACK codebook size and dynamic signaling indication
Multiple sets of PUCCH resources are configured by RRC signaling. One PUCCH resource set corresponds to one PUCCH format. The PUCCH format is selected according to HARQ-ACK codebook size. The PUCCH resource is indicated by the values of ARI. This brings some complexity of configuration. The TX diversity brought by ARI will also be reduced.

Based on the above analysis, we propose that PUCCH format is adapted implicitly according to HARQ-ACK codebook size and dynamic signaling indication

Propose 6: PUCCH format is adapted implicitly according to HARQ-ACK codebook size and dynamically determined
3. Conclusion
In this contribution, we discussed the remaining issues about new PUCCH format design and PUCCH format adaptation. In summary, we propose:

Proposal 1: Bit scrambling before channel coding should be considered for PUCCH format4/5.

Proposal 2: The initialization values of the scrambling sequence generator for the PUCCH format4/5 is  

 with a fixed value of 

 and where 

 corresponds to the C-RNTI.

Proposal 3：PUCCH format 4 should support 128 HARQ-ACK bits for TDD

· Coding scheme other than TBCC should be introduced for PUCCH format4/5 if higher number of maximum HARQ-ACK bits is supported.

Proposal 4: The procedure after channel coding for the PUCCH format4/5 follows the procedure as defined for legacy PUCCH.

Proposal 5：PC formula of PUCCH format 4 is designed based on current PUCCH formula. The value of
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Propose 6: PUCCH format is adapted implicitly according to HARQ-ACK codebook size and dynamically determined
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Annex-A

Simulation parameters

	Parameter
	Setting

	Carrier Frequency
	2GHz

	System Bandwidth
	10MHz

	Channel Model
	EPA, ETU

	UE Velocity
	3km/h

	Antenna Setup
	1Tx,2Rx

	Channel coding
	TBCC with CRC,RM without CRC

	DM RS
	1 DM RS

	Channel estimation
	practical

	Number of PRBs for PUCCH
	PUSCH-like:1

	PUCCH frequency hopping
	Enabled, disable

	Payload size
	24,64,88,128

	Performance Metric
	BLER in case CRC is included
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