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1. Introduction

In RAN1#81 meeting, followings were agreed for new PUCCH format and UCI PUCCH transmission for supporting Rel-13 CA, with calibration on UL SINR CDF among the companies [1].

Agreements:
· For a UE that transmits more than 22 HARQ-ACK/SR bits in a subframe in a CG on either PUCCH or PUSCH, 

· X-bit CRC is included in the HARQ-ACK transmission, X >= 8 

· Baseline X for evaluation purpose only: X=8

· Rel-8 TBCC and rate matching is used 

· FFS for a UE that transmits less than 23 HARQ-ACK/SR bits in a subframe in a CG on either PUCCH or PUSCH
Agreements:
· The maximum HARQ-ACK codebook size in the uplink by one UE in one subframe for DL CA of up to 32 CCs is at least 128 bits
· In case of FDD PUCCH cell, the maximum HARQ-ACK codebook size is 64 bits
In this contribution, we provide system-level simulation results on UL SINR distribution (updated based on calibration results) and the observation combined with link-level simulation results (updated by applying CRC attachment). 
2. Numerical results 

In the simulations, multiple-PRB PUCCH transmission is considered as new PUCCH format to refer the link-level performance [2]. In addition, it is assumed that PUCCH transmission consists of 6 PRBs and UCI payload size is set to 128 bits. Moreover, the definition of SINR between link-level simulation and system-level simulation is aligned to combine both results properly. The detailed assumptions for system-level simulation are described in Appendix A.
First of all, we performed the evaluation on UL SINR CDF under the agreed simulation assumption (provided in Table A), even though the usage or methodology of UL SINR CDF for UCI PUCCH format design is still unclear. Figures A.1 – 4 provide UL SINR CDF according to the number of interfering UEs (per RB in each neighbor cell) and selection (percentage) of interfering neighbor cells. In addition, based on these figures, Table 1 shows percentage of the UEs whose SINR value is larger than the minimum required SINR to achieve target ACK/NACK error performance based on link-level simulation [2] under the condition where all (i.e., 100% of) the cells are considered to affect as interferer. Similarly, Table 2 shows percentage of the UEs with larger SINR than the minimum SINR required for target ACK/NACK performance [2] when 50% of the cells are considered to affect as interferer.

As shown in the tables (for example, considering the realistic situation that the maximum number of UEs are multiplexed per PRB resource (i.e., 5 UEs per PRB) in each cell under Case 2), we can preliminary observe that roughly 76% (in case interfered from 100% of the cells), 94% (in case interfered from 50% of the cells) of macro UEs and 70%, 94% of pico UEs can support a given UCI payload size of 128 bits with new PUCCH format. In addition, as shown in Tables 3 – 4 and Figures A.5 – 6 (for example, considering the situation that the moderate number of UEs are multiplexed per PRB resource (i.e., 3 UEs per PRB) in each cell under Case 2), we can also observe that roughly 96% (in case interfered from 100% of the cells), 99% (in case interfered from 50% of the cells) of macro UEs and 90%, 98% of pico UEs (with 50-percentile DL geometry) can support a given UCI payload size of 128 bits with new PUCCH format. With observation on the tables and figures, it is expected that these UE portions which can support UCI transmission with new PUCCH format for a given payload size could be probably changed depending on several aspects, e.g., DL traffic load (or interfering UEs), (inter-cell) interference mitigation and/or coordination, and (maybe) potential PUCCH power control. 
Table 1: Percentage of UEs which can support multiple-PRB PUCCH transmission
(128 bits HARQ-ACK on 6 PRBs, 100% of the cells are interferer)
	Number of interferer
	Scenario

	
	Case 1: Macro cell
	Case 2: Macro cell
	Case 2: Small cell

	1
	90%
	99%
	99%

	3
	66%
	92%
	90%

	5
	20%
	76%
	70%


Table 2: Percentage of UEs which can support multiple-PRB PUCCH transmission
(128 bits HARQ-ACK on 6 PRBs, 50% of the cells are interferer)
	Number of interferer
	Scenario

	
	Case 1: Macro cell
	Case 2: Macro cell
	Case 2: Small cell

	1
	95%
	99%
	99%

	3
	82%
	98%
	98%

	5
	64%
	94%
	94%


3. Conclusion

This contribution provides system-level simulation results on UL SINR distribution and the observation combined with link-level simulation results. Based on simulation results, it is expected that UE portion which can support UCI transmission with new PUCCH format for a given payload size could be probably changed depending on several aspects, e.g., DL traffic load (or interfering UEs), (inter-cell) interference mitigation and/or coordination, and (maybe) potential PUCCH power control. 
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Appendix A
The detailed system-level simulation assumptions are provided in Table A. 

Table A: System-level UL simulation assumptions
	Parameters
	Assumptions

	Scenario
	Scenario #2a

	Number of macro site
	19

	System bandwidth per carrier
	10 MHz

	Total Small cell TX Power
	30 dBm

	Number of clusters per macro cell geographical area
	1

	Number of small cells per cluster
	4

	Distance-dependent path loss
	ITU model as baseline.

	UE dropping
	20% UEs are outdoor and 80% UEs are indoor.

	Cell association
	Case 1: UE is associated with only macro cell based on RSRP.
Case 2: UEs are associated with either macro cell or small cell based on RSRQ.

	Number of UEs per macro cell geographical area
	60

	Target received SINR
	10 dB for macro cell,

15 dB for small cell
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(a) Case 1




(b) Case 2
Figure A.1: UL SINR CDF (# of RBs for PUCCH = 1, % of interfering neighbor cells = 100).
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(a) Case 1




(b) Case 2
Figure A.2: UL SINR CDF (# of RBs for PUCCH = 1, % of interfering neighbor cells = 50) 
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(a) Case 1




(b) Case 2
Figure A.3: UL SINR CDF (# of RBs for PUCCH = 6, % of interfering neighbor cells = 100) 
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(a) Case 1




(b) Case 2
Figure A.4: UL SINR CDF (# of RBs for PUCCH = 6, % of interfering neighbor cells = 50) 
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(a) # of RBs for PUCCH = 1

(b) # of RBs for PUCCH = 6
Figure A.5: UL SINR CDF for UEs with 50-percentile DL geometry under scenario of Case 2 
(% of interfering neighbor cells = 100) 
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(a) # of RBs for PUCCH = 1

(b) # of RBs for PUCCH = 6
Figure A.6: UL SINR CDF for UEs with 50-percentile DL geometry under scenario of Case 2 
(% of interfering neighbor cells = 50) 

Table 3: Percentage of UEs with 50-percentile DL geometry which can support multiple-PRB PUCCH 

(128 bits HARQ-ACK on 6 PRBs, 100% of the cells are interferer, under scenario of Case 2)
	Number of interferer
	Scenario

	
	Case 2: Macro cell
	Case 2: Small cell

	3
	96%
	90%


Table 4: Percentage of UEs with 50-percentile DL geometry which can support multiple-PRB PUCCH 
(128 bits HARQ-ACK on 6 PRBs, 50% of the cells are interferer, under scenario of Case 2)
	Number of interferer
	Scenario

	
	Case 2: Macro cell
	Case 2: Small cell

	3
	99%
	98%


