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1. Introduction

In this contribution, we provide link-level simulation results and observations on new PUCCH formats for supporting Rel-13 CA, including PUCCH consisting of multiple PRBs or multiple PUCCH resources, and PUCCH structure with reduced OCC-length. In addition, system-level simulation results on UL SINR distribution are also provided and observed combined with link-level simulation results. Based on the results and observations, we suggest main consideration points to design HARQ-ACK feedback on PUCCH for supporting Rel-13 CA of up to 32 DL carriers.
2. Candidates for new PUCCH format 
The detailed description for new PUCCH format can be found in our companion contribution [1]. 
2.1. PUCCH format consisting of multiple PRBs (with joint coding)
UCI bit stream is encoded and mapped on multiple PRBs. Each SC-FDMA symbol of PUCCH will consist of 12*N REs instead of 12 REs, where N is the number of PRBs used for PUCCH transmission. For simplicity, we assume that PUCCH format 3 is baseline. 
2.2. Multiple PUCCH resource transmission (with separate coding)
First of all, UCI bit stream is partitioned and distributed to multiple PUCCH resources. Each partitioned input bit stream will be separately encoded and mapped on single PUCCH resource. In a similar manner, it is assumed that PUCCH format 3 is baseline. 
2.3. PUCCH format with reduced OCC-length and/or DMRS symbol
In our companion contribution [1], candidates for for new PUCCH format are introduced. In this contribution, we provide link-level simulation results for Candidate 3 and 4 as follows: 
Candidate 3: PUSCH DMRS structure with OCC-length 2 as shown in Figure 1-(c).
Candidate 4: PUSCH DMRS structure without OCC. 
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Figure 1: DMRS/OCC structure of Candidate 3.
The detailed description and analysis for new PUCCH format including remaining candidates can be found in our companion contribution [1]. 

3. Numerical results of link-level simulation
In the simulations, we normalize transmit power considering the number of PRBs and/or PUCCH resources in a similar manner with TxD scheme for fair comparisons between candidates for new PUCCH format. The detailed simulation assumption is given in Table 1. Since relative HARQ-ACK performance will be less sensitive on which channel coding scheme is used, we assume single TBCC as channel coding scheme for simplicity. However, it is not precluded to introduce other channel coding scheme such as RM code after deciding new PUCCH format structure. 
According to Table 1, performance gain from usage of multiple PRBs would be reduced or saturated even as the number of PRBs used for PUCCH transmission increases. Since the mother code rate of channel coding scheme assumed in this contribution is set to 1/3, if the total number of REs in multi-RB PUCCH format is larger than 3 times of UCI bit size, then coded bit stream will be circularly repeated. In that point of view, we observe that the performance gain coming from repetition seems to be marginal compared to that coming from channel coding for multi-RB PUCCH format. 
Observation 1: The performance gain coming from repetition would be marginal compared to channel coding for multi-RB PUCCH format. 
Table 1: Performance results on multi-PRB PUCCH format.
	Number of PRBs
	2
	3
	4
	6

	Required SINR for UCI = 32 bits
	2 dB
	1.9 dB
	1.8 dB
	-

	Required SINR for UCI = 64 bits
	6.8 dB
	4.4 dB
	3.9 dB
	3.8 dB

	Required SINR for UCI = 128 bits
	-
	12.3 dB
	8.4 dB
	6.8 dB


Table 2 summarizes HARQ-ACK performance and multiplexing capacity of new PUCCH format candidate with reduced OCC-length and/or DMRS symbol. Regarding the simulation results, Candidate 3 and 4 would also provide compatible HARQ-ACK performance with multi-RB PUCCH format, while it supports relatively smaller multiplexing capacity than multi-RB PUCCH format whose multiplexing capacity is 5 as with existing PUCCH format 3.

Observation 2: New PUCCH format with reduced OCC-length/DMRS symbol provide compatible HARQ-ACK performance with multi-RB PUCCH format.
Table 2: Performance results on new PUCCH format with reduced OCC-length/DMRS symbol.
	
	Candidate 3
	Candidate 4

	Multiplexing capacity
	2
	1

	# DMRS symbol per slot
	1
	1

	# PRB
	1
	1

	Required SINR for UCI = 32 bits
	2.4 dB
	2.0 dB

	Required SINR for UCI = 64 bits
	5.2 dB
	4.4 dB


Table 3 provide the performance comparison between multi-RB PUCCH format and multi-PUCCH transmission, and it can be observed that multi-RB PUCCH format outperforms multi-PUCCH transmission with same resource overhead. The main difference between multi-RB PUCCH format and multi-PUCCH transmission would be whether UCI is jointly or separated encoded before RE mapping, and it would be beneficial to have longer output coded bit size for channel coding scheme in terms of error correcting performance. 
Observation 3: If increasing PRB or PUCCH resources are considered for new PUCCH format, it would be beneficial that all the UCI is jointly encoded. 
Table 3: Comparison between multi-PUCCH transmission and multi-RB PUCCH format (UCI size = 64 bits).

	
	Multi-PUCCH Tx

(# of PUCCHs = 2)
	Multi-PRB format
(# of PRBs = 2)
	Multi-PUCCH Tx

(# of PUCCHs = 3)
	Multi-PRB format
(# of PRBs = 3)

	Required SINR 
	9 dB
	6.8 dB
	6.8 dB
	4.4 dB


According to the observations so far, potential candidates of new PUCCH format for supporting large UCI feedback transmission in Rel-13 CA have difference in the aspects of multiplexing capacity, resource occupancy, and HARQ-ACK performance which can be further analyzed in terms of channel estimation performance, channel coding gain, and repetition gain. In that point of view, we need to further investigate on the overall requirements for new PUCCH format by taking both HARQ-ACK performance and spectral efficiency into account.
Proposal 1: It is necessary to investigate on overall requirements for new PUCCH format considering multiplexing capacity, required number of PRBs, and required SINR.
Furthermore, according to the agreement made in RAN1#80bis, we also performed the evaluation on UL SINR CDF under a certain assumption (provided in Appendix B), even though further discussion on the usage of UL SINR CDF for UCI PUCCH design is still necessary. Figures B.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. As shown in the figures (for example, assuming the maximum number of UEs are multiplexed per PUCCH resource (2 UEs for 1-RB PUCCH, and 5 UEs for 3-RB PUCCH) in each cell), we can preliminary observe that there roughly exist 10%, 50%, 1%, 24% of macro UEs and 25%, 57%, 2%, 17% of pico UEs in Figures B.1, 2, 3, 4 satisfying the required SINR (about from 4.4 to 5.2 dB) of new PUCCH formats, in order to support a given UCI payload size of 64 bits obtained from link-level simulation. In addition, as shown in Figure B.1-4, these UE portions which can support UCI transmission with a given payload size by using new PUCCH format could be changed depending on several aspects, e.g., DL traffic load, (inter-cell) interference mitigation and/or coordination, etc. 

4. Conclusion

This contribution provided possible observations and consideration points on new PUCCH formats in order to support HARQ-ACK feedback for CA beyond 5 carriers in Rel-13. The followings are our observations and proposal: 
Observation 1: The performance gain coming from repetition would be marginal compared to channel coding for multi-RB PUCCH format. 

Observation 2: New PUCCH format with reduced OCC-length/DMRS symbol provide compatible HARQ-ACK performance with multi-RB PUCCH format.
Observation 3: If increasing PRB or PUCCH resources are considered for new PUCCH format, it would be beneficial that all the UCI is jointly encoded.

Proposal 1: It is necessary to investigate on overall requirements for new PUCCH format considering multiplexing capacity, required number of PRBs, and required SINR.
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Appendix A
The detailed link-level simulation assumptions are provided in Table A. 
Table A: Link-level simulation assumptions
	Parameters
	Assumptions

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Channel model
	ETU

	UE speed
	3 km/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, 2, 3, 4, 6

	Number of resources for multi-PUCCH transmission
	1, 2, 3

	Number of HARQ-ACK bit
	32, 64, 128

	Channel coding
	TBCC with mother code rate  = 1/3
(Other channel coding scheme is not precluded.)

	Performance target
	PUCCH DTX error probability [image: image3.png]=1072



,
ACK-to-NACK error probability [image: image5.png]=1072
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NACK-to-ACK error probability [image: image7.png]1073
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Figure A.1: NACK-to-ACK error rates of multi-PRB PUCCH format: 
(a) UCI size = 32 bits, (b) UCI size = 64 bits, (c) UCI size = 128 bits.
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Figure A.2: NACK-to-ACK error rates of multi-PUCCH transmission 

(UCI size = 64 bits).
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Figure A.3: NACK-to-ACK error rates of new PUCCH format with reduced OCC-length/DMRS symbol: 
(a) UCI size = 32 bits, (b) UCI size = 64 bits.

Appendix B

The detailed system-level simulation assumptions are provided in Table B. 

Table B: System-level UL simulation assumptions
	Parameters
	Assumptions

	Scenario
	Scenario #2a

	Number of macro site
	7

	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
	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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Figure B.1: UL SINR CDF (# of RBs for PUCCH = 1, % of interfering neighbor cells = 100)
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Figure B.2: UL SINR CDF (# of RBs for PUCCH = 1, % of interfering neighbor cells = 50) 
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Figure B.3: UL SINR CDF (# of RBs for PUCCH = 3, % of interfering neighbor cells = 100) 
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Figure B.4: UL SINR CDF (# of RBs for PUCCH = 3, % of interfering neighbor cells = 50) 
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