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1 Introduction
Enhancements to support UCI feedback on PUCCH on Pcell for up to 32 DL CCs was agreed as one of the items for the second objective of Work Item “LTE Carrier Aggregation Enhancement Beyond 5 Carriers” [1]. In RAN1#80, it was noted as one of observations that one or more new PUCCH formats for increasing PUCCH payload capacity including consideration on UL overhead could be considered as an enhancement to PUCCH feedback format since PUCCH format 3 can carry up to 22 bits of UCI. 
At the RAN1#81 meeting, the new PUCCH format design was further discussed and the following agreements were reached: 
	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

· 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 



In this contribution, we present our performance analysis of two new PUCCH format candidates (i.e. PUCCH format 3 basis and PUSCH basis) with the evaluation methodology in [2] and [3]. 
2. Discussion
Two main PUCCH format candiates for high-capacity were evaluated: 

1. PUCCH-format-3-based (PF3-based) design
2. PUSCH-based design 

The structures of the both candidates are illustrated in Figure 1. Specifically, Candidate 1 can be considered as an alternative of PUCCH format 3 by removing OCC (Orthogonal Code Cover) spreading on data symbols. The two candidates are different in terms of the number of DMRS symbols (1 vs. 2) per slot and their relative locations. As discussed in [4], the different candidates result in the different UCI symbol size: Candidate 1 carries only 240 coded bits (i.e., 120 QPSK symbols) whereas Candidate 2 can provide up to 288 coded bits (i.e., 144 QPSK symbols). 

Link level simulations were carried out for the two PUCCH format candidates with ETU channel and the payload sizes (i.e. 22, 32, 64 and 128 bits). The 8-bit CRC was applied according to the agreements made in RAN1 #81 meeting. The remaining simulation parameters are shown in Table A1. 


[image: image1.emf]D1

Time

Frequency

RS D2 D3 D4 RS D5

D6 RS D7 D8 D9 RS D10

Slot 0 Slot 1

[D1,D2,...,D10]: ACK/NACK symbols

Candidate-1

D1

Time

Frequency

RS D2 D3

D4 D5

RS D7 D8 D9 D10

Slot 0 Slot 1

[D1,D2,...,D12]: ACK/NACK symbols

Candidate-2

D6

D11 D12


Figure 1:  Two PUCCH format candidates evaluated in the contribution
The link level performance results are shown in Figure 2 where the minimum SNR to achieve the target PUCCH performance of 1% ACK missed detection rate and 0.1% NACK-to-ACK error probability is plotted. The results illustrate that PUSCH-based PUCCH format (i.e., Candidate-2 in Figure 2) performs better than the PF-3 based candidate with larger ACK/NACK payload sizes by roughly 1 dB. The main reason behind the performance difference is due to the fact that the PUSCH-based new PUCCH format provides larger coding gain (e.g., 0.4 vs. 0.33 coding rate in case of 96 ACK/NACK bits). A larger SNR gain with PUSCH-based PUCCH format can be found in the larger ACK/NACK payload size (>50 bits). 
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Figure 2. SNR requirement for ACK/NACK transmission with 8-bit CRC
Additonally, PUSCH-based structure has the advantage of reusing the existing UE transmitter implementation and therefore minimizes its complexity and testing effort. 

Proposal 1: The PUCCH format based on the PUSCH structure is selected for ACK/NACK transmission for up to 32 CCs. 
In our previous contribution [5], the UL SINR distribution was studied for Rel-12 in small cell scenario 2a by following the performance evaluation methodology captured in [3]. The following two PUCCH transmission cases are considered in the current study:

· Case 1: All UEs transmit PUCCH on the Macro carrier frequency assuming Macro eNB is a PCell. The UL SINR distributions at the {10, 50, 90}% DL SINR reference points are presented in Appendix B. 

· Case 2: UE transmits PUCCH data on the frequency assigned to its serving eNB. The DL SINR statistics (collected separately for Macro and Pico UEs) are utilized to obtain the UL SINR distribution at the {10, 50, 90}% DL SINR reference points. 
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Figure 3: UE CCDFs at {10, 50, 90}% DL geometry SINR CDF for different ACK/NACK payloads for Case 2
By combining the required SNR for PUSCH-based PUCCH format with 8-bit CRC in Figure 2 and the UL Geometry SINR CDF curve for Case 2 in Appendix B, Figure 3 presents the CCDFs that represent the percentage of the UEs whose SINR value is larger than the minmum required SINR to support a limited set of ACK/NACK payload sizes (i.e., 22, 32, 64, 128 bits) with DL SINR at the {10, 50, 90}% CDF percentile points. 
The following observations can be made according to the results in Figure 3: 
·  For macro UEs, ~90% in medium and high DL SINR can support up to 64-bit ACK/NACK payload whereas the percentage reduces to ~70% for UEs in low DL SINR. The percentage of UEs supporting 128-bit payload is decreased to ~70% and ~50% corresponding to medium/high and low DL SINRs, respectively.       
· Small cell UEs at different DL SINR CDF reference points exibit quite similar UL SINR distribution. In particular, more than 80% of all UEs have sufficient UL SINR to convey up to 64-bit ACK/NAK payload and ~ 60% of  all UEs can even transmit up to 128 bits.   
To allow 32 DL CCs to be aggregated even for macro cell-edge UEs at the 10% DL SINR CDF percentile, UL coverage optimization for ACK/NACK feedback is needed. We believe HARQ-ACK bundling schemes can be considered as a way to reduce the ACK/NACK payload size. 
It is noted that a set of time-domain and spatial-domain ACK/NAK bundling schemes have already been specified in TDD to maximize ACK/NAK coverage. Considering that all these schemes went through careful optimization during previous releases, they can be considered as feasible solutions to signal multi-CC ACK/NACK feedback also in Rel-13. For example, applying the Rel-10 spatial bundling and time-domain bundling operations, the maximum ACK/NACK payload size with 32 DL CCs can be effectively reduced to 64 bits, which can be supported by more than 70% of all UEs in the worst geometry (i.e., Macro UEs with 10% DL SINR), as shown in Figure 3. Hence, the existing bundling mechanism should be reused as much as possible in Rel-13. Unless a clear benefit can be demonstrated we should not introduce any additonal ACK/NAK bundling schemes for CA in Rel-13 to support 32 CCs.  
Proposal 2: The existing ACK/NACK feedback schemes need to be reused if bundling is deemed necessary.  
3. Conclusions
In this contribution, we provided evalution results for the ACK/NACK performance in the uplink for Rel-13 CA with up to 32 DL CCs. The performance is provided for different payload sizes and for two PUCCH format structures based on PUCCH format 3 and PUSCH. Based on the evaluation results and the analysis in this contribution, we propose the following:
Proposal 1: The PUCCH format based on the PUSCH structure is selected for ACK/NACK transmission for up to 32 CCs. 

Proposal 2: The existing ACK/NACK feedback schemes need to be reused if bundling is deemed necessary.  
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Appendix A: Link simulation assumptions
Table A1: Parameters used in the link level simulations

	Parameter
	Value

	Carrier Frequency
	2 GHz

	System Bandwidth
	10 MHz

	Channel Model
	ETU, 3 km/h, AWGN interference

	Antenna Setup
	1Tx, 2 Rx,

	Channel Estimation
	Practical, non-ideal

	Number of PRBs for PUCCH
	1 and 2 PRBs

	PUCCH frequency hopping
	At slot boundary

	CRC length (if any)
	8 bits

	Payload size (this is only for evaluation)
	22, 32, 64, and 128 bits

	Performance Metric
	ACK missed detection probability (1 %), NACK-to-ACK error probability (0.1%);  DTX-to-ACK probability 1%

With CRC, in case CRC check fails eNodeB considers all bits as “NACK”


Table A2: Summary of system level simulation assumptions
	Parameter
	Value

	Deployment scenario

	Evaluation scenario
	Scenario 2A from TR 36.872 [5]

	Macro eNB Deployment
	19 Macro sites

	Small Cell eNB Deployment
	1 Small cells cluster per macro cell

4 Small cells per cluster

	eNB Noise figure
	Macro eNB: 5 dB

Small Cell eNB: 7 dB

	Signal parameters

	UCI Bandwidth
	1 PRB

	PUCCH UCI power control parameters
	h(nCQI, nHARQ, nSR) = 0, g(i) = 0,ΔF_PUCCH(F) = 0, ΔTxD(F’)=0  

	PUCCH power control parameters
	Target SNR = [5; 10; 15; 20] dB

	Interference model

	Number of transmit UE per cell
	1 per each neighbor cell

	Intra-cell interference
	No interference

	Interference UE selection
	Random

	Interference signal bandwidth
	1 PRB

	Interference UE power control parameters
	Same as for victim cell UE transmission

	DL SINR CDF Points

	DL SINR CDF points 
	{10, 50, 90}%

	DL SINR CDF point neighborhood
	± 1%


Appendix B: SINR distributions 
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Figure B.1. UL Geometry SINR CDF of a UEs at {10, 50, 90}% DL geometry SINR CDF for Case 1
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Figure B.2. UL Geometry SINR CDF of a UEs at {10, 50, 90}% DL geometry SINR CDF for Case 2
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