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1. Introduction
The scope of work item, ‘LTE Carrier Aggregation Enhancement beyond 5 Carriers’ is to standardize mechanism of aggregating up to 32 carriers. The corresponding UL/DL control signalling is needed to be enhanced in CA with up to 32 CCs. This contribution is focusing on new PUCCH format to support the HARQ feedback to large number of aggregated carriers.
2. The considerations on New PUCCH design
2.1. Channel coding schemes for PUCCH
For the control channels, TBCC and RM schemes are generally used. Legacy PUCCH always use RM, as the payload is small for single carrier and Rel-10 CA. As the payload is expanding, it falls into the performance region of both TBCC and RM. The typical payload will be around 128bits based on the discussion so far. Then, the turbo coding may not show good performance advantage.
TBCC
It is applied for CSI on PUSCH, BCH transport channel and DCI. When adopting TBCC in specification, CRC is generally used. If that is used the BLER will be the evaluation metric for coding scheme. However, the following evaluation is done without CRC for comparison to other schemes. Since the TBCC can support wider range of bits, the processing in 212 can be fully reused.
Multiple-RM

The coding scheme of HARQ-ACK, CSI on PUCCH use RM. Dual-RM is used by PUCCH format 3. At most, 22 HARQ-ACK bits can be transmitted through PUCCH format3. The multiple-RM can be introduced for even large number of HARQ-ACK bits and the extending is in the same way. The HARQ-ACK bits can be dividing into M parts and separately encode each part by one RM. M is related to HARQ-ACK bits and its value depends on the payload size. If the number of HARQ-ACK bits is 32, then M should be set to 3. If multiple-RM is applied in new PUCCH format, the bits dividing should be specified. 
Simulation is performed to compare the 2 coding schemes. Figure 1 shows the performance comparison of the different coding schemes based on PUSCH structure. The simulation parameters are shown in Appendix. 
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Figure1. Required SNR of different coding schemes base on PUSCH
Based on the simulation results, the followings can be observed:
(1) For the number of payload bits exceeds 50, the performance of TBCC is better than multiple-RM, otherwise, the performance of multiple-RM is slightly better than TBCC.
(2) The difference between two coding schemes in required SNR is less than 1dB.
The performance difference of two coding schemes is small. In decoding of multiple-RM, it can be based on scheduling CCs/subframes and the performance can be better if maximum payload is not used.  We recommend that multiple-RM should be applied in new PUCCH format.
Proposal1：Multiple-RM should be applied in design of new PUCCH format. Exactly value of M should be determined according to payload size.
2.2 New PUCCH format
Two candidates for new PUCCH format [2] are evaluated in this contribution.
New PUCCH format is PUSCH-like structure. One or more PRBs can be allocated for a UE. The multiplexing of multiple UEs can be realized by multiple PRBs. The legacy PUCCH format3 cannot be multiplexed with new PUCCH format. 

Another structure is extending PUCCH format3 into with multiple PRBs/OCCs. To extend format3 with multiple PRBs/OCCs, multiple PRBs/OCCs can be allocated for the new format.  For example, 2 PRBs and 1OCCs are allocated for a PUCCH format3 to transmit at most 44 bits or 1PRB and 2 OCCs are allocated for PUCCH format3. The legacy PUCCH format3 can be multiplexed with new PUCCH format. 

· Performance
Figure 2 shows the performance comparison of Multiple-RM with PUSCH and multiple-PRB/OCCs with PUCCH format3. The simulation parameters are also shown in Appendix. 
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Figure 2 Required SNR of new PUCCH format

Based on the simulation results, the followings can be observed:

(1) The performance of PUSCH-like outperforms PUCCH format3 with multiple PRBs/OCCs in all the case.
(2)  As number of HARQ-ACK bits increase, the performance difference between two schemes becomes large;

· Multiplexing capability
Both format 3 and new format will require large UL resources. Then, multiplexing capability of two candidates are another point to be considered. If number of PRBs allocated to new PUCCH format is 2, number of UEs which can be multiplexed is 2 for PUSCH-like structure. The 5 multiple-PRB PUCCH format 3 can be multiplexed in the same amount of PRBs. However, if the allocated PRB to new PUCCH format is 6, the number of multiplexed PUSCH-like structure will exceed that for multiple-PRB PUCCH format 3. Regarding the compatibility, multiple-PRB PUCCH format 3 is slightly better.
Considering the tradeoffs of the performance and multiplexing capability, we should adopt both and select based on payload size threshold.
Proposal2：If the number of HARQ-ACKs is small, the multiple-PRBs/OCCs PUCCH format3 should be used as the new PUCCH format, otherwise, PUSCH-like structure should be used.
3. Conclusion

In this contribution, link level simulation results and related analysis of different coding schemes and different candidates of new PUCCH format are provided. The following proposals are given:

Proposal1：Multiple-RM should be applied in design of new PUCCH format. Exactly value of M should be determined according to payload size.
Proposal2：If the number of HARQ-ACKs is small, the multiple-PRBs/OCCs PUCCH format3 should be used as the new PUCCH format, otherwise, PUSCH-like structure should be used.
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5. Annex

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 without CRC,RM

	DM RS
	PUSCH-like:1 DM RS
PUCCH format3-like:2 DM RS

	Channel estimation
	practical

	Number of PRBs for PUCCH
	PUSCH-like:1
PUCCH format3-like:1,2,3,6

	PUCCH frequency hopping
	enabled

	Payload size
	22,32,64,128

	PUCCH format
	22bits: PUSCH and PUCCH format3 with 1PRB 1OCC

32bits: PUSCH, PUCCH format3 with 2PRB 1OCC and PUCCH format3 with 1PRB 2OCC

64bits: PUSCH, PUCCH format3 with 3PRB 1OCC and PUCCH format3 with 1PRB 3OCC

128bits: PUSCH, PUCCH format3 with 6PRB 1OCC



	Performance Metric
	Pr(A→N/D)=0.01 and Pr(N→A)=0.001
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