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Introduction
In RAN1#82, enhancements on UL control signaling were discussed with the following agreements:
Agreements:
· New PUCCH format(s) for HARQ-ACK feedback should be introduced in Rel-13 CA
· Specify at least one new PUCCH format:
· PUSCH-like PUCCH structure (without CDM for data/control symbols)
· Working assumption: One DMRS per slot
· FFS: Two DMRS per slot (normal CP)
· Frequency hopping between slots
· FFS: Whether /when FH is applicable
· With at least one PRB per slot
· FFS: Coded bits-to-RE mapping 
· FFS: A new PUCCH format including CDM
· FFS:PUSCH-like or PUCCH format 3(PF3) based structure
· FFS
· Multi-PRB PF3 using a single DFT-precoder
· Other format is not excluded
· Spreading factor 
· Spreading within or between SC-FDMA symbols
· Number of DMRS symbols
In this contribution, we show our views on new PUCCH format.
Discussion
1.1 Channel structure for new PUCCH format
In RAN1#82, the working assumption was that at least PUSCH-like PUCCH structure is supported with one DMRS per slot, as shown in Figure 1. Another alternative channel structure is the PUCCH format 3 structure, as shown in Figure 2. 
The link level performances of structure 1 and 2 are shown in Figure 3~4 with the simulation assumptions are listed in [1]. It can be seen from the simulation results that PUSCH-like structure outperforms PUCCH format 3 structure in both cases of EPA 5km/h and ETU 120km/h for large PUCCH payload size.  The simulation results also show large SINR gain with frequency hopping.  In addition, it should be noticed that PUSCH-like structure with two DMRS per slot may have the similar performance as the PUCCH format 3 based structure. Hence, based on the link level performances, we have the following proposal: 
Proposal 1: PUSCH-like PUCCH structure with frequency hopping and one DMRS per slot shall be used for the new PUCCH format.


Figure 1: Structure 1 – PUSCH-like structure


Figure 2: Structure 2 – PUCCH format 3 based structure
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Figure 3: HARQ-ACK detection performances of structure 1 and 2 with frequency hopping
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Figure 4: Impact of frequency hopping based on structure 2
1.2 Multi-PRB PUCCH transmission 
For non-power-limited UEs, more UCI bits can be transmitted when one PUCCH is transmitted in multiple PRBs. Figure 5 shows the UE transmit power CDF with the scenarios and assumptions as in [1]. It can be seen that:
· For macro UEs, the percentage of UL power limited UEs is increased by up to 10% for both case 1 and case 2 when multi-PRB (i.e. 2-PRB transmission) transmission is used.
· For small cell UEs in case 2, no power limitation issue is observed even when a single PUCCH is transmitted in two RBs. 
Since the maximum number of HARQ-ACK bits in UL by one UE in one subframe for DL CA of up to 32 DL CCs aggregation can be 256 as analyzed in [2], PUSCH-like PUCCH structure as proposed in section 2.1 cannot support 256 bits with single PRB transmission from the perspective of 1% ACK-to-NACK error target. As shown in Table 1, we can see some cases where the 1% ACK-to-NACK error target can be achieved by two-PRB or three-PRB PUCCH transmission. Therefore, multi-PRB PUCCH transmission can be supported at least for UEs in the small cell coverage area. 
Proposal 2: At least two PRBs transmission should be supported by new PUCCH format. 
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a. Case 1 (single-PRB transmission in left, and two-PRB transmission in right)
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b. Case 2 (single-PRB transmission in left, and two-PRB transmission in right)
Figure 5: UE transmit power CDF

Table 1: Average ACK-to-NACK error probabilities for multi-PRB PUCCH transmission (256 bits)
	
	
	
	2 PRBs
	3 PRBs

	Case 1: all UEs belonging to Macro layer
	Enhanced power MUE (18.98%)
	EPA 3km/h
	0.0034 
	0.0011 

	
	
	ETU 3km/h
	0.0181 
	0.0120 

	
	
	ETU 120km/h
	0.0206 
	0.0139 

	Case 2: UE belonging to Macro layer or Scell layer
	Enhanced power MUE (44.64%)
	EPA 3km/h
	1.40E-04
	2.90E-05

	
	
	ETU 3km/h
	0.0112 
	0.0087 

	
	
	ETU 120km/h
	0.0124 
	0.0100 

	
	Enhanced power LUE (37.75%)
	EPA 3km/h
	4.60E-05
	1.30E-05

	
	
	ETU 3km/h
	0.0106 
	0.0084 

	
	
	ETU 120km/h
	0.0120 
	0.0098 


1.3 Multi-user multiplexing in a same PRB for the new PUCCH format
The number of UCI bits to be transmitted in the new PUCCH format varies with large dynamic range especially when dynamic ACK/NACK codebook size is used [2].  The new PUCCH format with fixed capacity for different UCI payload sizes will lead to excessive PUCCH overhead. Therefore, multi-user multiplexing in the new PUCCH format shall be supported.  Orthogonal cover code (OCC) with different spreading factor could be used for multiplexing of UCI from multiple users on a resource of new PUCCH format. Either time-domain or frequency-domain spreading factors can be introduced to multiplex users with different UCI payload sizes. 
For the lager UCI payload case, spreading factor can be set to 1. For small UCI payload size in PUSCH-like structure, time-domain spreading factors can be 2/3/6 for normal CP and can be 5 for extended CP. Frequency-domain spreading factors can be 2/3/4/6 regardless the type of CP. The OCC corresponding to different spreading factors should be specified in the specification. The spreading sequence could binary spreading sequence, such as Walsh code,  or real/complex kernel, such DFT/DCT sequences.
Proposal 3: Multiple spreading factors should be supported by new PUCCH format. 
In order to support dynamic HARQ-ACK codebook sizes, OCC with dynamic spreading factor shall be used for the new PUCCH format. There are two methods to support OCC with dynamic spreading factor as follows:
· Option 1: Spreading factor is indicated in the DL DCI
· Option 2: Spreading factor is determined based on the current UCI codebook size according to the pre-configured mapping between different spreading factor and codebook sizes 
The HRQA-ACK codebook size should be indicated to ensure the same understanding on the codebook size between the UE and the eNB. The implicit indication of codebook size in option 2 would require small DL control overhead comparing to that of option 1.
Proposal 4: Spreading factor can be determined dynamically based on the UCI codebook size according to the pre-configured mapping between different spreading factor and codebook sizes.
Conclusions
[bookmark: _GoBack]In this contribution, we discuss new PUCCH format to support up to 32 DL CCs aggregation with the following proposals:
Proposal 1: PUSCH-like PUCCH structure with frequency hopping and one DMRS per slot shall be used for the new PUCCH format.
Proposal 2: At least two PRBs transmission should be supported by new PUCCH format.
Proposal 3: Multiple spreading factors should be supported by new PUCCH format.
Proposal 4: Spreading factor can be determined dynamically based on the UCI codebook size according to the pre-configured mapping between different spreading factor and codebook sizes.
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