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1 Introduction
At the RAN1#82 meeting, the new PUCCH format design was further discussed and the following agreements were reached: 
	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 provide our views and preferences on the remaining FFS issues to complete the details of the new PUCCH format design. 
2. Discussion
2.1 Details of new PUCCH format
At the RAN1 #82 meeting, the PUSCH-like PUCCH structure (without CDM for data/control symbols) was agreed. However, there are several issues that need to be solved, for instance, the number of DMRS symbols, OCC support, frequency hopping mechanism, etc. These open issues are discussed in the remaining of this section. 
Number of DMRS symbols

One of the open issues is the number of DMRS in one slot. Two options exist, either 1 or 2 DMRS symbols in each slot. These two candidates provide different UCI symbol sizes. As an example in normal CP, the first option can carry 288 coded bits (i.e., 144 QPSK symbols) whereas it is reduced to 240 coded bits (i.e., 120 QPSK symbols) for the second option. 
In [1], we presented results for the two structures with 1 and 2 DMRS symbols in each slot. We observed that the structure using one DMRS shows noticeable link performance benefit (>1 dB) for high payloads. This is simply due to the relatively larger coding gain with 1 DMRS per slot. This benefit is especially important for UEs close to be or already power limited for HARQ-ACK feedback. In addition, the PUSCH-based structure has the advantage of reusing the existing UE transmitter implementation and, therefore, minimizes its complexity and testing effort. Two DMRS symbols in each slot may improve channel estimation performance for UE at high speed (e.g., ~350 km/h). However, CA with more than 5 CCs is typically configured for low-speed UEs and optimization for the high-speed scenario is less desirable. 
Given the benefit in terms of uplink coverage, UCI capacity and testing effort, we prefer PUSCH-like PUCCH format with one DMRS in each slot.  
Proposal 1: Confirm the working assumption of one DMRS per slot. 
Usage of OCC with the new PUCCH Format 

Another FFS issue is the utilization of orthogonal cover codes (OCCs) with data/control symbols of the new PUCCH Format. 

For CA with up to 32 CCs, a wide range of payload sizes (i.e., ranging from 22 to at least 128 bits) needs to be supported. The actual HARQ-ACK payload can be considerably smaller than the maximum payload supported by the new PUCCH format. Using a single PUCCH format with one dedicated PRB overhead for any payload in the range of 22-128 bits would lead to an inefficient usage of the UL resources and, hence, is not attractive. Therefore, we see the need to support multiplexing of several UEs on the same PRB for smaller payload sizes above 22 bits to improve spectrum efficiency. 
Such multiplexing can be easily achieved by means of variable-length OCC across PRBs [1]. The eNB can configure a UE with a specific OCC length in a semi-static manner, e.g., based on the number of configured CCs, TDD UL/DL configurations and transmission modes, etc.
Proposal 2: Support OCCs on control symbols. 

Frequency hopping 

Slot-based frequency hopping was adopted for all PUCCH formats as an important tool to exploit the frequency diversity of the wideband channel. This design also attains good levels of interference averaging for delay critical UCI feedback that can not benefit from retransmission. It seems natural to be also supported for the new PUCCH format. 
On the other hand, disabling frequency hopping for the new PUCCH format ( localized transmission) is sometimes useful to avoid fragmenting the uplink frequency resources, making it possible to assign very wide transmission bandwidths for PUSCH to other UEs. In addition, if frequency hopping can be disabled, localized transmission with UE-specific frequency selective RB selection is supposed to provide SINR performance benefit. Further, it may be desirable to turn off frequency hopping at higher speeds to avoid the losses from poor channel estimation. 
We thus think it is feasible to allow disabling slot-based frequency hopping for the new PUCCH format to be controlled by eNB on a per UE basis. 
Proposal 3: Frequency hopping can be disabled/enabled for the new PUCCH format.  
Coded bits-to-RE mapping 

One more FFS aspect to consider is the Coded bits-to-RE mapping scheme. Two possible candidate channel interleaver options can be considered for coded bit mapping, either in a frequency first manner or in a time first manner. The difference in the required SNR performance is negligible for the two options. However, the complexity of UE and eNB implementation is slightly different. We propose to choose the same RE mapping rule as PUSCH to simplify the overall design without sacrificing performance. 
Proposal 4: Coded bits are mapped in a time-first manner to REs for the new PUCCH format. 
2.2 PUCCH resource allocation

In Releases 10-12, explicit and higher-layer configured resource allocation is used for multi-A/N resource allocation. In addition, ARI signalling served by the redundant TPC bits is used to dynamically select the PUCCH resource for PUCCH format 3.

In a typical CA scenario, it is expected that a relatively small percentage of UEs will be scheduled on more than 5 CCs in the same subframe. The hybrid RA mechanism has a clear benefit: It minimizes the UL overhead as dedicated PUCCH resource does not need to be reserved for each UE. Instead, it allows sharing the same PUCCH resource among multiple UEs and provides eNB the necessary flexibility in managing ACK/NAK resources. This property is very attractive for the new PUCCH format due to the higher control overhead. Hybrid PUCCH resource allocation is therefore proposed as baseline. 

Proposal 5: ARI-based explicit resource allocation is the baseline scheme to select new PUCCH format resources configured by higher layers.

2.3 Multiplexing combinations with new PUCCH Format 
In RAN1#81bis, the following was agreed:

	Agreements: 

· For a PUCCH CG, at least the following enhancements to Periodic CSI reporting on PUCCH are specified in order to reduce periodic CSI report dropping probability

· Multiplexing of periodic CSI reports corresponding to multiple serving cells in a subframe 
· Multiplexing of periodic CSI reports corresponding to multiple serving cells with HARQ-ACK feedback in a subframe 


The two main options availiable for encoding multi-CC P-CSI and HARQ-ACK when using the new PUCCH format are joint coding and separate coding. 
The primary benefit of separate encoding is that it can provide better energy efficiency by adjusting the code rates for HARQ-ACK and P-CSI to meet their respective target BLERs. In the RAN1 #82 meeting, it was decided that 8-bit CRC is included in the HARQ-ACK transmission if the payload is larger than 22 bits. With this design, the performance target of HARQ-ACK bits is dominated by the requirement of prob(ACK->NACK) = 1%. In other words, the CSI and HARQ-ACK have similar BLER targets. The disadvantages of separate coding are more complex specification, testing, and implementation, e.g., how to implement the resource element partition between different types of UCIs and define new transmission power control functionality. In our view, this increased effort needs to be justified by clear benefits that have not been well demonstrated so far. Thus, our preference is to adopt the joint coding approach for multiplexing HARQ-ACK and P-CSI on new PUCCH format. 
Given that the new PUCCH format supports at least 128 bits, for FDD and some TDD configurations, up to 64 bit P-CSI can be readily multiplexed with ACK/NACK feedback within the capacity of the new PUCCH formatwithout noticeable degradation of the ACK/NAK performance. In addition, to allow multiplexing of multi-CC P-CSI and HARQ-ACK bits for a larger number of UEs under various UL geometry conditions, the maximum payload size can be controlled by eNB through RRC signaling.  
One example of the joint coding approach is provided below:

· If the total bit number <= maximum payload size
· Multi-CC HARQ-ACK, SR (if present) and CSI are jointly coded with CSI appended last; 

· Otherwise, 

· Multi-CC HARQ-ACK and partial CSIs are jointly coded up to the maximum payload bits (e.g., 128). FFS on how to select the serving cells or cell groups for CSI report. 

Based on the discussions above, we propose the following for the combination of UCI transmission: 
Proposal 6: Use joint coding to transmit a combination of UCIs (e.g., HARQ-ACK, P-CSIs and SR)
3. Conclusions
In this contribution, we discussed the remaining details of the PUSCH-based new PUCCH format and make the following proposals:
Proposal 1: Confirm the working assumption of one DMRS per slot. 
Proposal 2: Support OCCs on control symbols. 
Proposal 3: Frequency hopping can be disabled/enabled for the new PUCCH format.  

Proposal 4: Coded bits are mapped in a time-first manner to REs for the new PUCCH format. 

Proposal 5: ARI-based explicit resource allocation is the baseline scheme to select new PUCCH format resources configured by higher layers.
Proposal 6: Use joint coding to transmit a combination of UCIs (e.g. HARQ-ACK, P-CSIs and SR)
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