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[bookmark: _Ref298777854]Introduction
At RAN1#82bis it was agreed to introduce two new PUCCH formats in Rel-13 CA based on PUSCH-like structure with a few details for further study. In this contribution, we provide our views on some remaining details for both PUCCH format 4 and PUCCH format 5. 
Discussion
Maximum supported payload size
The new PUCCH formats, i.e. PUCCH format 4 and 5 are introduced mainly to support the increased number of UCI bits in Rel-13 CA. For payload size below 23 bits, the existing PUCCH format 3 can be applied to enable the multiplexing of UEs for efficient resource utilization. Therefore it is not necessary for PUCCH format 4/5 to support payload size less than 23 bits. Consequently, CRC is only applied for new PUCCH formats supporting payload size above 23 bits, i.e., no CRC bits for less than 23 bits on PUCCH.
For PUCCH format 4, it is based on PUSCH structure and could occupy multiple PRBs. Since both code rate and number of PRBs can vary, PUCCH format 4 can support a large range of payload sizes and it seems that no explicit upper limit needs to be specified. PUCCH format 5 is introduced mainly for multiplexing capability when resource efficiency is of importance in some scenarios. It is up to the eNB implementation to configure and use PUCCH format 5. Therefore, it is not motivated to specify an upper limit of supported payload size for format 5 either.
Proposal:
· PUCCH format 4 and PUCCH format 5 will not support a payload size less than 23 bits.
· No explicit upper limit for the maximum supported payload size is specified for PUCCH format 4 and PUCCH format 5.
Physical resource mapping
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Since joint coding is adopted for the new PUCCH formats, it is possible to reuse the PUSCH resource mapping procedure for the new PUCCH formats, i.e. the channel interleaver and physical resource mapping for PUSCH can be applied for new PUCCH format. Another alternative is to apply the PUSCH-like physical resource mapping without the channel interleaver. Link level evaluation is done for the two different resource mapping schemes as shown in Figure 1. It can be seen that the PUSCH resource mapping without channel interleaver has a better performance. One reason is that mapping in frequency first can avoid that fading of one slot deteriorates all coded bits for a certain number of payload size. The benefits may be more pronounced in a more frequency selective channel, e.g., ETU channel.
Proposal:
· Adopt PUSCH resource mapping without channel interleaver for the physical resource mapping of the new PUCCH formats.

[image: ]
[bookmark: _Ref434396599]Figure 1: Operating SNR for different PUSCH resource mapping schemes

PUCCH format adaptation
A UE can be configured with dynamic HARQ-ACK codebook adaptation by higher layer signaling if the same understanding between eNB and UE can be ensured. With dynamic HARQ-ACK codebook adaptation, it is also possible to select the PUCCH format in a dynamic manner. The main benefit of dynamic PUCCH format selection is resource efficiency so that it is possible to dynamically multiplex multiple UEs on the same PRB and it is also possible to dynamically share the PUCCH resources with legacy UEs. 
In order to support dynamic PUCCH format adaptation, an implicit method can be considered, i.e. the PUCCH format is selected based on the total number of information bits transmitted in the current subframe, e.g. if the number of information bits is less than 23 bits, PUCCH format 3 is used; if the number of information bits is larger than 23 bits, new PUCCH format is used. Note that this method requires reliable HARQ-ACK codebook alignment between eNB and UE, otherwise blind detection of PUCCH formats needs to be performed at the eNB. 
One related issue is how PUCCH resource allocation is done in case PUCCH format adaptation is adopted. In general, the PUCCH resource allocation can be performed along with the PUCCH format adaptation, i.e. the ARI field will indicate either the resource for the new PUCCH format or PUCCH format 3. As discussed in [1], the UE shall use PUCCH format 3 or the new PUCCH format when there is PDSCH transmission from the secondary cell or when there is PDSCH transmissions with DAI value larger than 1 in TDD. The detailed UE behaviour regarding multiplexing of HARQ-ACK(SR) and P-CSI is provided in [1].
Proposal: 
· PUCCH format is selected based on the total number of information bits transmitted in the current subframe.
Power control
Two alternatives were proposed for power control of the new PUCCH format(s). The first alternative is based on the power control for PUCCH and the second alternative is based on the power control for PUSCH with UCI only transmission. 




[bookmark: OLE_LINK11][bookmark: OLE_LINK12]The first alternative was adopted when the power control for PUCCH format 3 was discussed in Rel-10 hence it can be reused also for the new PUCCH format(s).  In detail, one needs to determine two parameters  and . The parameter  defines the relative performance difference between PUCCH 1a and the used PUCCH format. The parameter  adapts the power to the number of information bits that are transmitted. 





The reasoning to use the second alternative is due to the fact that the new PUCCH format(s) is based on PUSCH structure hence the power control scheme could follow the same manner. However, one needs to change the pathloss compensation factor  to 1 and also make some modification to . In detail,  is reused,  and are determined as follows 
· 


,  is the number of UCI bits (HARQ, RI, PMI and CQI) including CRC bits  and  is the number of resource elements for PUCCH depending on the number of allocated PRBs.
· 
for all cases.






 determination: It should be noted that even if PUSCH-based power control is used, the parameter  needs to be defined since the relative performance difference between PUCCH 1a and the used PUCCH format needs to be reflected. Comparing the format 1a performance to the operating SNR for PUCCH format 4 with 23 UCI bits and 1 PRB, the performance difference is found to be -1dB to 6dB. Note that only the PUCCH format 4 performance with 23 bits and 1 PRB is of interest since the other factors will be compensated by  or  and the number of PRBs . Considering different receiver implementations, parameter  for PUCCH format 4 can be {-1dB, 0dB, 1dB, 2dB, 3dB, 4dB, 5dB, 6dB}. 



Comparison of  and : As described in [2], parameter  is determined by performing a first-degree polynomial fit with respect to the total number of information bits including CRC in logarithmic domain. It can be observed the following formula fits the SNR increments very well:



Note that the remaining numerical term in the fitting function was not included in  since it can be compensated by the nominal power setting. A further check is performed by moving the fitted curve with -3dB (solid red) and 3dB (solid black). 




[bookmark: OLE_LINK9][bookmark: OLE_LINK10]For PUSCH based power control, . It can be observed that  is the incremented component related to the payload size similar as . Hence we compared the two curves by moving  with a certain offset for different allocated PRBs for PUCCH format 4.
It can be seen from Figure 2 that the two alternatives have very similar performance for 2 PRB and 3PRB cases. For 1 PRB case, PUCCH based power control is slightly better for small payload size while PUSCH based power control is slightly better for large payload size. The reason is that the weight of 2PRB and 3PRB is higher than 1PRB when polynomial fit is done in PUCCH based power control. Based on the observation, we have the following proposal
Proposal: 
· 
  consists of values {-1dB, 0dB, 1dB, 2dB, 3dB, 4dB, 5dB, 6dB}
· 

Use either or  in power control formula for PUCCH format 4 and PUCCH format 5.
[image: ]
[bookmark: _Ref430857319]Figure 2: Operating SNR increments and power control functions for PUCCH format 4

Conclusion
In this contribution we discussed the remaining details of PUCCH format design for CA enhancements to support up to 32 component carriers and provided link-level simulation results. The above discussions and observations can be summarized as follows.
Proposals:
· PUCCH format 4 and PUCCH format 5 will not support a payload size less than 23 bits.
· No explicit upper limit for the maximum supported payload size is specified for PUCCH format 4 and PUCCH format 5.
· Adopt PUSCH resource mapping without channel interleaver for the physical resource mapping of the new PUCCH formats.
· PUCCH format is selected based on the total number of information bits transmitted in the current subframe.
· 
  consists of values {-1dB, 0dB, 1dB, 2dB, 3dB, 4dB, 5dB, 6dB}
· 

Use either or  in power control formula for PUCCH format 4 and PUCCH format 5.
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