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1 Introduction

In the RAN #67 meeting, the work item (WI) on LTE carrier aggregation (CA) enhancement beyond 5 carriers was updated [1]. The WI aims for the first object to define support for PUCCH on SCell for Rel-12 CA configurations, and for the second object to enhance the CA capabilities of up to 32 component carriers (CC). In the RAN1 #80 meeting, there was considerable progress for the first object and the remaining issues are further discussed in [2]. Meanwhile, some high level agreements for the design of the second object are listed below: 
· Enhancements to support UCI feedback on PUCCH on Pcell for up to 32 DL carriers and enhancements to support UCI feedback on PUSCH on one cell for up to 32 DL carriers

· Applicable to both cases when UL CA is configured or UL CA is not configured for UL CA capable UEs

· Applicable to non-UL CA capable UEs
· FFS: Multiple PUCCHs on Pcell
Based on the listed agreements, the baseline is to enhance PUCCH on PCell only and PUSCH on one serving cell to support UCI feedback for up to 32 DL CCs. In this contribution, the need and design alternatives for new PUCCH format(s) are discussed. 
2 Need for new PUCCH format
As the baseline is to enhance PUCCH on PCell only to support Uplink Control Information (UCI) feedback for up to 32 DL CCs, it means that PUCCH(s) on PCell should carry, e.g., HARQ-ACK bits corresponding to maximum 32 DL CCs. One option is to not introduce any new PUCCH format but reuse PUCCH format 3 and transmit the HARQ-ACK bits on multiple PUCCH resources. 
The simulation results in [3] show nearly 2 dB CM increase when using 5 PUCCH format 3 resources in a PRB compared to using PUCCH format 3. The loss may further increase when using PUCCH resources in multiple PRBs. Considering at most 5 resources of PUCCH format 3 are supported in one PRB and one PUCCH format 3 supports 21 HARQ-ACK bits, at least 6 resources in two PRBs need to be allocated to support 128 HARQ-ACK bits for 32 CCs each with TDD configuration #2. It therefore seems that multiple PUCCH resource for format 3 is not a good solution for carrying the HARQ-ACK bits of up to 32 DL CCs.   
Overall, considering the increased CM/PAPR caused by using multi-PUCCH resources for PUCCH format 3, and that it would not be meaningful to use PUCCH format 3 with extreme HARQ-ACK bundling to support HARQ-ACK transmission for up to 32 CCs in contribution [4], new PUCCH format(s) needs to be introduced which is used as baseline for PUCCH enhancement to support up to 32 DL CCs. 
Proposal 1: New PUCCH format(s) should be introduced in Rel-13 CA. 
3 Design for new PUCCH format
Discussion on multi-PUCCH transmission took place in Rel-10 and the main disadvantages are increased CM/PAPR if a single power amplifier is used. It is worth noting that the SC-FDMA waveform may already be broken if the UE is capable of simultaneous PUSCH/PUCCH or multi-cluster PUSCH resource allocation. However, the feature of either simultaneous PUSCH/PUCCH or multi-cluster PUSCH resource allocation is optional based on UE capability and the key point is that is possible to design the PUCCH without the CM/PARR degradation. Therefore, the single carrier property should be kept for the new PUCCH format(s) to guarantee the UL power efficiency. 
Proposal 2: The single carrier property should be kept for the new PUCCH format(s). 

Also as stated in the WID [1], the specified solutions shall efficiently support any number of component carriers up to 32, and this goal may require defining more than one PUCCH format, considering the corresponding overhead and supported UCI payload size. For example, a UE configured with 32 DL CCs may need to transmit 128 HARQ-ACK bits by using a new PUCCH format with larger UL overhead(e.g.,6 PRBs), while another UE configured with 10 DL CCs may need to transmit 40 HARQ-ACK bits by using a new PUCCH format with smaller UL overhead(e.g.,2 PRBs). It is highly desirable to design a new PUCCH format with a scalable container. In addition, the design principle to support a scalable number of HARQ-ACK bits facilitates the fallback operation, which achieves efficient UL resource utilization [5]. 
Proposal 3: The new PUCCH format(s) should support a scalable number of UCI bits. 
Based on the above design principles for the new PUCCH format(s), two alternatives for new PUCCH formats are discussed in the following. 
3.1 New PUCCH format based on PUCCH format 3
One alternative is extending PUCCH format 3 to multiple PRBs in a slot. This would support a scalable UCI payload by using different number of PRBs. For example, if 2 PRBs are used per slot, the UCI payload capacity doubles and the multiple-PRB PUCCH format 3 can carry 96 coded bits by modulating 24 QPSK symbols and spreading with a length-5 orthogonal cover code (OCC). The SC-FDMA waveform is kept by using a 24-point DFT. By scaling the number of PRBs with the UCI payload, the coding rate can be kept the same as the legacy PUCCH format 3. Moreover, the format structure is essentially the same as for PUCCH format 3, which makes it possible to transmit the multi-PRB PUCCH format 3 and PUCCH format 3 in the overlapped PRB pairs, as shown in Figure 1. Such configuration increases the efficiency of resource utilization, which is like the case where PUCCH format 1a/1b and PUCCH 2/2a/2b are multiplexed in the same PRB. 
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Figure 1. Example of transmission in overlapped resources of PUCCH format 3 and a multi-PRB PUCCH format 3 utilizing 2 PRBs per slot.
3.2 New PUCCH format based on PUSCH
Another alternative is to reuse the PUSCH structure as a new PUCCH format, i.e., a DFT-precoded transmission. This would support a scalable UCI payload by using different number of PRBs. A PUSCH based PUCCH format would be able to carry a larger payload (~5 times) per PRB than the format in Sec. 3.1 but would require a separate set of PUCCH resources and offers no multiplexing of UEs on the same PUCCH resource. 
Figure 2 a), b) and c) illustrate potential structures, using the PUSCH DMRS positions, with and without some form of intra-subframe hopping. Using hopping would provide diversity gains but worse channel estimation performance. If that is an issue, it could be considered to use the DMRS positions of PUCCH format 3, i.e., 4 DMRSs per subframe.


[image: image2.emf]Rel-12  PUCCH 

regions

Rel-12  PUCCH 

regions

PUSCH resources

Rel-12  PUCCH 

regions

Rel-12  PUCCH 

regions

PUSCH resources

Rel-12  PUCCH 

regions

Rel-12  PUCCH 

regions

PUSCH resources

t

f

a) PUSCH DMRS with intra-subframe hopping b) PUSCH DMRS without intra-subframe hopping

c) PUCCH format 3 DMRS with intra-subframe hopping

Rel-13  PUCCH

DMRS


Figure 2. Different examples of a Rel-13 PUCCH based on the PUSCH, utilizing the DMRS positions of either the PUSCH (a) and b)) or PUCCH format 3 (c)), with or without intra-subframe frequency hopping.
Proposal 4: Study further the design of the new PUCCH format(s), including:

· Multi-PRB PUCCH format 3 using a single DFT-precoder, which can be multiplexed with PUCCH format 3. 

· PUCCH format based on the PUSCH. 

4 Conclusion

Considering the baseline is to enhance PUCCH on PCell only and PUSCH on one serving cell to support UCI feedback for up to 32 DL CCs, the need and design options for new PUCCH format(s) are discussed in this contribution. Finally, the following proposals are provided: 
Proposal 1: New PUCCH format(s) should be introduced in Rel-13 CA. 
Proposal 2: The single carrier property should be kept for the new PUCCH format(s). 

Proposal 3: The new PUCCH format should support a scalable number of UCI bits. 
Proposal 4: Study further the design of the new PUCCH format(s), including:

· Multi-PRB PUCCH format 3 using a single DFT-precoder, which can be multiplexed with PUCCH format 3. 

· PUCCH format based on the PUSCH. 
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