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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]. One important object of this WI aims to enhance the CA capabilities of up to 32 component carriers (CC). It was agreed that at least for non-UL CA capable UEs, the PUCCH on one cell, possibly with new PUCCH format(s), should support uplink control information (UCI) feedback for up to 32 DL CCs, which could be the baseline solution compared to the scheme of PUCCHs on two cell groups. 

In the RAN1 #81 meeting, link level simulations for evaluating new PUCCH format(s) were provided [2], focusing on PUSCH based new format and multi-PRB PUCCH format 3(PF3). In this contribution, further discussion on new PUCCH formats is provided by inputting further simulation results. 
2 Discussion for new PUCCH format
2.1 New format based on PUSCH structure
As agreed in RAN1 #81 meeting for the maximum HARQ-ACK payload size and multiple periodic channel state information (CSI) transmissions [3], large payload sizes for HARQ-ACK and/or multiple periodic CSI transmissions could be supported by a new PUCCH format. 
· The maximum HARQ-ACK codebook size in the uplink by one UE in one subframe for DL CA of up to 32 CCs is at least 128 bits
· In case of FDD PUCCH cell, the maximum HARQ-ACK codebook size is 64 bits

· 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
For large HARQ-ACK payload, multiplexing capacity on the PUCCH becomes less relevant since only few UEs with very large HARQ-ACK payload are expected to be scheduled simultaneously. As discussed and simulated in [2], a PUSCH based PUCCH format would be a good candidate for UCI with large payload sizes, even if this PUSCH based PUCCH format cannot support multiplexing PUCCHs from multiple UEs on one PRB.  When larger payload sizes [5] (e.g., more than 64 bits) need to be transmitted and current UL SINR is not good enough , a PUSCH based format with multiple PRBs in each slot is a good candidate for this case. Note that we suggest that one PUSCH based PUCCH format can include one or multiple PRBs in one slot. 
As illustrated by the simulation results in [2], slot-based frequency hopping can bring at least 2 dB gain than the case without frequency hopping, and also considering that the feature of frequency hopping for PUCCH exists in previous releases, frequency hopping for the PUSCH based PUCCH format should be supported. In addition, simulation results in [2] showed that PUSCH based PUCCH format with 1-symbol DMRS in one slot can get performance gain than that with 2-symbol DMRS in one slot due to lower coding rate, which is especially beneficial for large payload sizes. 
2.2 New format based on PUCCH format 3
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 larger range of UCI payload size. For example, in order to transmit 32 HARQ-ACK bits, the occupied resource for the PUSCH based format is  one PRB, however ,the equivalent occupied resource for   new PUCCH format based on PF3 with two PRBs is 2/5 PRB(here assume that 5 PUCCHs are multiplexed in these PRBs).It is obvious that overhead of PUSCH based format is higher than that of new PUCCH format based on PF3 for moderate payload sizes 
In addition, in the near future, it can be expected that the number of UEs that are scheduled simultaneously with 32 DL CCs would be very small. On the contrary, as the data rate requirement increases, UEs configured or scheduled with a moderate number of DL CCs may be expected to not be small. There could also be many legacy UEs in one cell configured with PF3. Moreover, resource utilization efficiency for PUCCH is very important, especially for TDD which has fewer UL resources compared to FDD. Therefore, for moderate payload sizes, e.g., from 23 to 64 bits, a new PUCCH format with multiplexing capability, also being capable of multiplexing with PF3, could be introduced. This requirement disqualifies a new PUCCH format being based on PUCCH format 3 with reduced spreading factor of the orthogonal cover codes (OCCs), since that constitutes a new structure without multiplexing capability with PUCCH format 3. It would also require yet another set of disjointly configured PUCCH resources. Therefore, in order to support moderate payload sizes, e.g., 23 to 64 bits, introduction of a new format based on PUCCH format 3 should be considered. 

To meet the above requirement of introducing a new PUCCH format with UE multiplexing capacity, multi-PRB PF3 based on single DFT operation is a promising solution. Firstly, the multi-PRB PF3 keeps the single carrier property by performing single DFT for data symbols of the PUCCH. Secondly, it supports flexible multiplexing with the legacy PF3 and with different such new formats with different number of PRBs. One drawback is that the single carrier property is lost when separate DMRS sequences for different PRBs are used to keep the orthogonality with the legacy PF3. However, for PAPR comparisons among different options for DMRS design of multi-PRB PF3 in [4], the option of separate sequences with inter-PRB cyclic shifting can achieve low PAPR performance. As mentioned for the scheme of multi-resource PF3 with separate DFT operations [6][7], even if similar link level performance can be achieved by the following simulation results in Figure 1 (the simulation assumptions are listed in the appendix), the PAPR of multi-resource PF3 is 1.2 dB higher than that of the multi-PRB PF3. 
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Figure 1. Ackmiss performance for multi-occ PF3 within one PRB and multi-PRB PF3

All in all, the following are proposed: 

Proposal: Adopt two new PUCCH formats in Rel-13 CA: 
· One based on the PUSCH structure. 
· The format includes one or more PRBs per one slot. 
· Legacy slot-based frequency hopping should be kept. 

· One is multi-PRB PF3 with single DFT. 
· The format includes two or more PBRs per slot.

· PRB-based DMRS cyclic shifting is introduced.
3 Conclusion

In this contribution, further discussion on new PUCCH formats is provided by inputting further simulation results. Finally, the following proposal is provided: 
Proposal: Adopt two new PUCCH formats in Rel-13 CA: 
· One based on the PUSCH structure. 
· The format includes one or more PRBs per one slot. 
· Legacy slot-based frequency hopping should be kept. 

· One is multi-PRB PF3 with single DFT. 
· The format includes two or more PBRs per slot.

· PRB-based DMRS cyclic shifting is introduced.
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Appendix

Simulation assumption

Table A1. Simulation assumption
	Parameter
	Setting

	Carrier frequency
	2 GHz

	Carrier bandwidth
	10 MHz

	Channel model
	EPA, 3 km/h

	Antenna setup
	1Tx2Rx, antenna correlation = 0.5; 

	Channel coding
	TBCC

	Modulation
	QPSK

	Channel estimation
	LS

	Number of PRBs in one slot
	Multi-PRB PF3: 2, 3
Multi-resource PF3: 1 (2, 3 OCCs)

	Transmit power
	per-UE power

	Frequency hopping
	Yes

	CRC length
	8

	Payload size (not consider CRC)
	32, 64

	Performance metric
	With CRC: in case CRC check fail, all bits as “NACK”













































































