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1 Introduction

Agreements from RAN1#81 for UCI transmission on PUCCH for enhanced CA include the following:
Agreements:
· For a UE that transmits more than 22 HARQ-ACK/SR bits in a subframe in a CG on either PUCCH or PUSCH, 

· X-bit CRC is included in the HARQ-ACK transmission, X >= 8 

· Baseline X for evaluation purpose only: X=8

· Rel-8 TBCC and rate matching is used 

· FFS for a UE that transmits less than 23 HARQ-ACK/SR bits in a subframe in a CG on either PUCCH or PUSCH
Agreements:
· 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
This contribution considers possible new PUCCH format structures to support the above requirements in terms of performance, overhead, implementation and standardization simplicity, and robustness to other functionalities such as SRS and/or P-CSI multiplexing.

2 PUCCH Formats
The following candidates for new PUCCH format(s) have been considered (e.g. [1-6])
1) PUSCH – Rel-12 structure

2) PUSCH – modified structure with 2 DMRS per slot

3) Modified PUCCH Format 3 with reduced OCC length
4) Modified PUCCH Format 3 with transmission in multiple PRB pairs
Regardless of the structure for new PUCCH format(s) and regardless of dynamic or semi-static determination for the HARQ-ACK payload, it is assumed that PUCCH Format 3 is used for HARQ-ACK payloads, or in general for UCI payloads, smaller than or equal to 22 bits.
PUSCH – Rel-12 structure

The Rel-12 PUSCH structure can provide superior performance to modifications of PUCCH 3 in a straightforward manner [1, 2]. It also allows for re-use of existing transmitter/receiver structures, simple multiplexing of periodic CSI and/or SRS, is easily scalable to increasing UCI payloads, and offers a forward compatible solution. The required overhead granularity is 1 PRB pair which is not an issue, even for full UL bandwidth utilization in a cell, given the large associated UCI payloads and that a small number of UEs is expected to require support of such UCI payloads on PUCCH per subframe. 

Observation 1: The Rel-12 PUSCH structure is an effective solution for meeting the UCI feedback requirements in eCA without any drawback.

PUSCH – Modified structure with 2 DMRS per Slot
For small (in the context of enhanced CA) UCI payloads and for low SINRs, a modified PUSCH structure with 2 DMRS per slot has been considered (e.g. [3]). The motivation is that for ‘small’ UCI payloads, the additional DMRS can offer a positive tradeoff between better channel estimation accuracy (more DMRS) versus higher code rate (less subframe symbols for HARQ-ACK multiplexing). However, the maximum gain resulting for a minimum possible HARQ-ACK payload of 23 bits (and inclusion of 8 CRC bits) is negligible and is further reduced when SRS is multiplexed (code rate becomes more important). The tradeoff becomes negative for typical HARQ-ACK payloads associated with the new PUCCH format(s), especially when SRS, and/or P-CSI multiplexing, and/or a TDD system are considered. 
Table 1 provides indicating required SINR values for the Rel-12 PUSCH and for the modified PUSCH. It is noted that a large percentage of UEs can experience SINRs above 6 dB [4] and use of 1 PRB pair is possible for such UEs even for UCI payloads above 130 bits. In case of more than 2 Rx antennas, the percentage of UEs that can support very large UCI payloads in one PRB pair further significantly increases.
Table 1. Required SINR for Rel-12 PUSCH and for PUSCH with 2 DMRS/slot 
(SRS, EPA3, 1Tx/2Rx, r=1/3 TBCC, 8-bit CRC, actual CE).
	
	Payload (HARQ-ACK+CRC)

	
	23 (1 PRB)
	64 (1 PRB)
	128 (1 PRB)
	128 (2 PRBs)

	Rel-12 PUSCH
	0.2 dB
	2.7 dB
	6.3 dB
	2.9 dB

	Modified PUSCH
	0.2 dB
	3.2 dB
	7.0 dB
	3.3 dB


The tradeoff from increasing DMRS density also becomes further negative when there is no slot-based frequency hopping as this allows for DMRS interpolation. Having localized transmission for a PUCCH with the PUSCH structure is due to the same reason (frequency selective RB selection to maximize SINR) as having localized transmission for data/UCI in a PUSCH (the name of the channel, ‘PUCCH’ or ‘PUSCH’, is obviously irrelevant) since, unlike Rel-12 PUCCH formats, the transmission does not need to consider multiple UEs and UE-specific frequency domain resource selection can apply. Moreover, for P-CSI multiplexing from multiple DL cells and assuming that the same PUCCH format as for HARQ-ACK multiplexing is used, respective payloads can be large even for a relatively small (from an eCA perspective) number of DL cells.
Therefore, there is no need to consider multiple structures according to the UCI payload or for FDD/TDD as the Rel-12 PUSCH structure provides superior performance for all UCI payloads associated with the use of a new PUCCH format. 

Observation 2: A modified PUSCH structure with 2 DMRS/slot does not outperform the Rel-12 PUSCH structure for any UCI payload especially when P-CSI/SRS multiplexing and/or localized transmission are also considered.
Modified PUCCH Format 3 with reduced OCC length 
A modified PUCCH format 3 with reduced OCC length can only be applicable for ‘small’ UCI payloads and even then it performs worse than PUSCH [5]. Considering the inclusion of an [8] bit CRC and that a new PUCCH format will be used only for UCI payloads of 23 bits or more, the range of such a PUCCH format is limited and cannot offer a single solution. Moreover, when SRS multiplexing exists (e.g. as it is highly likely in TDD but also in FDD), such a PUCCH format is inapplicable (orthogonal multiplexing with OCC cannot exist in the second slot without impacting multiplexing capacity). This holds regardless of single-PRB or for multi-PRB transmission. Further, although such a PUCCH format can potentially allow multiplexing of 2 UEs or 3 UEs per PRB pair, this may often be unnecessary as 2 or 3 eCA UEs may not be transmitting associated UCI payloads on PUCCH in the same subframe. Also, albeit small, some modifications to the UE transmitter and the eNB receiver are required. 
Observation 3: A modified PUCCH Format 3 with reduced OCC length is generally inapplicable and it is not useful for the purposes of eCA. 

Modified PUCCH Format 3 with transmission in multiple PRB pairs
A modified PUCCH format 3 with transmission in multiple PRB pairs offers, for the same UCI payload, comparable or somewhat worse performance (depending on the number of multi-PRBs and the channel) than a PUSCH transmission in one PRB pair (e.g. [5, 6]). This is due to worse channel estimation and due to increased interference in case of UE multiplexing and use of same RBs among at least some interfering cells. 
Although a motivation for using such a PUCCH format is to avoid an overhead increase by multiplexing transmissions with legacy UEs, this is unlikely to be the case in practice as not many UEs configured for DL CA (whether legacy CA or eCA) are expected to have UCI transmissions on a PUCCH (and also not have data transmission) in a same subframe. For example, if PUCCH format 3 transmission over 4 PRB pairs is needed for a corresponding UCI payload from an eCA UE, it is unlikely than another 12 or 16 (depending on SRS multiplexing) legacy CA UEs will be transmitting UCI using PUCCH Format 3 (and also not have data transmission) in the same subframe. For PUCCH transmission on a macro-cell where PUCCH resource overhead can be a consideration and for ‘small’ UCI payloads from an eCA UE where PUCCH format 3 transmission over a few (e.g. 2) PRB pairs can suffice, a multi-PRB PUCCH format 3 can be considered. However, this is an optimization as not many UEs are expected to transmit large UCI payloads on PUCCH necessitating use of new PUCCH formats on the macro-cell per subframe and may not justify the introduction of an additional PUCCH format. Also, albeit small, some modifications to the UE transmitter and the eNB receiver are needed.
Observation 4: If PUCCH overhead optimization on a macro-cell is desirable, a modified PUCCH format 3 with transmission in multiple PRB pairs can be considered. 

3 Conclusions

This contribution considered candidate PUCCH formats for eCA. In particular, the following observations are made.

Observation 1: The Rel-12 PUSCH structure is an effective solution for meeting the UCI feedback requirements in eCA without any meaningful drawback.

Observation 2: A modified PUSCH structure with 2 DMRS/slot does not outperform the Rel-12 PUSCH structure for any UCI payload especially when P-CSI/SRS multiplexing and/or localized transmission are also considered.
Observation 3: A modified PUCCH Format 3 with reduced OCC length is generally inapplicable and it is not useful for the purposes of eCA. 

Observation 4: If PUCCH overhead optimization on a macro-cell is desirable, a modified PUCCH format 3 with transmission in multiple PRB pairs can be considered. 

Based on the above observations, the following is proposed.
Proposal: The Rel-12 PUSCH structure is supported as a PUCCH format for eCA UEs. 
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