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1
Introduction
Work Item ”LTE Carrier Aggregation Enhancement Beyond 5 Carriers”  targets at as the second objective on enhancing carrier aggregation framework to support up to 32 component carriers.  Enhancements to support UCI feedback on PUCCH for up to 32 DL carriers was identified in the WID [1] as one of the items for the second WI objective. In RAN1#80 [2], it was agreed that RAN1 supports following two mechanisms for UCI feedback to support Rel.13 CA configurations:
· 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
· Two PUCCH cell groups are configured for up to 32 DL carriers
· Applicable only when UL CA is configured
· FFS: how many PUCCH cell groups are supported

· FFS: more than two PUCCH cell groups case
Further, it was observed in RAN1#80 that one or more new PUCCH format for increasing PUCCH payload capacity including considerations on UL overhead could be considered as an enhancements to PUCCH feedback format. 
We see that it is sufficient to introduce only one new PUCCH format as observed in [3]. We also see that when a new PUCCH format is specified, various topics need to be addressed including format structure, channel coding, PUCCH resource assignment mechanisms, supported UCI (HARQ-ACK, periodic CSI, SR) multiplexing combinations and mechanisms, and necessary enhancements to PUCCH transmit power control. In this contribution, we present our views on PUCCH format structure as well as on suitable channel coding.
2
PUCCH Format Design 
Current PUCCH Formats comprise CDMA by using sequence cyclic shifts and/or orthogonal cover codes to multiplex multiple UEs on the same PRB. One design option is to extend a current PUCCH format while maintaining support for CDMA. PUCCH Format 3 is natural candidate for such extension and PUCCH Format 3 payload can be extended by reducing the spreading factor and/or by extending the format in frequency domain to cover multiple PRBs. Given the large payload for the new PUCCH format, new format structure can also be based on PUSCH structure. Potentially also other format structure options may be identified. In the following section we compare link performance for PUCCH Format 3 extension as well as PUSCH based structure.
2.1 
Performance comparison
We have considered three alternatives for new PUCCH format to support larger HARQ payload and provide the link level results on the required SNR for achieving target ACK missed detection probability of 1% and NACK –to-ACK error probability of 0.1%.
Option 1 is based on the PUCCH format 3. The channel coding used is TBCC with 1/3 coding rate. Rest of the transmission structure is same as PUCCH format 3 that includes scrambling of coded bits, QPSK modulation, spreading and two DMRS symbols per slot. Option 2 is different from option 1 only in terms of spreading, The QPSK modulated symbols are not spread and thus it allows having a larger number of coded symbols. With this option, 120 QPSK symbols can be transmitted using 1 PRB over 1 subframe in comparison to 24 QPSK symbols in option 1.

Option 3 utilizes PUSCH like slot structure with only one DMRS symbol/slot that allows for 144 QPSK symbols. The rest of the transmission structure is same as in option 2. Table 1 summarizes the key differences between these 3 options and PUCCH format 3.

Table 1: Key Features of considered PUCCH Options
	Features
	PUCCH Format 3
	Option 1
	Option 2
	Option 3

	Channel Coding
	RM32
	TBCC
	TBCC
	TBCC

	Spreading
	Yes
	Yes
	None
	None

	DMRS symbols/slot
	2
	2
	2
	1

	QPSK Symbols/PRB
	24
	24
	120
	144


Figure 1 shows the required SNR values for achieving both target ACK missed detection probability of 1% and NACK-to-ACK error rate of 0.1%. Upto 3 PRBs are used with all three options to demonstrate the maximum supported payload. The simulation parameters are show in Table A1 in the appendix. Two main observations from these results are: 

1. Option 1 is not well-suited for payloads of 50 bits or above
2. With increasing payload, available number of coded QPSK symbols becomes more important than channel estimation improvement with a second DMRS symbol per slot. Option 3 provides performance equal to or better than the option 2 performance for payloads of 50 bits or above with allocations of 1 or 2 PRB. 
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Figure 1. SNR required for 1% ACK Missed Detection Probability and 0.1% NACK-to-ACK Error Probability for varying HARQ-ACK feedback sizes.

2.2
Discussion

Let’s first consider format options based on extensions of PUCCH Format 3. We see payload of up to 70-100 bits as a suitable target in the design of the new PUCCH format, as discussed in [3]. 70 – 100 bit payload corresponds to 105 – 150 QPSK symbols with 1/3 coding. To carry such a number of QPSK symbols, 4-6 PRB allocation would be needed for a PUCCH Format 3 extended only in frequency domain. At least 2 PRBs would be needed if PUCCH Format 3 payload is extended also by reducing the spreading factor. At narrower PRB allocations, PUCCH Format 3 extensions would suffer from less efficient channel coding, as 1/3 coding would be punctured to support spreading/repetition. Although this is just an example – as exemplary 1/3 coding is assumed – we see that PUCCH Format 3 extensions can fall behind the format design options not containing CDMA component in terms of link performance when resource allocations of 1 or 2 PRBs are considered. This is clearly seen from the shown simulations results.
The new PUCCH format may typically be used in a small cell PUCCH as a large number of DL carriers may be available for single UE typically in a small cell site having relatively low load. Further, such a large PUCCH format may be preferred to be offloaded to a small cell, either by configuring SCell PUCCH or by handing the UE over to the small cell. A small cell site with relatively low load can be expected to serve a relatively small number of UEs. Hence we expect that only infrequently there are multiple UEs simultaneously transmitting the new PUCCH format on the same cell. This questions the practical usability and, hence, the need for CDMA component on the new PUCCH format structure. In the case that the new PUCCH format is a PUCCH Format 3 extended only in frequency domain so that it maintains multiplexing compatibility with PUCCH Format 3, efficient use of the CDMA component would require that a considerable number of UEs would be transmitting simultaneously PUCCH Format 3. We see this unlikely in a small cell site having simultaneously a low load.  
On other hand, a PUCCH format that employs a PUSCH-like slot structure without CDMA spreading provides best link performance on the presented simulation results. Based on the results, 1 DM RS per slot supports sufficient channel estimation for the considered payload and SNR range.  PUSCH-like slot structure allows also for rather straightforward standardization and implementation of the new PUCCH format. For example, when the new PUCCH format structure is defined, multiplexing with SRS with a shortened PUCCH format as well as support for different CP lengths needs to be addressed. This can be expected to be rather straightforward with a PUSCH-like slot structure. 
Proposal #1: New PUCCH format employs a slot structure with DMRS on the 4th symbol for normal CP and, if supported, on the 3rd symbol for extended CP, DFT-S-OFDMA, and does not support CDMA.
Slot-based frequency hopping is an important diversity mechanism for delay critical HARQ-ACK feedback that cannot benefit e.g. from retransmissions. We see that it needs to be supported. We also see that PUCCH frequency hopping mechanism is a natural design choice for the new PUCCH format. Of course, intra and inter subframe hopping is supported for PUSCH. However, we do not see it to provide any gain over PUCCH hopping mechanism. Quite the contrary, use of PUSCH mechanism for intra and inter subframe hopping for a PUCCH format may unnecessarily complicate PUSCH scheduling if intra and inter subframe hopping is not otherwise used on PUSCH. 

On other hand, multiplexing of the new PUCCH format among PUSCH may be simplified if it is allowed to disable PUCCH frequency hopping for a certain PUCCH resource configuration applicable for the new PUCCH format. We see that such enabling/disabling of frequency hopping can be studied further.      
Proposal #2: PUCCH frequency hopping mechanism is applied on the new PUCCH format.

Observation #1: Support for disabling PUCCH frequency hopping for a certain PUCCH resource configuration applicable for the new PUCCH format can be studied further.
Channel coding needs also to be defined for the new PUCCH format. It is worth noting that LTE defines already now multiple channel coding schemes. Further, tail biting convolutional coding (TBCC) with coding rate 1/3 is already used in LTE for coding both DCI and UCI with comparable payloads. We see as a natural design that an existing LTE coding is reused with new PUCCH format, which leads to proposing that TBCC is employed with the new PUCCH format.
Proposal #3: LTE TBCC is employed as the channel coding scheme for the new PUCCH format.
3
Conclusion
In this contribution, we discuss the design of new PUCCH format that is needed to support UCI feedback for up to 32 DL component carriers. Based on the discussions, the following proposals and observations can be summarized: 
Proposal #1: New PUCCH format employs a slot structure with DMRS on the 4th symbol for normal CP and, if supported, on the 3rd symbol for extended CP, DFT-S-OFDMA, and does not support CDMA.
Proposal #2: PUCCH frequency hopping mechanism is applied on the new PUCCH format.

Proposal #3: LTE TBCC is employed as the channel coding scheme for the new PUCCH format.
Observation #1: Support for disabling PUCCH frequency hopping for a certain PUCCH resource configuration applicable for the new PUCCH format can be studied further.
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Appendix A Simulation assumptions
Table A-1. Simulation assumptions
	Parameter 
	Setting 

	Carrier Frequency 
	2 GHz 

	System Bandwidth 
	10 MHz

	Channel Model 
	ITU Urban Micro

	Frequency hopping 
	At slot boundary 

	Antenna Setup
	1Tx, 2 Rx

	Channel coding
	1/3 TBCC

	Channel Estimation
	Practical

	Noise Estimation
	Ideal

	Number of PRBs for PUCCH
	1, 2, and 3

	Performance Metric 
	ACK missed detection probability, NACK-to-ACK error probability 


