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Introduction
Some relevant agreements on 2-symbol short PUCCH are as follows. This contribution makes some further design proposals based on these.
Agreements at RAN1#89:
· For 2-symbol NR-PUCCH, frequency hopping is supported at least for localized (contiguous) PRB allocation in each symbol
· FFS for distributed (non-contiguous) PRB allocation

Agreements at RAN1#90:
· For a long-PUCCH,
· Frequency-hopping is enabled/disabled by RRC signaling.
· FFS: if frequency-hopping is always enabled for a long-PUCCH with larger than a certain duration

Agreements at RAN1#NR-AdHoc3:
· For 2-symbol PUCCH with more than 2 UCI bits, the DM-RS density and pattern (i.e., the DM-RS locations) of 1-symbol PUCCH with UCI more than two bits are used for each symbol of the 2-symbol PUCCH
· For two-symbol short-PUCCH with up to 2 UCI bits, sequence hopping between the two symbols is supported.
· FFS: The details of sequence hopping.

[bookmark: _Ref458791381][bookmark: _Ref378529477]Two symbol short-PUCCH 
Frequency hopping
Frequency hopping between the two symbols of a 2-symbol short-PUCCH provides frequency diversity, and has already been agreed at RAN1#89 for the case of contiguous (localized) PRB allocation. In channels without much frequency diversity, it may be advantageous to disable frequency hopping, so that the DMRS from both the symbols can be used to improve the channel estimation. However, such a scheme would then lose frequency diversity and thus suffer in channels where frequency diversity is available to be exploited. Here we characterize the gain from improved channel estimation in AWGN for PUCCH payloads of 3 and 11 bits (i.e., Reed-Muller coding) with localized RB allocation. 
The simulation assumptions are listed in Table 1. As noted, when frequency hopping is used, the channel is estimated independently on each of the two OFDMsymbols of the PUCCH transmission. If frequency hopping is disabled, the resulting channel estimates computed separately are then averaged and the average is used on the second OFDMsymbol. This models a scenario where the processing timeline is maintained at the receiver for the first OFDMsymbol regardless of whether or not hopping is enabled, while the second symbol sees some improvement in channel estimation when hopping is disabled.


Table 1: Simulation Assumptions
	Parameter
	Value

	Subcarrier spacing
	120kHz

	Channel model
	AWGN

	PUCCH payload
	3 or 11 bits

	PUCCH encoding
	Reed-Muller (per NR spec)

	PUCCH format
	2-symbol, DMRS as per RAN1 agreement

	PUCCH resource
	fixed location of N contiguous RBs each ofdmsymbol, N=4 or 8

	
	

	Offset between 1st RB across 2 ofdmsymbols
	0 (no hopping), 32 RBs

	Channel estimation
	Actual. When no hopping, 2nd OFDMsymbol channel estimate is averaged with the 1st for use on the 2nd OFDMsymbol

	
	

	PUCCH Target BLER
	1%



Figure 1 shows the performance in AWGN. As expected, performance is slightly better when hopping is disabled (‘hop=0’ in the plot legends), due to the improved channel estimation, as compared to when it is disabled (‘hop=32’). The improvement in the non-hopping case is around 0.3dB. Some further improvement may be expected if the averaged channel estimate is used for both the first and second OFDMsymbol.
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Figure 1: 2-symbol PUCCH performance in AWGN
The gain described above will decrease or may change to a loss in scenarios and channels where frequency diversity is present. However, to enable the option to exploit the gain when possible, it is reasonable to allow the frequency hopping to be configurable. This also follows along the lines of the previous agreement on frequency-hopping for long-PUCCH.
Proposal 1: Allow frequency hopping to be RRC configurable for 2-symbol PUCCH.

Sequence Hopping
Sequence hopping has been agreed for 2-symbol PUCCH. It has not been discussed for long-PUCCH. However, similar to LTE, there is motivation to introduce sequence hopping for long-PUCCH as well, to provide interference randomization. LTE uses a symbol-level sequence hopping and a slot-level hopping of the OCC sequence. A similar scheme could be used for long-PUCCH in NR, and it has to support all possible durations of long PUCCH. Thus it is natural to extend the long-PUCCH scheme to apply to short-PUCCH as well, eg, using only the first 2 sequences of the long PUCCH sequence hopping framework. The short-PUCCH differs from the long-PUCCH in that the transmission uses sequence selection rather than sequence modulation. However, the possible N sequences to be transmitted for the various short-PUCCH payloads (N=2 for 1-bit and 4 for 2-bit UCI) may be identified based on a base sequence and an offset. Thus, the long-PUCCH sequence hopping framework could be applied to the base sequence, and the offset may be re-used. The mapping between the payload values (Ack or Nack etc) and the sequences could also be randomized across slots as explained in [1], and this same framework can be reused for the 2-symbol short PUCCH as well.
Proposal 2: Re-use sequence hopping framework across 2-symbol short-PUCCH and long-PUCCH
SRS and short-PUCCH
For intra-slot transmission of SRS and short-PUCCH from the same UE, we proposed in [2] that SRS is never FDMed with any other channel. For intra-slot TDM of SRS and short PUCCH, we propose that SRS be placed prior to short PUCCH, to allow more time for the UE to construct the short PUCCH payload.
Proposal 3: For intra-slot transmission of SRS and short-PUCCH from same UE, support TDM with SRS followed by PUCCH

Conclusions
[bookmark: _GoBack]In this contribution, we reviewed previous agreements on 2-symbol short PUCCH design, studied frequency hopping for 2-symbol PUCCH, and motivated the following proposals:
Proposal 1: Allow frequency hopping to be RRC configurable for 2-symbol PUCCH.
Proposal 2: Re-use sequence hopping framework across 2-symbol short-PUCCH and long-PUCCH
Proposal 3: For intra-slot transmission of SRS and short-PUCCH from same UE, support TDM with SRS followed by PUCCH
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AWGN shor-PUCCH performance with vs without hopping
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