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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
Regarding the design of 2-symbol NR-PUCCH, the following agreements were made during the meeting of RAN1 Ad-Hoc #3 [1]:
Agreements:
· For 2-symbol PUCCH with more than 2 bits, option 1-1 is not supported in Rel-15
· Note: Option 1-1 (UCI is repeated between two symbols) 

Agreements:
· 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

Agreements:
· 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. 
· For one or two symbol(s) short-PUCCH for UCI of more than 2 bits, the encoded bits are scrambled.
· FFS on the scrambling initialization for the encoded bits

In this contribution, we make discussion and show our view on several remaining aspects for short-PUCCH over two symbols.
2. Discussions
2.1. Structure of short NR-PUCCH more than 2-bit over 2 OFDM symbols
For short NR-PUCCH more than 2-bit over 2 OFDM symbols, several remaining aspects are as follows (especially FFS parts in the previous agreements), e.g.,
· 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
· For one or two symbol(s) short-PUCCH for UCI of more than 2 bits, the encoded bits are scrambled 
· FFS on the scrambling initialization for the encoded bits
This section further investigate these aspects.
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Sequence hopping for 2-symbol NR-PUCCH with up to 2bit
[bookmark: _GoBack]In LTE, there are many methods to randomize inter-cell interference, including data scrambling, group hopping, and sequence hopping. Particularly, data scrambling is appied for bits after channel coding. Group/sequence hopping is applied for reference signals where reference-signal base sequences are divided into 30 groups, group hopping means that for a UE, the used base sequence between differernt slots  is from different groups. Sequence hopping only applies for reference-signals of length  because only when the reference-signal length is longer than , there are more than 60 base sequences and when divided into 30 groups, each group can have two base sequences. In NR, it’s agreed that for the sequence length of 12 REs, the supported number of base sequences is 30. If the same grouping mechanism is applied in NR, i.e.,30 groups, only one base sequence in each group, thus sequence hopping can not be achieved. In our opnion, for 2-symbol PUCCH with up to 2-bit UCI which can be transmission in sequence selection manner with less than 6PRB, at least group hopping sholud be supported for inter-cell interference randomization. Similar to LTE, the group hopping can be enabled or disabled by high layer signaling and the hopping pattern can be determined based on cell ID.
Scrambling for 2-symbol NR-PUCCH with more than 2bit


In LTE, for PUCCH format 2/3/4/5, the block of bits shall be scrambled with a UE-specific scrambling sequence and the scrambling sequence generator shall be initialised with  at the start of each subframe where denotes slot number within a radio frame and ranges from 0 to 19; is the physical layer cell identity with 504 different values;  is the C-RNTI. In our opinion, similar mechanism can be used in NR system. That is, the encoded bits scrambling can be initialized by Cell ID, C-RNTI and slot number. Furthermore, note that in NR, slot number within a radio frame is variable with different numerologies; 1008 cells is supported.
Proposal 1: scrambling can be initialized by Cell ID, C-RNTI and slot number. 
2.2. PRB allocation for short PUCCH over two symbols 
[bookmark: OLE_LINK4]In RAN1#88bis, it was agreed to support both localized and distributed allocations for 1-symbol short PUCCH. And it’s agreed in RAN1 #89 meeting that frequency hopping is supported at least for localized (contiguous) PRB allocation in each symbol. So it’s still an open issue whether to support distributed PRB mapping for short PUCCH over two symbols. Link level simulations are conducted to make comparison between the differnet candidate structures (distributed PRB mapping without frequency hopping; localized PRB maping with or without frequency hopping) from the BER performace point of view. Annex A provides the detailed simulatoin assumptions and results for distributed and localized PRB allocation for short PUCCH.Table 1 Required SNR for 1% BER with 20bits UCI with different RB mapping schemes
	No. of PRB
	Delay spread
	Distributed [dB]
	Localized+FH [dB]
	Localized [dB]

	3 PRB
	30ns
	-2.1216
	-1.3230
	1.7659

	
	1000ns
	-1.8100
	-1.3494
	0.6061

	6 PRB
	30ns
	-3.7466
	-3.4144
	0.2701

	
	1000ns
	-4.7009
	-3.4325
	-2.4459



From Table 1, we can observe that  for 2-symbol PUCCH with different schemes,
· Distributed PRB allocation with DMRS in each symbol outperforms others especially in large delay spead scenario.
· For 20-bit UCI, distributed mapping outperforms localized mapping without frequency hopping. Especially for small delay spread scenario, about 4dB gain is observed.
· For 20-bit UCI, distributed mapping outperforms localized mapping without frequency hopping, about 1dB gain is observed.
According to the above simulation results, we have the following observation and proposals:
Observation: For 2-symbol PUCCH, distributed mapping can provide better performace than localized mapping either with or withour frequency hopping.
Proposal 2: Distributed PRB allocation shall be supported at least for short PUCCH spans 2 OFDM symbols.
2.3. [bookmark: OLE_LINK3][bookmark: OLE_LINK5][bookmark: OLE_LINK6]Beam sweeping between two symbols
It’s well-known that short PUCCH with 1 or 2 symbol(s) duration are designed for shorter RTT relative to long PUCCH designed for lager RTT and wider coverage. In our view, the main motivation for the 2-symbol short PUCCH is for reliability compared to the 1-symbol. For multiple-beam scenario, it’s reasonable to consider beam sweeping between two symbols. There are two operations listed as follow which can be considered.
· Option 1: short PUCCH with 2-symbol but different beam in each symbol
· Option 2: repetition of two 1-symbol short PUCCHs
Basically, both option 1 and option 2 provides similar performance. Compared to option 2 , option 1 allows different QCL assumptions within one short PUCCH instance. Therefore the signalling design is more complicated. Option 2 is very similar to LTE PUCCH repitition. Therefore, we propose that
Proposal 3: Repetition of two two 1-symbol short PUCCHs is supported. And different QCL assumption can be indicated.
2.4. Multiplexing between different NR-PUCCH formats
Regarding the multiplexing between short-PUCCH and long-PUCCH or PUCCH for large payload and small payload, there are several multiplexing options summarized in our companion contribution [2]. In order to multipex different PUCCH or PUCCH and SRS, we perfer IFDMA-like PUCCH.
Proposal 4: In order to multipex different PUCCH or PUCCH and SRS, we perfer IFDMA-like PUCCH structure is supported in NR.
3. Conclusion
This contribution discusses some considerations on structure design for short NR-PUCCH with more than 2-bit UCI. In summary, observations and proposals are made as follows:
Proposal 1: scrambling can be initialized by Cell ID, C-RNTI and slot number. 
Observation: For 2-symbol PUCCH, distributed mapping can provide better performace than localized mapping.
Proposal 2: At least frequency hopping shall be supported for short PUCCH spans 2 OFDM symbols in R15.
[bookmark: OLE_LINK7]Proposal 3: Repetition of two 1-symbol short PUCCH is supported. And different QCL assumption can be indicated.
Proposal 4: In order to multipex different PUCCH or PUCCH and SRS, we perfer IFDMA-like PUCCH structure is supported in NR.
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Annex A. Simulation for distributed and localized short PUCCH 
Evaluation assumptions
· 20bit UCI of large payload is evaluated by link-level simulation by considering multiple ACK/NACKs and CSI feedback. Polar code is applied since this is the current agreement for improving UCI performance. 
· 3PRBs and 6PRBs are assumed and both localized (contiguous) and distributed (non-contiguous) allocations are simulated. 
· Note that non-contiguous RBs with largest frequency separation or localized RBs with frequency hopping with largest frequency deiversity is assumed.
· TDC-C channel is assumed. DS=30ns and 1000ns are considered in order to model small and large delay spread scenarioes.
· The agreed 1/3 DMRS density equally distributed at the RE index of {#1, #4, #7,#10} is applied.

Table A.1 Link-level simulation assumptions
	Parameter
	Assumption

	Bandwidth
	20 MHz

	Carrier frequency
	4GHz

	Channel model
	3 Km/h, TDL-C, 30ns, 1000ns

	Channel estimation
	Ideal MMSE

	Resource allocation
	two-OFDM symbol are reserved 

	
	6/3 contiguous RBs, dis-contiguous RBs with largest frequency separation

	 Control Channel Payload
	20bits

	Modulation Scheme
	QPSK, polar+8bit CRC, Max-log-likehood algorithm

	Subcarrier spacing
	15kHz

	Symbol length
	Normal CP 160Ts + 2048 Ts, Ts =1/30.72us 

	Antenna Model
	1Tx, 2 Rx



Simulation results
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 [image: ] [image: ]
Figure 1. The BER performance vs. SNR for 2-symbol PUCCH for 20-bit UCI for single user TDL-C 30ns or 1000ns channel. 3/6PRBs localized and distributed. Comparing of structures for 2-symbol PUCCH
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