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1. Introduction
At the RAN1 NR-Adhoc #1901 meeting, UL signals and channels for NR-U were discussed and following agreement and working assumption were made [1].
	Agreement:
For interlace transmission of at least PUSCH and PUCCH, the following PRB-based interlace design is supported for the case of 20 MHz carrier bandwidth:
a.	15 kHz SCS: M = 10 interlaces with N = 10 or 11 PRBs / interlace
b.	30 kHz SCS: M = 5 interlaces with N = 10 or 11 PRBs / interlace
Note: PRACH design to be considered separately, including multiplexing aspects with PUSCH and PUCCH

Working assumption:
· For a given SCS, the following interlace design is supported at least for PUSCH:
· Same spacing (M) between consecutive PRBs in an interlace for all interlaces regardless of carrier BW, i.e., the number of PRBs per interlace is dependent on the carrier bandwidth
· Point A is the reference for the interlace definition
· For 15 kHz SCS, M = 10 interlaces and for 30 kHz SCS, M = 5 interlaces for all bandwidths
· FFS: Interlace design for PUCCH for bandwidths greater than 20 MHz
· FFS: Whether and how partial interlace allocation is supported 


In this contribution, we discuss on the UL signals and channels for NR-U, including PUCCH formats, PUSCH interlace design for wideband transmission and PUSCH starting position. 
2. PUCCH design enhancement for NR-U
During the NR-U SI, PUCCH design enhancement had been discussed and following is captured in the TR38.889 [2].
	Support for Rel-15 NR PUCCH formats can be considered, however, not necessarily all Release 15 NR PUCCH formats are applicable to NR-U. It has been identified that legacy PUCCH formats PF2 and PF3 are beneficial for NR-U for the scenario of contiguous allocations due to the fact that they may be configured with bandwidth that meets the minimum temporal allowance of 2 MHz (12/6/3 PRBs for 15/30/60 kHz SCS). It has been identified that legacy PUCCH formats PF0/1/4 are not well-suited for NR-U for the scenario of contiguous allocations since they support only single PRB.
When new block interlace waveform for PUCCH is to be defined, it is beneficial to use the same block interlace structure for PUCCH and PUSCH. 
It has been identified that enhancement of one or more legacy PUCCH formats is feasible to support block interlaced PUCCH transmission. There is consensus that enhanced PUCCH with both short and long duration is beneficial for NR-U; however, no consensus has been achieved about which legacy PUCCH format(s) should be the starting point for an enhanced PUCCH design. Some sources suggest introducing just one or two new enhanced PUCCH formats, while other sources suggest enhancing all or almost all legacy PUCCH formats (PF0,1,2,3,4). Regardless of which format(s) is(are) chosen as a starting point for enhancement, the following common aspects have been identified as important to consider in the detailed design of the enhanced PUCCH format(s) when specifications are developed:
-	Flexible number of OFDM symbols
-	Short duration, e.g., 1 or 2 OFDM symbols
-	Long duration, e.g., 4 – 14 OFDM symbols
-	Flexible UCI payload
-	Small payload, e.g., 1 or 2 bit
-	Larger payloads, e.g., > 2 bits
-	Coding of UCI payload, e.g.,
-	Extend legacy (NR Rel-15) PUCCH encoder to handle small payloads
-	Repetition of coded UCI bits across PRBs of an interlace
-	UCI Codebits over all PRBs, i.e. no repetition coding.
-	Number of supported PUCCH formats
-	Support for user multiplexing of both UCI payload and DMRS on an interlace, e.g.,
-	OCCs
-	Cyclic shifts
-	FDM within an interlace
-	Multiplexing method of UCI payload and DMRS, e.g,
-	TDM 
-	FDM
-	Mechanism to control PAPR, e.g.,
-	OCC cycling
-	Bit level processing
-	PRB level processing
-	Sequence hopping
-	PUCCH waveform, e.g.,
-	CP-OFDM
-	DFT-s-OFDM
-	Performance, e.g.,
-	Required SNR to achieve a target BLER
-	Required SNR to achieve target ACK to NACK rate, NACK to ACK rate and DTX to ACK rate
-	Coverage considering CM/PAPR



As in the TR description, NR SI does not achieve a consensus on which format(s) is/are enhanced and supported for NR-U. Some companies suggested introducing just one or two new enhanced PUCCH formats, while other companies suggested enhancing all or almost all legacy PUCCH formats (PF0,1,2,3,4). 
In TS38.213, PUCCH resource sets to be used before receiving dedicated PUCCH resource configuration and PUCCH formats for UCI transmission are specified [3]. Either of PUCCH format 0 or 1 is used for PUCCH resource sets before receiving dedicated PUCCH resource configuration. For UCI transmission, PUCCH format to be used is specified as following.
	If a UE is not transmitting PUSCH, and the UE is transmitting UCI, the UE transmits UCI in a PUCCH using
-	PUCCH format 0 if 
-	the transmission is over 1 symbol or 2 symbols,
-	the number of HARQ-ACK information bits with positive or negative SR (HARQ-ACK/SR bits) is 1 or 2 
-	PUCCH format 1 if 
-	the transmission is over 4 or more symbols,
-	the number of HARQ-ACK/SR bits is 1 or 2 
-	PUCCH format 2 if 
-	the transmission is over 1 symbol or 2 symbols,
-	the number of UCI bits is more than 2 
-	PUCCH format 3 if 
-	the transmission is over 4 or more symbols,
-	the number of UCI bits is more than 2, 
-	the PUCCH resource does not include an orthogonal cover code 
-	PUCCH format 4 if 
-	the transmission is over 4 or more symbols,
-	the number of UCI bits is more than 2,
-	the PUCCH resource includes an orthogonal cover code 



Since PUCCH resource set(s) including PF information can be configured by higher layer after RRC connection and actual PUCCH resource to be used is indicated by using DCI, we need to consider at least covering the variation of content sizes for UCI.  In terms of content capacity, PF 3 is largest, PF 2 and PF 4 seems nearly equal, and PF 0 and 1 is for only 1 or 2 bit(s) [4]. In terms of difficulty of enhancement with interlace mapping, PF 2 is preferable rather than PF 4 as mentioned in TR.
By taking above discussions into account, it seems enough that either PF 0 or 1 is supported for the case before receiving dedicated PUCCH resource set configuration and the case of HARQ feedback only, in addition to PF 2 for the case of middle UCI size and PF 3 for the case of large UCI size.
[bookmark: _GoBack]The method to enhance PF 0 or 1 which is single PRB based transmission in Rel-15 needs to be discussed. One option is a repetition in frequency domain with interlace mapping. 
Proposal 1: Enhancement of NR-PUCCH formats [0 or 1], 2 and 3 should be supported for NR-U.
· Repetition in frequency domain with interlace mapping could be considered to enhance PF 0 or 1.

3. PUSCH interlace design for wideband
During the NR-U SI, the PUSCH interlace design for wideband had been discussed and following is captured in the TR38.889 [2].
	For carriers with bandwidth larger than 20 MHz, two candidate interlace designs have been identified:
-	Alt-1: Same interlace spacing for all interlaces regardless of carrier BW. This alternative uses Point A as a reference for the interlace definition
-	Alt-2: Interlacing defined on a sub-band (20 MHz) basis. (Note: Possible interlace spacing discontinuity at edges of sub-band).



As introduced in Section 1, RAN1 made working assumption on Alt-1 above. This seems a reasonable assumption to map resources more simply and evenly. On the other hand, in order to confirm this working assumption, RAN4 discussion on channel raster for NR-U would be necessary. In particular, NR-U channel raster could be larger than 15kHz considering the regulation of a given unlicensed band, but if channel rasters for NR-U are not aligned with the same common resource grid, above working assumption may be problematic in case where wideband UE and narrowband UE coexists. Therefore, RAN1 would need to wait for RAN4 decision on NR-U channel raster. 
Proposal 2: Before confirming the working assumption on interlace design for carriers with bandwidth wider than 20MHz, RAN1 asks RAN4 to discuss channel raster issue for NR-U.

4. PUSCH starting position
During the NR-U SI, the PUSCH transmission at the beginning of COT had been discussed and following is captured in the TR38.889 [2].
	It has been identified to be beneficial for the NR-U design to not require the UE to change a granted TBS for a PUSCH transmission depending on the LBT outcome.
The following options have been identified as possible candidate at least for the first PUSCH(s) transmitted in the UL transmission burst.
-	Option 1: PUSCH(s) as in Rel-15 NR
-	Option 2: Multiple starting positions in one or multiple slot(s) are allowed for PUSCH(s) scheduled by a single UL grant (i.e., not a configured grant) and one of the multiple PUSCH starting positions can be decided depending on LBT outcome. 
It is noted that for above options, the ending position of the PUSCH is fixed as indicated by the UL grant.
It is noted that above options are not mutually exclusive.



As we proposed in [5], multi-TTI scheduling for PUSCH should be supported as in LTE-LAA to facilitate efficient scheduling of PUSCH in UE-initiated COT. This enhancement is aligned with option 2 enhancement in this topic. The multi-TTI scheduling grant can provide multiple PUSCH starting positions in multiple slots or potentially in multiple mini-slots. Necessity on finer starting position granularity needs further study.
Proposal 3: Providing multiple PUSCH starting positions in a single UL grant is supported so that UE can decide one of them as actual PUSCH starting position according to LBT outcome.

5. Conclusion
In this contribution, we discussed on the UL signals and channels for NR-U, including PUCCH formats, PUSCH interlace design for wideband transmission and PUSCH starting position. Based on the discussion, we made following proposals.
Proposal 1: Enhancement of NR-PUCCH formats [0 or 1], 2 and 3 should be supported for NR-U.
· Repetition in frequency domain with interlace mapping could be considered to enhance PF 0 or 1.
Proposal 2: Before confirming the working assumption on interlace design for carriers with bandwidth wider than 20MHz, RAN1 asks RAN4 to discuss channel raster issue for NR-U.
Proposal 3: Providing multiple PUSCH starting positions in a single UL grant is supported so that UE can decide one of them as actual PUSCH starting position according to LBT outcome.
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