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[bookmark: _GoBack] Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK16][bookmark: OLE_LINK15][bookmark: OLE_LINK2]At the RAN #82 meeting, the new WID on NR-U (NR-based Access to Unlicensed Spectrum) [1] aims to identify solutions and techniques for next generation wireless systems operating on unlicensed bands. In the WID, one of the objectives is to specify UL reference signal and physical layer channels design.  At the RAN1 #AH_1901 and #96 meeting, the below agreements were further reached on UL signals and channels design for NR-U.
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
Agreement:
· Support short and long PUCCH durations based on enhancements of at least Rel-15 PUCCH formats PF2 and PF3. The enhancements include at least the following aspects:
· [bookmark: OLE_LINK7]For a 20 MHz carrier bandwidth, support mapping to physical resources of at least one full interlace
· Mechanism to support user multiplexing for both data and reference symbols of PUCCH
· The following aspects are FFS:
· Support for small payloads (1 and 2 bits)
· Alt-1: Support both small payloads and larger payloads (> 2 bits) for enhanced PF2 and enhanced PF3
· Alt-2: Small payloads are supported by enhanced PF0 and/or enhanced PF1
· Whether or not to replace DFT-s-OFDM with CP-OFDM for the enhanced PF3
Agreement:
Suppport configuration of an SRS resource in additional OFDM symbol locations other than the last 6 symbols of a slot with PUSCH and SRS time division multiplexed as in Rel-15.
· FFS: which symbols locations.
Agreement:
Sub-PRB interlace design for PUSCH and PUCCH is not supported.
In this contribution, we discuss potential UL physical layer channels and reference signal design of NR-U, including UL interlace, PUSCH, PUCCH, and SRS.
 Potential UL physical channels and reference signals design
[bookmark: _Toc535588807]UL Interlace Design
[bookmark: _Toc1970555]PRB interlace design for 60 kHz in 20MHz
In the previous meeting, some companies have proposed an interlace design for PUSCH and PUCCH for the case of 60 kHz SCS. Either M = 3, N = 8 or M = 2, N = 12 was given. However, in the case of M = 3, N = 8, the percentage of occupied channel bandwidth per interlace over declared channel bandwidth is 79.2% and does not meet the 80% OCB requirement. For  M = 2, N = 12, only two UEs can be multiplexed in a 20MHz through FDM and the layout looks awkward as shown in Figure 1 below.


Figure 1  M = 2, N = 12 for 60 kHz SCS in a 20MHz
Besides, in our view, the benefits of 60kHz SCS PRB interlace are not clear, yet with several shortcomings such as scheduling restriction, etc. In this sense, the contiguous allocation as in R15 would be sufficient.
Proposal 1:
· [bookmark: _Toc1125961][bookmark: _Toc534971761] PRB block interlace design for 60 kHz is not supported for PUSCH and PUCCH. 
· 60 kHz SCS for PUSCH and PUCCH remains optional as in NR Rel-15.
[bookmark: _Toc1970556]Interlace design for CBW > 20 MHz
In the ad hoc meeting, a WA is agreed for the interlace design for CBW > 20MHz. In this working assumption, it is stated that further studies are needed to decide whether partial interlace resource allocation (RA) is also supported. The main motivation for supporting partial interlace RA would be to schedule a small frequency resource for PUSCH transmissions. However, this is rarely the case for operations with small bandwidth. Other aspects need to be considered are the OCB limit and additional complexity/signalling overhead to support partial interlace. Moreover, RAN1 awaits a response from RAN4 on whether parts or whole of a BWP may be used for PUSCH transmission. 
Proposal 2: Discussion on aspects of interlace design for wideband carriers (> 20 MHz) can be deferred until RAN4 has provided detailed responses to the RAN1 LSs on wideband operation.
[bookmark: _Toc535588809]DFT-S-OFDM for interlaced transmissions
[bookmark: OLE_LINK3]In NR, CP-OFDM waveform is supported with non-contiguous frequency resource allocation. It can be directly reused to meet the regulatory requirement and simplified some design. For UL DFT-OFDM waveform, it has lower PAPR compared to CP-OFDM, which helps it achieve larger coverage than OFDM in power limited scenarios. However, for NR-U such small cell scenario, coverage is not the bottleneck. Besides, the PAPR reduction of DFT-S-FDM is limited due to the interlace structure. Therefore, the PAPR advantages offered by DFT-s-OFDM a reduced or disappear when interlaced transmission is introduced for PUSCH/PUCCH. Furthermore, DFT-s-OFDM introduces constraints on the interlace design, e.g., restrictions on the number of PRBs per interlace. Therefore, DFT-s-OFDM should not be supported for interlaced transmissions.
Proposal 3: Only CP-OFDM waveform is supported for interlaced PUSCH and PUCCH transmission.
 PUSCH
Multiple starting positions for scheduled PUSCH
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 candidate starting positions in one or multiple slot(s) are allowed for PUSCH scheduled by a single UL grant (i.e., not a configured grant) and one of the multiple PUSCH starting positions can be chosen depending on LBT outcome. 
Option 1 already supports certain level of flexible UL starting position within one slot. However, this option may result in more signaling overhead and HARQ processes as each min-slot PUSCH scheduling need each DCI as current specification. Besides, splitting a slot-based PUSCH into multiple mini-slot-based PUSCHs leads to underutilized resources because there will be more DMRS resources for these mini-slot-based PUSCHs.
Option 2 can solve this issue by using multi-TTI scheduling and/or multiple candidate starting positions in one or multiple slot(s) are allowed for PUSCH in one DCI, and UE can decide the transmission starting point based on CCA outcome. Therefore, channel access granularity can be enhanced. And multiple candidate symbols in one PUSCH can be configured or indicated as illustrated in Figure 2. Compared with Option 1, the DCI overhead is relatively small. Besides, for Option2, symbol #0, #1, #2, #3, #7, #10 can be considered as the PUSCH starting positions considering the DMRS position, and only one PUSCH is prepared. UE punctures the PUSCH symbols from the beginning of the slot based on the CCA outcome. gNB would detect the PUSCH through blind detection. And the symbols index of the scrambling sequence of DMRS is fixed.	


Figure 2  An example for multiple candidate starting positions in one or multiple slot(s)
Proposal 4: Multiple PUSCH starting positions in a single UL grant can be supported, such as symbol #0, #1, #2, #3, #7, #10. 
[bookmark: _Toc535588814]PUSCH resource allocation in frequency 
To support the interlaced PUSCH transmission, the method used in LAA can be a reference. And the unit of the allocation should be an interlace. For example, In Rel-14 eLAA, resource allocation for an interlaced PUSCH transmission is signalled by DCI format 4B where the resource indication value (RIV) indicates one or more full interlaces allocated for PUSCH transmission or bitmap method is used to indicate which interlace number is allocated for the PUSCH, and these two methods can be directly reused for 20MHz bandwidth. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK4]Furthermore, considering wideband UL BWP consisting of multiple LBT subbands, the interlace number and subband number can be jointly used to determine the PUSCH frequency resource in the BWP. 
Proposal 5: For PUSCH resource allocation in frequency, 
· The method in LAA can be the baseline, such as interlace bitmap and type 0 RIV scheme can be used .
· The interlace number and subband number can be jointly used to determine the PUSCH frequency resource in the BWP consisting of multiple LBT subbands.
PUCCH
[bookmark: _Toc1970562]Block Interlaced PUCCH
[bookmark: OLE_LINK8]In the last meeting, it was agreed that Rel-15 PUCCH formats PF2 and PF3 are to be supported and some enhancement should be considered. It is identified to extend PUCCH format(s) to support PRB-based frequency block-interlaced transmission. Therefore, PUCCH format PF2 and PF3 shall be extended to support PRB-based frequency block interlaced transmission. For PUCCH format 2, as it adopts CP-OFDM waveform and it can be allocated with a number of PRBs, ranging from 1 to 16. Thus, the OCB requirement can easily be fulfilled, e.g., 10RB of one interlace can be allocated achieved. For PUCCH format 3, up to 16 RBs can be allocated, therefore, the same distributed RB across one interlace can also be supported by PUCCH format 3. However, the DFT-s-OFDM waveform should be replaced with CP-OFDM to simplify the design. 
For 1 or 2 bits in the case before receiving dedicated PUCCH resource set configuration and the case of HARQ feedback only, some coding scheme should be extended to reach at least 3 bits for PUCCH format 2/3. Otherwise, padding scheme or repetition method should be introduced for PUCCH format 2/3 to support small payload. Instead, NR PUCCH format 0 and format 1 can be considered which support carrying <2bits payload. And the following two methods can be considered to meet the OCB requirement for the unlicensed carrier.
· Alt.1: same coded UCI bits are repeated over multiple clusters. 
Although this option only has small specification impact, the PAPR or CM issue should be further studied
· Alt.2: different coded UCI bits are distributed over multiple clusters. 
 Besides, the sequence design is another important factor on PUCCH performance. Two candidate design can be further evaluated, one is PRB based generated, and another is whole BW generated.
Furthermore, in 20 MHz, physical resource of one interlace is enough for a PUCCH. And instead of indicating the index PUCCH-starting-PRB, the gNB should indicate the index of the allocated interlace i. 
Proposal 6: 
· Small payloads can be supported by enhanced PF0 and/or enhanced PF1, such as interlaces allocation and sequence design for multiple RBs.
·  Peplace DFT-s-OFDM with CP-OFDM for the enhanced PF3.
[bookmark: _Toc1970563][bookmark: _Toc535588817]Multi-user multiplexing for block-interlaced PUCCH format(s)
For multi-user multiplexing for PUCCH, such as PUCCH format 2 and 3, the same scheme as NR R15 can be used through FDM/TDM. For example, in NR-U, different UEs can use different interlace number to achieve FDM for PUCCH format 2/3. Besides, TDM in a slot can also be used as different length of symbols can be supported for each PUCCH. Therefore, OCC in time or frequency is not needed for NR-U PUCCH format 2/3.
[bookmark: OLE_LINK9]For PUCCH format 0 and 1, besides FDM and TDM, cyclic shifting is supported by format 0. And for PUCCH format 1, cyclic shifts used by DMRS and OCC in time used by UCI payload can also provide high-multiplexing capacity, therefore, it can provide much UE to reach multiplexing. And no further enhancement is needed for user multiplexing.
At last, we summarize the NR-U PUCCH formats that we supported as illustrated in Table 2-1.
[bookmark: _Ref534908630]Table 2‑1 Extending NR R15 PUCCH formats to NR-U
	
	NRU-F0
	NRU-F1
	NRU-F2
	NRU-F3

	Corresponding NR R15 Format
	F0
	F1
	F2
	F3

	Structure
[bookmark: OLE_LINK10]or multiplexing method of UCI payload and DMRS
	 Sequence-based  
	TDM
	FDM
	TDM

	# of bits
	≤2
	≤2
	 >2
	>2

	# of Interlaces
	1
	1
	1
	1

	# of OFDM symbols
	1-2
	4-14
	1- 2 
	4-14

	User Multiplexing support
	FDM/TDM/CDM
	FDM/TDM/CDM
	FDM/TDM
	FDM/TDM



Proposal 7: R15 PUCCH multiplexing scheme for each format should be reused, no further enhancement is needed.
 SRS
[bookmark: IDX-CHP-8-0995][bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0996]Same as LTE, Rel-15 NR supports SRS-based frequency-selective scheduling and periodic/aperiodic SRS transmission. Rel-15 NR also supports SRS-based downlink beamforming and semi-persistent SRS transmission, which are not supported in LTE. In NR-U, aperiodic SRS should be supported similar to eLAA as aperiodic SRS can match the characteristics of opportunistic transmission in unlicensed band. Periodic SRS and semi-persistent SRS can also be considered but they may be actually sent in an irregular periodic/semi-persistent manner due to LBT.
As analyzed above, whether SRS can be successfully sent in the configured time resource depends on the results of the LBT in NR-U. Thus, in order to reduce the impact of LBT failure on SRS transmission, it was suggested in NR-U SI phase to introduce additional flexibility in configuring/triggering SRS compared to Rel-15 NR. In RAN1#96 meeting, RAN1 had agreed to support configuration of an SRS resource in additional OFDM symbol locations other than the last 6 symbols of a slot with PUSCH and SRS time division multiplexed as in Rel-15. In Rel-15 NR, an SRS resource consists of 1, 2 or 4 symbols located in the last 6 symbols within a slot. In order to balance SRS transmission opportunities and potential impacts on PUSCH transmission, we suggest the first N symbols in a slot can be configured as SRS resource, where N is a positive integer and larger than 0, preferably, N = 1, 2, or 4 as shown in Figure 3. Configuring SRS resources in the first N symbols of a slot can not only increase the opportunities of SRS transmission, but also be beneficial to share the COT initiated by the gNB. If a downlink transmission ends at the boundary of the first slot, then the UE can send a SRS at the beginning of the next slot after performing a higher priority LBT (e.g., CAT 1/2 LBT).


Figure 3 Additional OFDM symbol locations for SRS resources
Proposal 8: The first N symbols in a slot used as additional OFDM symbol locations for an SRS resource other than the last 6 symbols can be considered, wherein N =1, 2 or 4.
Rel-15 NR SRS waveform can be reused for NR-U SRS. The comb structure with comb number KTC = 2 or 4 can facilitate SRS transmission to meet the requirements of OCB/PSD by proper configuration, while enabling UE to have better power utilization. SRS can be multiplexed with PUSCH/PUCCH in a TDM manner. Block-interlaced SRS and frequency domain multiplexing of SRS with PUSCH/PUCCH are not necessary for NR-U. Interlaced SRS and frequency domain multiplexing have great impacts on the exiting specification, and they will destroy the cross-correlation properties of ZC sequence. Without accurate evaluation, it is difficult to determine whether it is really beneficial for PUSCH link adaptation.
Proposal 9: The waveform of Rel-15 NR SRS can be reused for NR-U SRS. NR-U does not need to support interlaced SRS transmission and frequency domain multiplexing of SRS with PUSCH/PUCCH.
As discussed in FL summary, aperiodic SRS resources are triggered in slot n by DCI in Rel-15 NR. A slot offset k is configured by RRC for an SRS resource set such that the resources are transmitted in slot n + k. In contrast, in LTE, more flexibility in triggering aperiodic SRS is allowed to compensate for the fact that slot n + k may not always be an UL slot. For NR-U it may be beneficial to introduce this same kind of flexibility, i.e., allowing SRS to be transmitted in the next UL after slot n + k.
Proposal 10: NR-U should introduce additional flexibility in triggering aperiodic SRS, i.e. allowing SRS to be transmitted in the next UL after slot n+k.
 Conclusion 
In this contribution, we discuss some potential solutions and techniques for NR-U UL reference signal design and physical channel design, and have the following proposals: 
Proposal 1:  
· PRB block interlace design for 60 kHz is not supported for PUSCH and PUCCH. 
· 60 kHz SCS for PUSCH and PUCCH remains optional as in NR Rel-15.
Proposal 2: Discussion on aspects of interlace design for wideband carriers (> 20 MHz) can be deferred until RAN4 has provided detailed responses to the RAN1 LSs on wideband operation.
Proposal 3: Only CP-OFDM waveform is supported for interlaced PUSCH and PUCCH transmission.

Proposal 4: Multiple PUSCH starting positions in a single UL grant can be supported, such as symbol 0,1,2,3,7,10. 
Proposal 5: For PUSCH resource allocation in frequency, 
· The method in LAA can be the baseline, such as interlace bitmap and type 0 RIV scheme can be used .
· The interlace number and subband number can be jointly used to determine the PUSCH frequency resource in the BWP consisting of multiple LBT subbands.
Proposal 6: 
· Small payloads can be supported by enhanced PF0 and/or enhanced PF1,, such as interlaces allocation and sequence design for multiple RBs.
·  Replace DFT-s-OFDM with CP-OFDM for the enhanced PF3.
Proposal 7: R15 PUCCH multiplexing scheme for each format should be reused, no further enhancement is needed.
Proposal 8: Additional OFDM symbol locations for an SRS resource within a slot except that the last 6 symbols can be considered, e.g., first N symbols for SRS resource in a slot especially for N=1or 2.
Proposal 8: The first N symbols in a slot used as additional OFDM symbol locations for an SRS resource other than the last 6 symbols can be considered, wherein N =1, 2 or 4.
Proposal 9: The waveform of Rel-15 NR SRS can be reused for NR-U SRS. NR-U does not need to support interlaced SRS transmission and frequency domain multiplexing of SRS with PUSCH/PUCCH.
Proposal 10: NR-U should introduce additional flexibility in triggering aperiodic SRS, i.e. allowing SRS to be transmitted in the next UL after slot n+k.
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