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 Introduction	
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK1][bookmark: OLE_LINK2] In RAN1 #98 meeting[1], the following agreements were reached on UL signals and channels design for NR-U.
Agreement:
The working assumption from RAN1 AH1901 is converted to an agreement with the following modifications:
· [bookmark: _GoBack]For a given SCS, the following PRB-based interlace design is supported for PUSCH and PUCCH:
· 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: Whether and how partial interlace allocation is supported considering mechanisms specific to PUSCH and PUCCH
· FFS: PUCCH bandwidth
· FFS: Whether or how an interlace design for PUSCH and/or PUCCH is supported on 10 MHz according to the revised WID objective 
Agreement:
Alt-1a (Cycling of cyclic shifts across PRBs of the interlace) is selected from the four alternatives in the RAN1#97 agreement on enhanced Rel-15 PUCCH formats PF0 and PF1 
· FFS: Cyclic shift ordering
Note: from vivo perspective, the spec-transparent scheme performs similar to the above agreed solution (which has RAN1 spec impact)
Agreement:
A bandwidth occupied by a PUCCH resource does not exceed the bandwidth corresponding to a 20 MHz carrier/LBT bandwidth
Agreement:
· For interlaced PUSCH transmission in a BWP, X bits of the PUSCH frequency domain resource allocation field are used for indicating which combination of M interlaces is allocated to the UE.
· This applies to PUSCH of the following types:
· Msg3 PUSCH
· PUSCH Scheduled by fallback and non-fallback DCI
· Type 1 and Type 2 Configured Grant PUSCH
· For 30 kHz SCS
· Support X = 5 (5-bit bitmap to indicate all possible interlace combinations)
· For 15 kHz SCS
· Down-select between the following two alternatives:
· Alt-1: Support X = 10 (10-bit bitmap to indicate all possible interlace combinations)
· Alt-2: Support X = 6 bits to indicate start interlace index and number of contiguous interlace indices (RIV) and using remaining up to 9 RIV values to indicate specific pre-defined interlace combinations
Conclusion:
For 10 MHz carrier bandwidth, enhancements to Rel-15 UL signals and channels are not necessary. 
Agreement:
A PUCCH resource configured with interleaved mapping occupies consecutive PRBs within at least one interlace within a BWP. The PUCCH resource configuration includes the following:
· An indication of the allocated interlace
· An indication of the location of the PUCCH resource within the allocated interlace
· Note: This may not be needed for a bandwidth part of 20 MHz or less
· The number of PRBs NPUCCH within the allocated interlace given by the following:
· For Interlaced PF0/1/2:
· NPUCCH = 10 or 11 depending on the allocated interlace
· For Interlaced PF3:
· NPUCCH = 10
· FFS: Whether/how an interlaced PF2/3 resource can be configured on 2 interlaces to increase the number of allocated PRBs to 20, 21, or 22 depending on the allocated interlaces
· FFS: Whether or not the BWP can be configured such that NPUCCH is less than 10 or 11
· FFS: Potential impact due to in-carrier guard bands
· Note: The UE is not expected to be configured with PUCCH transmissions spanning multiple LBT bandwidths
In this contribution, we discuss the remaining open issues of UL channel and UL signals.
 Potential UL physical channels and reference signals design
[bookmark: _Toc535588807]UL Interlace Design
[bookmark: _Toc1970555] PRB interlace design for 60 kHz SCS in 20 MHz
In the previous meeting, some companies have proposed an interlace design of 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% which is less than the 80% OCB requirement. For  M = 2, N = 12, only two UEs can be multiplexed in a 20MHz via FDM and the layout looks awkward as shown in Figure 1.


Figure 1 M = 2, N = 12 for 60 kHz SCS in a 20MHz
Besides, in our view, the benefits of 60 kHz SCS PRB interlace are not clear, yet with several shortcomings such as scheduling restriction, etc. In this sense, the contiguous allocation as in Rel-15 would be sufficient.
[bookmark: _Toc1125961][bookmark: _Toc534971761]Proposal 1: PRB block interlace design for 60 kHz is not supported for PUSCH and PUCCH. 
 Partial Interlace 
[bookmark: _Ref3916263][bookmark: _Ref3916256]It has confirmed the WA that same spacing (M) between consecutive PRBs in an interlace for all interlaces regardless of carrier BW. When a UE is configured with wideband BWP, such as 40MHz or 80MHz, there is a situation that some sub-bands may not be available depending on LBT outcome,  and the PRBs in non-available sub-bands for this interlace can’t be used for transmission. Besides, it may also happen that gNB schedule PUSCH of different UEs in the same interlace on different LBT bandwidth. We refer to these cases as partial interlace allocation and transmission. And we can see by assigning partial interlace in this way, the UE multiplexing capacity by FDM can be improved and it is beneficial for improving the spectrum efficiency. Therefore, partial interlace allocation and transmission based on  sub-bands can be supported. 
In order to support partial interlace allocation for PUSCH transmission, gNB can indicate the allocated interlace(s) and sub-band(s) in the frequency domain resource assignment domain. And for the interlace(s) allocation, the detailed discussion can be seen in 2.2.2 section, and the same method can be used for sub-band(s) allocation. With the help of the allocated interlace(s) and sub-band(s) information, UE could determine the partial interlace allocations and know which PRB(s) in the allocated interlace(s) are scheduled. Besides, for the case of UE occupying partial RB(s) of one interlace in a BWP or sub-band, gNB can give the starting PRB index or the offset value of the first PRB of the BWP and the PRB number indication. And through this method,  partial interlace allocation can also be reached.
For PUCCH, it has reached the agreement that a bandwidth occupied by a PUCCH resource does not exceed the bandwidth corresponding to a 20 MHz carrier/LBT bandwidth. And exploiting the partial interlace, gNB can allocate different sub-bands of the same interlace index to different UEs for FDM multiplexing. Therefore, partial interlace allocation should also be supported for PUCCH. And the allocation method as PUSCH can be reused.
Figure 2 shows an example of a carrier consisting of 4 sub-bands. And UE1 is allocated in sub-band 1 for PUSCH/PUCCH transmission in interlace #1. And UE2 is allocated in sub-band 2 and 3 for PUSCH transmission in the same interlace #1. And UE3 is allocated in sub-band 4 for PUSCH/PUCCH transmission in the same interlace #1. And within the assigned sub-band, a UE uses all the PRBs of this interlace. With this partial interlace allocation and transmission method,  interlace #1 can be used by different UEs. 


Figure 2. Example of partial interlace allocation for different UEs
Proposal 2: Partial interlace allocation should be supported.
Proposal 3: In order to support partial interlace for PUSCH/PUCCH transmission, below two methods can be considered:
· Alt 1:Indicating allocated interlace(s) and sub-band(s) in the frequency domain resource assignment  scheme 
· Alt 2: Indicating allocated interlace(s) and the starting PRB index or the offset value of the first PRB of the BWP and the PRB number.
1.1.1. [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 directly be reused to meet the regulatory requirement and simplifies some design. For DFT-s-OFDM waveform, it has lower PAPR comparing to CP-OFDM, which will help to achieve larger coverage than CP-OFDM in power limited scenarios. However, NR-U mainly targets for the small cell scenario, coverage may not be a critical issue. Besides, the PAPR reduction of DFT-s-FDM is limited due to the interlace structure. Therefore, the PAPR advantages offered by DFT-s-OFDM would be reduced or even disappear when interlaced transmission is introduced for PUSCH. Furthermore, DFT-s-OFDM introduces some 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 4: Only CP-OFDM waveform is supported for interlaced PUSCH transmission.
 PUSCH
Multiple starting positions for scheduled PUSCH
The following options have been identified as possible candidates 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 if each mini-slot PUSCH scheduling needs a DCI as current specification. Besides, splitting a slot-based PUSCH into multiple mini-slot-based PUSCHs will result in low resource utilization because there will be more DMRS resources for these mini-slot-based PUSCHs and more HARQ processes.
Option 2 can solve the above 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 opportunities can be enhanced. Further, multiple candidate starting positions in one slot can be configured or indicated as illustrated in Figure 3. Comparing with Option 1, the DCI overhead is relatively small. Besides, for Option 2, symbol #0, #1, #2, #3, #7, #10 can be considered as the PUSCH starting positions considering the DMRS position. Wherein, the UE only needs to prepare one PUSCH and punctures the PUSCH symbols from the beginning of the slot based on the CCA outcome. gNB would detect the PUSCH by blind detection. The symbol index of the scrambling sequence of DMRS is fixed.	

[bookmark: OLE_LINK9]
Figure 3 An example for multiple candidate starting positions in one or multiple slot(s)
Proposal 5: Multiple candidate PUSCH starting positions in a single UL grant can be supported in one slot, such as symbol #0, #1, #2, #3, #7, #10. 
[bookmark: _Toc535588814]PUSCH resource allocation in frequency domain 
In RAN1 #98 meeting, the working assumption “For 15 kHz SCS, M = 10 interlaces and for 30 kHz SCS, M = 5 interlaces for all bandwidths” in #AH1901 was confirmed. Thus the number of interlaces for all bandwidths is at most 10. For Alt-1, 10 bits are enough to indicate all possible interlace combinations. For Alt-2, which is similar to uplink resource allocation type 3 in LTE eLAA, but for the predefined interlace combinations, there are mainly two different schemes. Some sources proposed a new interlace combinations, and other sources proposed to use the same  predefined interlace combinations as in LTE eLAA. In our understanding, the predefined interlace combinations can also be spec-transparent by using bitmap scheme. Moreover, the types of resource allocation are consistent for 30kHz SCS and 15kHz SCS.
Considering there are 4 bits can be saved for Alt-2, and the unused RIVs can be used to indicate some predefined interlace combinations. From this perspective, Alt-2 with the same interlace combinations as in LTE eLAA can be supported. 
To sum up, we prefer Alt-2 with the same interlace combinations as in LTE eLAA. And if the agreement about the predefined interlace combination can’t be reached, we suggest Alt-1 can be supported.
[bookmark: OLE_LINK8]Proposal 6: For PUSCH resource allocation in frequency domain, the scheme of Alt-2 with the same interlace combinations as in LTE eLAA should be supported. 
PUCCH
Alt-1a for Enhancement of Rel-15 PUCCH formats PF0 and PF1 
In RAN1 #98 meeting, for the enhancement of PUCCH format 0 and PUCCH format 1, Alt-1a:Cycling of cyclic shifts across PRBs was supported. And the Cyclic shift ordering is FFS. In this section, we discuss the order of the cyclic shifts for each PRB in one interlace.
Considering the interlace structure, there are 10/11PRBs in one interlace, at least 10 or 11 cyclic shifts need to be determined. And the added cyclic shifts for each PRB should be chosen carefully, or the CM/PAPR will be too high. In our contribution[2] in RAN1 #98 meeting, for Alt-1a, we provide the optimum cyclic shift combinations for each base sequence in a table. In order to reduce the specification complexity, we can select one cyclic shift combinations from the optimum cyclic shift combinations for all the 30 base sequences. Here,“optimum” denotes each base sequence using their own optimum cyclic shifts combinations. 
Besides, it is mentioned in the contribution of other company at the last meeting that for PF0 combining the order of the cyclic shifts with SR to increase the user multiplexing capability. The essence of this scheme is using a long sequence with different combinations and permutations of cyclic shifts, but some cyclic shifts are the same for same PRBs. Although the CM of this scheme is acceptable, the sequences for different sates of HARQ and SR are not orthogonal. And the cross correlation coefficient is high. Therefore, its the detection performance is not clear, and the MCL may be lower. Furthermore, the specification complexity of introducing SR to the cyclic shift and PRB index is increased comparing with the method of only adding PRB index to the cyclic shift for each PRB of one interlace.
Based on the analysis above, the method of only adding PRB index to the cyclic shift for each PRB of one interlace should be supported. Further, for the order of the cyclic shifts, we also provide a simulation result on the CM values for different cyclic shifts order and/or step sizes in Figure 4, wherein, default step size is 1 for descending and ascending. It can be seen in Figure 4 that the CM values of different methods are close, and the largest distinction is about 0.5dB. For “optimum”, the complexity is a little high. The order of ascending (the yellow curve) and descending (the orange curve) are almost the same. Considering the performance and specification complexity, the order of descending and ascending can be considered.

Figure 4. CM for different cyclic shifts order
Proposal 7: For cycling of cyclic shifts across PRBs of one interlace, the order of descending or ascending can be considered considering the performance and specification complexity.
PUCCH bandwidth and structure
It was agreed in RAN1 #98 meeting that “ A bandwidth occupied by a PUCCH resource does not exceed the bandwidth corresponding to a 20 MHz carrier/LBT bandwidth”, And there is a conclusion in RAN1 #98 meeting, i.e. “For 10 MHz carrier bandwidth, enhancements to Rel-15 UL signals and channels are not necessary”. For the PUCCH bandwidth and structure, there are still some suspending issues for PUCCH bandwidth and structure, we list them in the following:
· FFS: PUCCH bandwidth
· FFS: Whether/how an interlaced PF2/3 resource can be configured on 2 interlaces to increase the number of allocated PRBs to 20, 21, or 22 depending on the allocated interlaces
· FFS: Whether or not the BWP can be configured such that NPUCCH is less than 10 or 11 
Taking the agreements and conclusion in RAN1 #98 meeting into consideration, the bandwidth of PUCCH should not exceed 20MHz corresponding to the LBT BW, and for 10MHz carrier bandwidth, there is no point to enhance. 
Observation 1:  The bandwidth of PUCCH should not exceed 20 MHz and there’s no any point to enhance for 10MHz carrier bandwidth.
In Rel-15 NR, the maximum number of PRB for PF2 and PF3 is 16. According to the agreement in NR-U, there are 10 or 11 PRBs in one interlace. If the granularity of resource allocation is an interlace, the PRBs allocated for PF2/PF3 will be 10/11 PRBs in one interlace, and 20, 21 or 22 PRBs for two interlaces. And if the number of desired PRBs for PF2/PF3 are more than 10/11 PRBs, the number of allocated interlace should be increased to 2, then the number of PRBs are 20, 21 or 22.  If not, the code rate will be high and the decoding performance will be decreased. So 2 interlaces can be configured for PF2/PF3. But if all of the 20, 21 or 22 PRBs are allocated to PF2/3, the number of desired PRBs is 15, then 5, 6 or 7 PRBs are redundant. Further, based on the discussion on partial interlace in Section 2.1.2, if the partial interlace structure can be supported, the redundant PRBs in one of the 2 allocated interlaces can be allocated to another UE if the requirement of OCB  can be met.
Similarly, if the partial interlace structure was supported for PUCCH format 2/3, then the BWP can be configured such that NPUCCH is less than 10 or 11.
Proposal 8: If the number of desired PRBs for PF2/PF3 are more than 10/11 PRBs, the number of allocated interlace should be increased to 2.
Proposal 9: If the partial interlace structure was supported for PUCCH format 2/3, then the BWP can be configured such that NPUCCH is less than 10 or 11.
 SRS
[bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0995][bookmark: IDX-CHP-8-0993]Similar to 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. In NR-U, aperiodic SRS should be supported similar to eLAA, since aperiodic SRS can match the characteristics of opportunistic transmission in unlicensed band. Periodic SRS and semi-persistent SRS can also be considered. However, they may be actually sent in an irregular periodic/semi-persistent manner due to the unpredictable outcome of LBT.
The SRS waveform in NR Rel-15 can be reused in NR-U . 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 better utilize the power. 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 in 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 10: 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 described in FL summary [3], aperiodic SRS resources are triggered in slot n by DCI in NR Rel-15 . 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.
[bookmark: OLE_LINK7]Proposal 11: 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 the observation and proposals are as follows: 
Proposal 1: PRB block interlace design for 60 kHz is not supported for PUSCH and PUCCH. 
Proposal 2: Partial interlace allocation should be supported.
Proposal 3: In order to support partial interlace for PUSCH/PUCCH transmission, below two methods can be considered:
· Alt 1:Indicating allocated interlace(s) and sub-band(s) in the frequency domain resource assignment  scheme 
· Alt 2: Indicating allocated interlace(s) and the starting PRB index or the offset value of the first PRB of the BWP and the PRB number.
Proposal 4: Only CP-OFDM waveform is supported for interlaced PUSCH transmission.
Proposal 5: Multiple candidate PUSCH starting positions in a single UL grant can be supported in one slot, such as symbol #0, #1, #2, #3, #7, #10. 
Proposal 6: For PUSCH resource allocation in frequency domain, the scheme of  Alt-2 with the same interlace combinations as in LTE eLAA should be supported. 
Proposal 7: For cycling of cyclic shifts across PRBs of one interlace, the order of descending or ascending can be considered considering the performance and specification complexity.
Observation 1: The bandwidth of PUCCH should not exceed 20 MHz and there’s no any point to enhance for 10MHz carrier bandwidth.
Proposal 8: If the number of desired PRBs for PF2/PF3 are more than 10/11 PRBs, the number of allocated interlace should be increased to 2.
Proposal 9: If the partial interlace structure was supported for PUCCH format 2/3, then the BWP can be configured such that NPUCCH is less than 10 or 11.
Proposal 10: 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 11: 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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