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1. Introduction
Regarding the physical UL channel design in unlicensed spectrum, some agreements were achieved in last meeting [1].
Agreement:
The working assumption from RAN1 AH1901 is converted to an agreement with the following modifications:
· For a given SCS, the following PRB-based interlace design is supported at least 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: Interlace design for PUCCH for bandwidths greater than 20 MHz
· 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 will discuss the physical UL channel design in unlicensed spectrum.
2. [bookmark: _Ref498564494]Discussion
1. 
2. 
[bookmark: _Hlk521582650] Interlace designs for 15 kHz and 30 kHz SCS
Partial interlace allocation
During the meeting of RAN1#96, it was agreed as working assumption that for bandwidths greater than 20 MHz, same spacing (M) between consecutive PRBs in an interlace for all interlaces regardless of carrier BW is supported.  Regarding partial interlace allocation, we think that it should be supported.
On one hand, for wideband operation, some sub-bands may not be available depending on LBT outcome, the PRBs in non-available sub-bands for this interlace can’t be used for transmission.
On the other hand, for NR-U operation with bandwidth larger than 20MHz (e.g., 80MHz), if guard band is identified as needed by RAN4, the PRBs in the guard band couldn’t be used if LBT succeeds in one LBT sub-band only.
In the above two cases, partial interlace needs to be used for data mapping for UL transmission.
Proposal 1: Partial interlace is supported to make wideband operation flexible.
Next, OCB requirement is discussed when the interlace design method in the above working assumption is adopted together with partial interlace. For 20MHz LBT subband, if the guard band is not larger than the minimum guard band requirements provided in Table 5.3.3-1 (e.g. 805kHz for 30kHz SCS and 452.5kHz for 15kHz SCS) in TS 38.104, at least 10PRBs per interlace could be guaranteed which could definitely meet the OCB requirements, i.e. ((N-1)*M+1)*SCS*12/20MHz=((10-1)*5+1)*30kHz*12/20MHz=82.8% for 30kHz SCS and ((10-1)*10+1)*15kHz*12/20MHz=81.9% for 15kHz SCS. Taking 30kHz SCS and 80MHz bandwidth as an example, the interlace design is illustrated in Figure 1, if the identified guard band is not larger than 805kHz that is a little more than 2 PRB bandwidth, each interlace in each subband has at least 10PRBs when the guard band PRB is not included. However, if the identified needed guard band is larger than 805 kHz, OCB requirement may not be met in certain case. For example, if the guard band is larger than 895kHz, interlace 1 in subband 3 will only have 9 PRBs left, i.e. (116, 121, …, 156). In this case, the OCB ratio is ((9-1)*5+1)*30kHz*12/20MHz=73.8% which does not meet OCB requirement.
[image: ]
[bookmark: _Ref799122][bookmark: _Ref980075]Figure 1 Illustration of interlace design example (30kHz SCS, 80MHz bandwidth, M=5)
Observation 1: Using same interlacing design could meet OCB requirement if the identified guard band requirement in RAN4 is not larger than the minimum guard band in TS 38.104; Otherwise OCB requirement may not be met and should be revisited for the identified guard band value.
Consideration for enhanced PUCCH
PUCCH resource allocation
As agreed in the last meeting, PRB-based interlace design for PUSCH and PUCCH is the same. A bandwidth occupied by a PUCCH resource does not exceed the bandwidth corresponding to a 20 MHz carrier/LBT bandwidth, thus when UE is configured with a BWP larger than 20MHz, an indication of the location of the PUCCH resource within the allocated interlace is needed. One simple way is to use the same method as that of PUSCH, that is, to indicate which LBT bandwidth a PUCCH is located in. Then UE can derive the PRB index within the allocated interlace based on in-carrier guard band which can be configured by RRC signalling. As analysed above, if the guard band is larger than 895kHz, one interlace may have only 9 PRBs, which is not expected for PUCCH and should be avoided by the configuration of gNB.
Proposal 2: When a UE is configured with a BWP larger than 20MHz, to indicate the location of a PUCCH resource, a LBT bandwidth is indicated.
Then one more leftover issue for PUCCH resource allocation is whether/how an interlaced PF2/3 resource can be configured on 2 interlaces. In NR Rel-15, for PUCCH format 2 or 3, the maximum number of allocated PRBs is 16. For interlaced resource allocation, one interlace only contains 10 or 11 PRBs for 20MHz, thus at least two interlaces should be supported to maintain the same capacity as Rel-15. That is, for interlaced PF2/3, gNB can configure the start interlace index and the number of interlaces.
In NR Rel-15, if the UE is configured with multiple PRBs for a PUCCH resource, UE will determine the actually used PRBs based on its UCI payload. Similarly, if the UE is configured with more than one interlace for a PUCCH resource, it should be supported to adapt the number of actually used interlaces based on UCI payload.
Moreover, whether/how to support MU for interlaced PF2/3 has not been decided yet. If multiple UEs can share the same PF 2/3 resource with one interlace, then whether/how to support MU for interlaced PF2/3 with more than one interlace also needs to be discussed. From our point of view, there are many aspects to consider to support MU for enhanced PF2/3, such as MU mechanism (FD-CDM, TD-CDM, etc), MU capacity, etc. Considering the limited time and specification effort, it is suggested to support enhanced PF2/3 with no user multiplexing mechanism.
Proposal 3: For interlaced PUCCH format 2/3,
· Configuration on more than one interlace is supported.
· UE determines the used number of interlaces based on UCI payload.
· No user multiplexing is supported.
Consideration for enhanced PF0/1
As agreed in the last meeting, cycling of cyclic shift have been agreed for the PAPR/CM reduction scheme for enhanced PF0/1 in NRU. In this section, we will further discuss the details for the cycling of cyclic shift scheme.
The essence of PAPR/CM reduction is to use different sequences in different PRBs of an interlace. The PAPR/CM of enhanced PF0/1 is also determined by how the sequences with different cyclic shifts are arranged and mapped in the interlace. In [2], it has been discussed that the cyclic shifts of sequences  are changed in a manner based on the following equation, where  is the cyclic shift difference between neighboring RB in an interlace, and  is the RB index in an interlace.

Taking  and  = 5 as examples, the ordering of two cyclic shifts are shown in Figure 1(a) and (b), respectively. It can be clearly observed that the cyclic shifts have different arrangement modes under these cases. 

 
Figure 2 Illustration of cycling of cyclic shift scheme with different 
It has been proposed by some companies that  can be a value which are less than 12, which means  is selected from 1, 5, 7 and 11.
To determine the optimal value of , we verified the CCDF performance of these four values by traversing all possible cycling of cyclic shifts and all root group numbers ( i.e., u∈{0,1, ... 29}). The results are shown in the following Figure 3 and Figure 4.
 [image: ]  [image: ] 
[bookmark: _Ref20837338][bookmark: _Ref20837335]Figure 3 CCDF of cubic metric for E-PF0/1 with 15 kHz SCS in interlace with 10/11 RBs
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[bookmark: _Ref20846902][bookmark: _Ref20846898]Figure 4 CCDF of cubic metric for E-PF0/1 with 30 kHz SCS in interlace with 10/11 RBs
It can be observed that
Observation 2: The cyclic shift differences with =1/5/7/11 have similar performance in terms of cubic metric. The cyclic shift difference with =5 or 7 can achieve slightly lower cubic metric compared with that of other values.
As discussed in [3], PUCCH format 0 and format 1 have the same signal characteristics and CM distribution. Therefore, the selected cyclic shift difference values can be applied to both enhanced PF0 and PF1.
Proposal 4: For NRU enhanced PF0 and PF1, the difference of cyclic shift value for the sequence mapped to neighbouring RBs in an interlace can be set as 5 or 7.
Resource allocation in frequency domain for PUSCH
Regarding resource allocation in frequency domain, two resource allocation types for PUSCH are supported in NR Rel-15, i.e., type 0 and type 1, where type 0 is a bitmap based scheme and can potentially indicate contiguous or non-contiguous RBGs, and type 1 is RIV based scheme and can only indicate contiguous RBs. In LTE eLAA, uplink resource allocation type 3 is applicable for a LAA SCell. For resource allocation type 3, resource allocation is in the unit of one interlace and both bitmap based and RIV based schemes are supported. More specifically, it depends on the bandwidth of the serving cell, or rather, the total number of interlaces. When there are 100 RBs, or 10 interlaces, 6-bit RIV is used and when there are 50 RBs or 5 interlaces, 5-bit bitmap is used. This is because RIV based scheme can benefit from DCI overhead reduction when there are 10 interlaces comparied with bitmap scheme. For the RIV based scheme,  bits are needed to indicate all combinations, where N is the number of interlaces. When N=5, 4-bit RIV is needed, then the scheduling flexibility of bitmap scheme is dominant. In NRU, as we have agreed that 10/5 interlaces are supported respectively for 15kHz SCS and 30kHz SCS, similar resource allocation scheme as that of eLAA PUSCH can be considered, that is, for 15kHz SCS, a 6-bit RIV is used to indicate the allocated contiguous interlaces, and for 30kHz, a 5-bit bitmap is used to indicate the allocated contiguous or non-contiguous interlaces.
Then, as discussed in the above section 2.1, when the UE is configured with wideband operation, partial interlace allocation should be supported. The allocated LBT subband(s) should be indicated. A bitmap depending on the configured BWP can be considered in this case. 
Proposal 5: For NRU uplink resource allocation, 
· For 15kHz SCS, Alt-2 is supported.
· 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
· For wideband operation
· The allocated LBT subband(s) is indicated
SRS design
Regarding the waveform of SRS, comb-based SRS transmission is supported to multiplex different ports of the same UE or SRS of different UEs in NR Rel-15. In NRU, it was proposed to support block interlaced (i.e., same interlace structure as that of PUCCH/PUSCH) SRS in addition to comb-based SRS. The motivation to support block interlaced SRS is to multiplex SRS and PUCCH/PUSCH in FDM manner in addition to TDM, which can improve the resources utilization in some cases. However SRS performance degradation is expected and significant changes to SRS design maybe required in order to fit into the interlace channel design. And, completely new design of SRS is not desirable.
Based on the above analyses, the following proposal is made.
Proposal 6: In NRU, performance evaluation and specification impact on SRS design should be clarified before making decision on block interlaced SRS. 
In NR R15, periodic, semi-president as well as a-periodic SRS are supported, but in NRU, due to the channel access restriction, UE has to perform LBT before its transmission, UE may be unable to access channel for periodic, semi-president SRS in many cases. A-periodic SRS is more suitable for NRU since it can be scheduled along with PUCCH/PUSCH in contiguous OFDM symbols to avoid additional LBT.
Proposal 7: NRU supports at least aperiodic SRS transmission and the support of periodic or semi-persistent SRS transmission needs further study.
It has been agreed that SRS in NRU can be configured on any symbol within a slot, and NR SRS resource can be configured to span 1, 2 or 4 symbols. To support SRS transmission with antenna switching, certain guard time is necessary between consecutive SRS transmissions. In NR Rel-15, there is at least 1 symbol guard time between two SRS transmission with antenna switching depending on SCS, however, in reality a guard time of ~10 microseconds is sufficient for SRS antenna switching. For SRS antenna switching, gNB configures two SRS resources either with 1 port each or 2 ports each, for example in Figure 5 below where 2 SRS resources are configured each with 1 port and each spanning 2 symbols to support 1T2R SRS antenna switching. In NRU, since LBT gap is necessary between two consecutive SRS transmissions, a gap can be created within SRS resource, e.g., in Figure 5 LBT gap is created at the end of the second symbol of the first SRS resource. 
Proposal 8: For SRS transmission with antenna switching in NRU, LBT gap is created within SRS resource.
SRS resource 1
SRS resource 2
Gap















[bookmark: _Ref16840155]Figure 5 SRS resources for antenna switching
Furthermore, it has been agreed in RAN1#96 that SRS resource can be configured on any symbol within the slot, i.e. startPosition of resourceMapping of SRS-Config for Rel-16 to have a value range 0..13. Within a slot where SRS resource(s) is configured there may also be scheduled or configured with PUSCH on overlapping symbol(s). When SRS and PUSCH/PUCCH happen to collide on same symbol(s) in a slot, prioritization rule (or dropping rule) shall be defined.
Proposal 9: Define prioritization rule when SRS and PUSCH/PUCCH resources collide on same symbol(s) in a slot. 
3. Conclusion
In this contribution, we make discussions on the design of physical UL channel design in unlicensed spectrum, and have the following observations and proposals.
Observation 1: Using same interlacing design could meet OCB requirement if the identified guard band requirement in RAN4 is not larger than the minimum guard band in TS 38.104; Otherwise OCB requirement may not be met and should be revisited for the identified guard band value.
Observation 2: The cyclic shift differences with =1/5/7/11 have similar performance in terms of cubic metric. The cyclic shift difference with =5 or 7 can achieve slightly lower cubic metric compared with that of other values.
Proposal 1: Partial interlace is supported to make wideband operation flexible.
Proposal 2: When a UE is configured with a BWP larger than 20MHz, to indicate the location of a PUCCH resource, a LBT bandwidth is indicated.
Proposal 3: For Interlaced PUCCH format 2/3,
· Configuration on more than one interlace is supported.
· UE determines the used number of interlaces based on UCI payload.
· No user multiplexing is supported.
Proposal 4: For NRU enhanced PF0 and PF1, the difference of cyclic shift value for the sequence mapped to neighbouring RBs in an interlace can be set as 5 or 7.
Proposal 5: For NRU uplink resource allocation, 
· For 15kHz SCS, Alt-2 is supported.
· 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
· [bookmark: _GoBack]For wideband operation
· The allocated LBT subband(s) is indicated
Proposal 6: In NRU, performance evaluation and specification impact on SRS design should be clarified before making decision on block interlaced SRS. 
Proposal 7: NRU supports at least aperiodic SRS transmission and the support of periodic or semi-persistent SRS transmission needs further study.
Proposal 8: For SRS transmission with antenna switching in NRU, LBT gap is created within SRS resource.
Proposal 9: Define prioritization rule when SRS and PUSCH/PUCCH resources collide on same symbol(s) in a slot. 
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