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1. Introduction
Regarding the physical UL channel design in unlicensed spectrum, some agreements were achieved in last meeting [1].
Agreement:
Update the RRC parameter InterlaceAllocation-r16 (defined for a dedicated PUCCH resource) with the following:
· Index of 1st interlace
· Indication of the 2nd interlace index (if 2nd interlace is configured)
· FFS: How the indication is achieved
· Indication of the LBT bandwidth location in which the PUCCH resource is configured

Agreement:
For PUCCH Formats 2 and 3 configured with interlace mapping, the number of configured interlaces is 1 or 2
· For Interlaced PF3:
· NPUCCH = 10 if one interlaced is configured (as previously agreed)
· NPUCCH = 20 if two interlaces are configured
· UE should use either one full interlace or two full interlaces according to configured maximum code rate and actual UCI payload size (subject to FFS below on the case of a BWP possible less than full carrier BW)
· FFS: In case one interlace is used, which interlace is used
· FFS: If two interlaces are configured, whether or not there are configuration restrictions on the spacing between the two interlaces
· FFS: For a 20 MHz carrier bandwidth, whether a BWP can be configured to be less than the carrier bandwidth. 
· If allowed, NPUCCH can be less than 10 (for 1 interlace) or can be less than 20 (for 2 interlaces)
· Note: This agreement refers to configured interlaces, not actually used interlaces. 
· Note: User multiplexing is to be further discussed. This agreement does not imply that user multiplexing is supported or not supported.

Agreement:
· For PUCCH formats 0 and 1 configured with an interlace mapping, the formula for cyclic shift hopping in Section 6.3.2.2.2 of 38.211 is given by



where  indexes consecutive PRBs within an interlace starting with the lowest indexed PRB of the PUCCH resource within the BWP. N is the number of PRBs in an interlace (10 or 11).
· FFS: The step size  is down-selected to one value amongst {1,5,7,11}
· The decision on which value to select is based on minimizing the 95th percentile CM
· FFS: For PF0, whether or not the above formula  includes an additional term  in order to increase user multiplexing from 1 to 3 in case of 2-bit ACK/NACK + SR (SR = 1 for positive SR and 0 for negative SR)
· FFS: In order to increase user multiplexing capacity for PF0, PF1, introduction of *(i+i0) into the formula instead of *i  where i+i0 is modulo N, and i0 is configurable in the range {0, 1, …, N-1}.
· This mechanism may create collisions when the user multiplexing capacity is increased (i0 is not 0)

Agreement:
· Support configurability between interlace and contiguous (Rel-15) mappings for cell-specific PF0/1 resources, i.e., PUCCH resources configured prior to dedicated configuration
· If interlace mapping is configured, the UE assumes there is no frequency hopping
· RAN2 to decide how broadcast signaling (SIB1) is modified to support this configurability
· Enhancements of Rel-15 PF0/1 when interlacing is not used will not be considered as part of the NR-U work in Rel-16


Agreement:
· Support configurability between interlace and contiguous (Rel-15) mappings for cell-specific PUSCH (e.g., msg3), i.e., PUSCH transmitted prior to dedicated configuration
· If interlace mapping is configured, the UE assumes there is no frequency hopping
· RAN2 to decide how broadcast signaling (SIB1) is modified to support this
· Cell specific PUSCH and PUCCH can only be configured to both have interlaced mapping or to both have non-interlaced mapping
· FFS: The UE does not expect the configuration of interlaced or contiguous mapping of PUSCH/PUCCH to be different before and after dedicated RRC configuration

Agreement:
Support an RRC parameter to configure a UE with either interlace or contiguous (Rel-15) mappings for dedicated PUCCH resources, i.e., PUCCH resources configured by dedicated signalling
· If interlace mapping is configured, frequency hopping is not configured
· FFS: The UE does not expect configuration of interlace or contiguous mapping for different PUCCH resources to be different

Agreement:
For PUSCH transmissions after dedicated configuration, support an RRC parameter to enable configurability between interlace resource allocation and Rel-15 (Type 0/1) resource allocation
· If interlace mapping is configured, frequency hopping is not configured
· FFS: Whether this RRC configuration applies to fallback DCI
· FFS: Whether/how dynamic (non-fallback DCI based) switching is supported between interlaced resource allocation and Rel-15 RA (Type0/1) resource allocation 
· FFS: The UE does not expect configuration of interlace or contiguous mapping for different PUSCH transmissions to be different

Agreement:
· Support a user-multiplexing mechanism for both UCI and reference symbols for interlaced PF3 when one interlace is configured as follows:
· User multiplexing for the UCI is based on the application of pre-DFT OCC with
· Alt. 1: Block-wise repetition in time domain followed by mapping over whole interlace in frequency (analogous to (Rel-15) PF4)
· Alt. 2: Symbol-wise repetition in time domain followed by mapping over whole interlace in frequency
· User multiplexing for the reference symbols is based on the use of different cyclic shifts of the same base sequence for all multiplexed users. The base sequence is a Z-C sequence (as for legacy Rel-15 PF3) mapped to the PRBs of the interlace
· Length of ZC sequence = number of tones in the interlace
· FFS: Mapping between OCC index applied on UCI symbols and cyclic shift applied to DMRS symbols
· Support 1, 2, and 4 users for all PF3 durations (4 – 14 OFDM symbols)
· Support an RRC parameter for indicating OCC configuration for interlaced PF3
· If two interlaces are configured, user multiplexing is not supported for interlaced PF3

Agreement:
· Support a user-multiplexing mechanism for both UCI and reference symbols for interlaced PF2 when one interlace is configured as follows:
· User multiplexing is based on OCCs applied in at least the frequency domain to the UCI and reference signal REs separately
· User multiplexing for the UCI is based on RE-wise repetition within a PRB
· Support only frequency domain OCC lengths of 1, 2 and 4 to multiplex users on both 1-symbol and 2-symbol PF2
· Consider the following for controlling CM/PAPR. If supported, select from the following alternatives using CM and MCL as criteria
· OCC cycling across PRBs of an interlace
· Scrambling
· No CM/PAPR controlling mechanism
· Support an RRC parameter for indicating OCC configuration for interlaced PF2
· If two interlaces are configured, user multiplexing is not supported for interlaced PF2


Agreement:
· Allow configured UL (CUL) transmissions in a set of symbols of a slot when the UE is configured with DCI 2_0 format monitoring and does not detect a DCI 2_0 format providing a slot format for the set of symbols. This is applicable when operating with LBE for the following cases.
· When the set of symbols are indicated as ‘F’ with a semi-static TDD pattern or 
· When the UE is not configured with a semi-static TDD pattern
· Note: Configured UL (CUL) transmissions are UL signals/channels configured by higher layers:
· PUCCH
· Configured Grant PUSCH
· Periodic SRS, [semi-persistent SRS]
· Unclear if semi-persistent SRS covered by the current Rel-15 behaviour
· [PRACH]
· Unclear if PRACH covered by the current Rel-15 behaviour
· FFS: How to allow the CUL transmissions as per the above

In this contribution, we will discuss the remaining issues about 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.
[bookmark: _Ref23783610]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, for PUCCH Formats 2 and 3 configured with interlace mapping, the number of configured interlaces is 1 or 2, one FFS is how to indicate the 2nd interlace, i.e., by the number of interlaces or index of the 2nd interlace. Different from NR Rel-15 where PUCCH format 2 and 3 can only be configured with contiguous PRBs, interlaced PUCCH format 2 and 3 can be configured with non-contiguous interlaces. Thus considering the flexibility of resource allocation, it can be up to the gNB to configure two interlaces in contiguous or non-contiguous manner. That is, the 2nd interlace is indicated by the interlace index.
For interlaced PUCCH Formats 2 and 3, when a PUCCH resource is configured with 2 interlaces, the UE should use either one full interlace or two full interlaces according to configured maximum code rate and actual UCI payload size. One leftover issue is in case one interlace is used, which interlace is used. In NR Rel-15, when UE determines the number of PRBs used for UCI transmission, PRBs with the lowest indices are used. For interlaced PUCCH format 2, one interlace can have 10 or 11 PRBs, but for interlaced PUCCH format 3, one interlace always has 10 PRBs. Thus at least for interlaced PUCCH format 3, there is no difference between the 1st and 2nd interlace. To simply specification and UE implementation, a unified solution for PUCCH format 2 and 3 is preferred. In addition, for interlaced PUCCH format 2, it can be up to gNB to configure the 1st interlace with 11 PRBs to increase the resource utilization efficiency in some cases. Thus, it is proposed to use the 1st interlace once one interlace is used. 
[bookmark: _Ref23783624]Proposal 2: For PUCCH format 2 and 3 configured with interlace mapping,
· The 2nd interlace is indicated by the interlace index.
· In case of one interlace is used, the 1st interlace is used.
One more issue about PUCCH resource allocation is that for a 20 MHz carrier bandwidth, whether a BWP can be configured to be less than the carrier bandwidth. In our view, when a carrier with bandwidth of 20MHz, a BWP can be configured with less than 20MHz following the BWP configuration mechanism in NR Rel-15. Then for PUCCH configuration, interlaced PUCCH is not supported once the BWP bandwidth is less than 20MHz.
[bookmark: _Ref23783634]Proposal 3: For a 20 MHz carrier bandwidth, a BWP can be configured to be less than 20MHz.
· PUCCH with interlace mapping is not supported once the BWP is configured with less than 20MHz.
Consideration for enhanced PF0/1
As agreed in the last meeting,  indexes of consecutive PRBs within an interlace and step size  have been introduced into the formulation of shift hopping, while the specific step size value and constitution with/without SR are still FFS. In this section, we will further discuss the details of these two issues.
In the RAN1 #98 meeting, cycling of cyclic shift have been agreed for the PAPR/CM reduction scheme for enhanced PF0/1 in NRU. 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 step size of cyclic shift 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 2 (a) and (b), respectively. It can be clearly observed that the cyclic shifts have different arrangement modes under these cases. 

 
[bookmark: _Ref24133203]Figure 2 Illustration of cycling of cyclic shift scheme with different 
It has been agreed in the last meeting that the step size is down-selected to one value amongst {1,5,7,11}. 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 detail 95th CM values are shown in the following figures of Figure 3 and Figure 4 and tables of Table 1 and Table 2.
[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  
[image: ]   [image: ]
[bookmark: _Ref20846902][bookmark: _Ref20846898]Figure 4 CCDF of cubic metric for E-PF0/1 with 30 kHz SCS in interlace with 10/11 RBs

Table 1 95th cubic metric value for E-PF0/1 with 15 kHz SCS in interlace with 10/11 RBs 
	scheme
	15kSCS

	
	10RB interlace
	11RB interlace

	cycling cyclic shift
	1
	5
	7
	11
	1
	5
	7
	11

	CM/dB
	1.544
	1.498
	1.502
	1.526
	1.408
	1.317
	1.316
	1.412



Table 2 95th cubic metric value for E-PF0/1 with 30 kHz SCS in interlace with 10/11 RBs 
	scheme
	30kSCS

	
	10RB interlace
	11RB interlace

	cycling cyclic shift
	1
	5
	7
	11
	1
	5
	7
	11

	CM/dB
	1.534
	1.506
	1.501
	1.538
	1.414
	1.314
	1.332
	1.422



Observation 2: The step size with =1/5/7/11 have similar performance in terms of cubic metric. The step size 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 step size values can be applied to both enhanced PF0 and PF1.
[bookmark: _Ref23783640]Proposal 4: For NRU enhanced PF0 and PF1, the step size of cyclic shift for the sequence mapped to neighbouring RBs within an interlace can be set as 5 or 7.
[bookmark: OLE_LINK1]In the RAN1 #98b meeting, it is still being discussed whether or not the formula  includes an additional term  in order to increase user multiplexing from 1 to 3 in case of 2-bit ACK/NACK and SR (SR = 1 for positive SR and 0 for negative SR) for PF0. In [4], it is introduced that this scheme is capable to enhance user multiplex capability without using time domain OCC, especially for the case of HARQ with SR. The initial cyclic shift is formulated by  where b0 and b1 are HARQ bits and c0 is an RRC-configured parameter, and cycling cyclic shift is determined by i*(1+6*SR), where i is the index of PRB within an interlace. However, this scheme means there will be only half of PF0 PRBs within an interlace for HARQ or SR, respectively, as shown in Figure 5, resulting in a degradation of detection performance. BER and MCL performance comparisons are given respectively in Figure 6 and Table 3, where 1.5dB performance loss can be observed for if 6*SR are included in cyclic shifts.

Figure 5 Comparison of generation and detection scheme of PF0

  [image: ][image: ]

Figure 6 Performance comparison between cyclic shifts with and without 6*SR

Table 3 MCL value comparison between cyclic shifts with and without 6*SR
	Scheme
	cyclic shift with 6*SR
	cyclic shift without 6*SR

	
	
	

	bits
	1
	2
	1
	2

	SCS(kHz)
	30
	30
	30
	30

	N_RB
	10
	10
	10
	10

	multiplexed user
	1
	1
	1
	1

	Noise level, Np (dBm)
	-103.44
	-103.44
	-103.44
	-103.44

	SNR (dB)
	-4.32
	-4
	-5.96
	-5.589

	Cubic Metric
	1.534
	1.534
	1.534
	1.534

	P_max (dBm)
	20
	20
	20
	20

	Backoff (dB)
	1.534
	1.534
	1.534
	1.534

	P_TX (dBm)
	20
	20
	20
	20

	MCL (dB)
	127.76
	127.44
	129.4
	129.03



Observation 3: Performance of cyclic shift cycling with step size without 6*SR has about 1.5 dB gain against the step size with 6*SR.
[bookmark: _GoBack]Proposal 5: For NRU enhanced PF0/1, the formula Δ including an additional term 6*SR should not be supported.
Resource allocation in frequency domain for PUSCH
Regarding resource allocation in frequency domain, it was agreed in the meeting of RAN1#98 that 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, and for 30 kHz SCS, 5-bit bitmap is supported 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
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, .i.e., 10 interlaces, 6-bit RIV is used and when there are 50 RBs, i.e., 5 interlaces, 5-bit bitmap is used. This is because RIV based scheme can benefit from DCI overhead reduction when there are 10 interlaces compared 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 bidwidth(s) should be indicated. Per the agreements in the last meeting in the wideband operation section, though a UE is not expected to receive resource allocation in discontiguous BLT bandwidths, this does not preclude such resource allocation in discontiguous LBT bandwidths being supported by specifications. Thus a bitmap with a bit-width depending on the configured BWP bandwidth can be considered to indicate the allocated LBT bandwidth(s). 
	Agreement: [1]
· For UL transmissions in a serving cell with carrier bandwidth greater than the LBT bandwidth, for the case where UE performs CCA before UL transmission, UE transmits on the UL only if CCA is successful at UE in all LBT bandwidths that overlap with the resource allocation for the UL transmission
· The UE is not expected to receive resource allocations in discontiguous LBT bandwidths within a wideband carrier
· This does not preclude such resource allocation in discontiguous LBT bandwidths being supported by specifications managed by RAN1 in Rel-16.



[bookmark: _Ref23783649]Proposal 6: 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
· A bitmap is used to indicate the allocated LBT bandwidth (s) 
On whether/how dynamic (non-fallback DCI based) switching is supported between interlaced resource allocation and Rel-15 RA (Type0/1) resource allocation. In our view, there is no need to dynamically switch between interlaced resource allocation and Rel-15 RA (Type0/1) resource allocation. Semi-static configuration is sufficient.
One more open issue of resource allocation is about fallback DCI. In NR Rel-15, only type 1 is supported for fallback DCI. For a UE operated in unlicensed spectrum, for PUSCH scheduled by fallback, some options are observed as follows:
· Option 1: same as NR Rel-15, i.e., only resource allocation type 1 is supported regardless of RRC configuration. 
· Option 2: the dedicated RRC parameter to enable configurability between interlace resource allocation and Rel-15 (Type 1) resource allocation applies to fallback DCI.
· Option 3: same as cell-specific PUSCH, i.e., indicated by SIB
· Option 4: dependent on the monitoring search space of fallback DCI and configurations
· for fallback DCI in CSS, same as cell-specific PUSCH, i.e., indicated by SIB
· for fallback DCI in USS, following the dedicated RRC parameter configuration to enable interlaced resource allocation or type 1
For option 1, from the resource multiplexing of multiple UEs perspective, it is not preferred, since the other UEs may be scheduled by non-fallback DCI with interlaced PUSCHs.
For option 2, it is not preferred either. Note that in NR Rel-15, the bit-width of FRDA for fallback DCI is dependent on the DCI is monitored in CSS or USS if no DCI size alignment. More specifically, the bit-width of FRDA is based on the bandwidth of initial UL BWP when fallback DCI is monitored in CSS while is activated UL BWP for fallback DCI in USS. This is to make the DCI size in CSS is cell-specific. For this option, the RRC parameter is dedicated, so that the FDRA bit-width in fallback DCI is dedicated, which is not desired for fallback DCI in CSS. 
From the FDRA bit-width perspective, option 3 and option 4 are preferred. If cell-specific PUSCH and dedicated PUSCH can be configured different resource allocation types (type 1 or interlaced), for example, cell-specific PUSCH is configured with type 1 and dedicated PUSCH is configured with interlaced. Then for option 3, fallback DCI can only be scheduled with resource allocation type 1. Note that fallback DCI in CSS may not transmit often, but for fallback DCI in USS, it can be used as often as non-fallback DCI, thus it is preferred to use dedicated configurations for fallback DCI in USS. Thus, it is suggested to support option 4.
[bookmark: _Ref23783655]Proposal 7: For NRU uplink resource allocation, 
· There is no need to support dynamic switching between interlaced resource allocation and Rel-15 (Type 0/1) resource allocation
· For PUSCH scheduled by fallback DCI, 
· For fallback DCI in CSS, the resource allocation type follows cell-specific PUSCH configuration on resource allocation type (i.e. useInterlacePUSCH-Common)
· For fallback DCI in USS, the resource allocation type follows dedicated PUSCH configuration on resource allocation type (i.e. useInterlacePUSCH-Dedicated)
Rel-15 Limitations on Configured UL Transmissions
In the last meeting, the issue of Rel-15 Limitations on configured UL transmissions were discussed and some agreements were achieved to allow configured UL (CUL) transmissions in this case. One open issue is how to allow the CUL transmissions as per the agreements. Some options are observed as follows:
· Option 1: introducing one RRC parameter to enable the allowance of CUL transmissions
· Option 2: depending on the DCI 2_0 is transmitted on licensed or unlicensed spectrum
· Option 3: depending on the CUL transmission is configured on licensed or unlicensed spectrum
In NR Rel-15, when the CUL transmission is configured in a set of symbol of a slot and if the set of symbols are indicated as ‘F’ with a semi-static TDD pattern or the UE is not configured with a semi-static TDD pattern, when the UE is configured with DCI 2_0 format monitoring and does not detect a DCI 2_0 format providing a slot format for the set of symbols, UE will cancel the CUL transmission. In unlicensed spectrum, this limitations is problematic due the uncertainty of LBT results before gNB transmits DCI 2_0. Or rather, there is no more issue comparing with NR Rel-15 if the DCI 2_0 is configured on licensed when UE is operated in NSA mode. Therefore, option 2 is preferred.
[bookmark: _Ref23783660]Proposal 8: To allow the CUL transmissions as per the agreements, it can depend on the DCI 2_0 is transmitted on licensed or unlicensed spectrum.
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.
[bookmark: _Ref23783667]Proposal 9: In NRU, performance evaluation and specification impact on SRS design should be clarified before making decision on block interlaced SRS. 
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  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  LBT gap is created at the end of the second symbol of the first SRS resource. 
[bookmark: _Ref23783681]Proposal 10: For SRS transmission with antenna switching in NRU, LBT gap is created within SRS resource.
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Figure 7 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.
[bookmark: _Ref23783687]Proposal 11: 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.
Observation 3: Performance of cyclic shift cycling with step size without 6*SR has about 1.5 dB gain against the step size with 6*SR.
Proposal 1: Partial interlace is supported to make wideband operation flexible.
Proposal 2: For PUCCH format 2 and 3 configured with interlace mapping,
· The 2nd interlace is indicated by the interlace index.
· In case of one interlace is used, the 1st interlace is used.
Proposal 3: For a 20 MHz carrier bandwidth, a BWP can be configured to be less than 20MHz.
· PUCCH with interlace mapping is not supported once the BWP is configured with less than 20MHz.
Proposal 4: For NRU enhanced PF0 and PF1, the step size of cyclic shift for the sequence mapped to neighbouring RBs within an interlace can be set as 5 or 7.
Proposal 5: For NRU enhanced PF0, the formula Δ including an additional term 6*SR should not be supported.
Proposal 6: 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
· A bitmap is used to indicate the allocated LBT bandwidth(s)
Proposal 7: For NRU uplink resource allocation,
· There is no need to support dynamic switching between interlaced resource allocation and Rel-15 (Type 0/1) resource allocation
· For PUSCH scheduled by fallback DCI, 
· For fallback DCI in CSS, the resource allocation type follows cell-specific PUSCH configuration on resource allocation type (i.e. useInterlacePUSCH-Common)
· For fallback DCI in USS, the resource allocation type follows dedicated PUSCH configuration on resource allocation type (i.e. useInterlacePUSCH-Dedicated)
Proposal 8: To allow the CUL transmissions as per the agreements, it can depend on the DCI 2_0 is transmitted on licensed or unlicensed spectrum.
Proposal 9: In NRU, performance evaluation and specification impact on SRS design should be clarified before making decision on block interlaced SRS.
Proposal 10: For SRS transmission with antenna switching in NRU, LBT gap is created within SRS resource.
Proposal 11: Define prioritization rule when SRS and PUSCH/PUCCH resources collide on same symbol(s) in a slot.
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