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1 Introduction
In RAN1 98b meeting [1], the following agreements regarding UL channels/signals for NR-U were made: 
	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 
· wFFS: 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 provide our views on remaining issues of PUSCH, PUCCH, SRS design and CUL transmission behaviour. 
2 PUCCH
Enhanced PUCCH format 0/1 for 1~2 bit payloads
RAN1 agreed to adopt cyclic shifts (CS) cycling across PRBs of one interlace to reduce PAPR for enhanced PUCCH format 0/1. There’re two remaining aspects to be decided, one is the down-select the step size of CS per PRB from {1,5,7,11}, and the second is whether/how to further increase the multiplexing capacity for PF 0/1. For the first aspect, as evaluated by many companies, the CM performance for these 4 candidates value is similar, and step size 5 provides a slightly Lower CM. For the second aspects, considering the rare case of 1/2 bit payloads in NR-U except HARQ-ACK feedback before RRC connection setup, and limited time in the last meeting for Rel-16 NR-U, it is undesirable to spend additional effort on unnecessary optimization for multiplexing capacity enhancement for PUCCH format 0/1. 
Proposal 1: For enhanced PUCCH format 0/1, cyclic shift for i-th PRB within the interlace is determined by  . 
Enhanced PUCCH format 2/3 for larger payloads 
In last meeting, the detailed user-multiplexing mechanism for PUCCH 2 were finalized. The remaining issue is whether/ how to reduce CM/PAPR. In case the same UCI information/DMRS is repeated in one OFDM symbol, PAPR/CM would increase. Similar to CS cycling across PRBs for enhanced PUCCH format 0/1, OCC cycling across PRBs can be applied to PUCCH format 2.
Proposal 2: For enhanced PUCCH format 2, cycling of OCC across PRBs within an interlace can be supported to reduce PAPR/CM.
For enhanced PUCCH format 3, two alternatives to support user-multiplexing were discussed in last meeting, one is block-wise repetition analogous to Rel-15 PUCCH format 4, the other is symbol-wise repetition. As well understood from Rel-15, block-wise repetition with length L is equivalent to allocating UEs on different combs on every Lth RE after DFT, thus the orthogonality between UEs does not degrade by selective channel fading. For symbol-wise repetition, UCI information from different UEs are overlapped in frequency domain after DFT, which is sensitive to selective fading, and also complicates the decoding procedure at the receiver.  
Proposal 3: For enhanced PUCCH format 3, user multiplexing for the UCI is based on the application of pre-DFT OCC with block-wise repetition in time domain followed by mapping over whole interlace in frequency.
In last RAN1 meeting, RAN1 agreed to support up to 2 interlaces for large UCI payload case. To minimize standard effort, it is desirable to reuse the basic signalling structure for Rel-15 PUCCH for interlaced PUCCH, the starting PRB is replaced by starting interlace index, and the number of PRBs is replaced by the number of interlaces. Then, if the number of interlace is 2, the configured interlaces include the first interlace and the next adjacent interlace. In case one interlace is to be used, the first interlace is chosen and the remaining interlace can be allocated to other UEs for PUCCH/PUSCH transmission, which is similar as Rel-15 procedure. 
Proposal 4: For a PUCCH resource, gNB configures the first interlace index and the number of interlaces (1 or 2). In case one interlace is to be used, UE uses the first interlace. 
Legacy PUCCH format 2/3
RAN1 has also identified that legacy PUCCH format 2 and 3 with legacy contiguous waveform are beneficial for some scenarios. To meet the minimum temporal allowance of 2 MHz, Y=12/6/3 PRBs for 15/30/60 kHz SCS should be allocated. In NR phase-1, UE determines the actual number of PRBs X for the PUCCH transmission to be the minimum (the number of PRBs configured by PUCCH resource, the minimum number of PRBs resulting to a coding rate no smaller than configured code rate for UCI). If the same mechanism applies for PUCCH format 2 and 3, the actual number of PRBs for PUCCH transmission X would be smaller than Y, although the configured number of PRBs per PUCCH resource is larger than Y. Therefore, the determination of actual number of PRBs for PUCCH transmission should be modified to X’ = maximum (minimum(the number of PRBs configured by PUCCH resource, the minimum number of PRBs resulting to a coding rate no smaller than configured code rate for UCI), Y) to set the lower bound. UE performs UCI rate matching according to X’ PRBs.      
Proposal 5: For legacy PUCCH format 2 and 3 with contiguous frequency resource allocation, the actual number of PRBs for PUCCH transmission should be determined by max (min(the number of PRBs configured by PUCCH resource, the minimum number of PRBs resulting to a coding rate no smaller than configured code rate for UCI), the minimum number of PRBs occupying at least 2MHz).
3 PUSCH Design 
Interlace resource allocation 
RAN1 agreed to support bit-map interlace indication for 30KHz SCS while down select from bit-map and RIV for 15KHz SCS. RIV supports contiguous interlaces and some spare states can indicate some combinations of non-contiguous interlaces. Bit-map supports arbitrary interlace combination but requires 4 more bits. Considering the gain of additional flexibility of arbitrary interlace combination is not so convincing, interlace indication by RIV is preferred.  
Proposal 6: For 15KHz SCS, interlace allocation is indicated in the form of RIV.
In NR-U, the carrier bandwidth as well as BWP bandwidth can be larger than 20MHz and is an integer multiple of 20MHz. As already well-understood, in some scenarios, allocating partial interlace is beneficial, for example, when a UE only has few bits to transmit, or only one or some of LBT bandwidths within gNB shared COT is idle. To support partial interlace allocation, RAN1 already agreed to introduce LBT bandwidth indication for PUCCH resource configuration. Similarly, for type-1 CG PUSCH, the LBT bandwidth is configured as part of CG PUSCH configuration. For type-2 CG PUSCH and dynamic PUSCH scheduled/activated by non-fallback DCI, LBT bandwidth is indicated in the DCI, i.e. in addition to X bits for interlace index, Y bits are used for indicating the LBT bandwidths allocated to the UE, wherein LBT bandwidth pattern is semi-statically configured by gNB with the consideration of guard-bands. For fallback DCI, to keep the compact size, LBT bandwidth bit field is not included. UE assumes the indicated interlace occupies the whole UL active BWP, or the interlace is only within the UL LBT bandwidth with the same LBT bandwidth index of DL LBT bandwidth on which the UL grant is received. For Msg3 PUSCH, there is no need to indicate LBT bandwidth for Msg3 considering UL initial BWP is 20MHz. 
Proposal 7: For partial PUSCH interlace allocation, 
· For non-fallback DCI, UE determines PUSCH frequency resource according to Y bits indicated LBT bandwidth index and X bit interlace index. 
· For fallback DCI, UE determines PUSCH frequency resource according to indicated interlace index  assuming the interlace over the whole UL active BWP or within UL LBT bandwidth according to DL LBT bandwidth on which the UL grant is received.
As agreed in last meeting, interlace or legacy contiguous resource allocation can be semi-statically configured for both cell-specific and UE-specific PUCCH/PUSCH. One FFS point is whether to support dynamic switching between these two schemes. It is noted that gap between the number of FDRA bits for legacy and interlace mapping is quite large, e.g. 14 bit vs 6 bit for 20MHz BWP, the magnificent DCI overhead increase is not well-justified by limited gain of resource allocation flexibility provided by dynamic switching between these two mapping types. Another FFS point is whether the dedicated configuration applies to fallback DCI. For the sake of robustness, the resource allocation type supported by fallback DCI can be determined by the broadcast signalling for cell-specific PUSCH. 
Proposal 8: For the configurability of interlaced and legacy contiguous allocation,
· Not support dynamic switching between the interlaced and Rel-15 resource allocation. 
· The resource allocation indicated by SIB1 applies to fallback DCI.  
4 SRS
SRS waveform should also meet OCB requirement. Both NR phase-1 and LTE eLAA supports comb-based wideband SRS. In NR-U, reusing the legacy comb-based wideband SRS over at least 20MHz bandwidth meets OCB requirement, and also provides good SRS detection performance and sufficient SRS multiplexing capacity (up to 4 combs and 12 CSs). Wideband SRS can be multiplexed with other UL channels in a TDM manner. There is no need to introduce another new SRS waveform. 
Observation: No need to introduce interlaced SRS in addition to Rel-15 SRS waveform. 
Another issue for aperiodic SRS transmission is how to configure the SRS frequency resource to take advantage of Cat-1/Cat-2 LBT when SRS is within gNB shared COT or right after PUSCH/PUCCH transmission (UL COT). If SRS LBT bandwidth is only determined by semi-static configuration of SRS frequency resource, it would be quite difficult to always ensure a proper SRS resource set to be triggered within LBT bandwidths of DL/UL COT with only 3 states of aperiodciSRS-ResourceTrigger. If at least one LBT bandwidth for SRS is outside the COT bandwidth, UE has to perform Cat-4 LBT. To reduce the dropping probability of SRS, it is beneficial to derive the LBT bandwidth to transmit SRS according to LBT bandwidth of DL/UL COT rather than configured SRS frequency resource when SRS is within COT, while SRS LBT bandwidth can be determined by configured SRS frequency resource when SRS is outside COT. Figure 1 provides an example. The configured LBT bandwidth for SRS1 is LBT bandwidth 2. If gNB completes LBT on LBT bandwidth 3 and 4, and triggers SRS1 within the same DL COT. Then, UE transmit SRS1 on LBT bandwidth 3 instead of LBT bandwidth 2. If gNB triggers SRS1 to be transmitted outside DL COT, then, UE attempts to transmit SRS1 on LBT bandwidth 2 after Cat-4 LBT. 
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Figure 1
Proposal 9: If SRS is within gNB shared COT or right after PUSCH/PUCCH, the LBT bandwidth to transmit SRS is derived by LBT bandwidth of DL/UL COT, otherwise, it is derived by configured SRS frequency resource. 
5 CUL transmission
RAN1 agreed to support the mechanism to allow CUL (Configured UL) transmission 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, the details are FFS. 
Whether cancel or perform the CUL transmission can be semi-statically configured by RRC signalling. Considering the different priority level of CUL signals, e.g., more transmission opportunities is more important to PUCCH SR/PRACH than configured PUSCH, the RRC signalling for enable/disable CUL transmission can be indicated separately for different UL channels. 
In some scenarios, it is possible UE receives DCI 2_0 but does not get the slot format information for a set of symbols. For example, if both COT information and SFI are included in DCI 2_0, and the set of symbols is within COT but not indicated by SFI. In that case, it is desirable to let gNB dynamically indicate the allowance of CUL transmission similar as that supported in FeLAA. The dynamic signalling can overwrite the RRC configuration of CUL transmission. 
Proposal 10: Rel-15 behavior or new CUL behavior for CUL transmission can be RRC configured for each CUL channel.
Proposal 11: The dynamic signaling of allowance of CUL transmission within COT as FeLAA can overwrite the RRC configuration.
6 Conclusions
The observation and proposals made in this contribution are summarized below:
Observation: No need to introduce interlaced SRS in addition to Rel-15 SRS waveform. 
Proposal 1: For enhanced PUCCH format 0/1, cyclic shift for i-th PRB within the interlace is determined by  . 
Proposal 2: For enhanced PUCCH format 2, cycling of OCC across PRBs within an interlace can be supported to reduce PAPR/CM.
Proposal 3: For enhanced PUCCH format 3, user multiplexing for the UCI is based on the application of pre-DFT OCC with block-wise repetition in time domain followed by mapping over whole interlace in frequency.
Proposal 4: For a PUCCH resource, gNB configures the first interlace index and the number of interlaces (1 or 2). In case one interlace is to be used, UE uses the first interlace. 
Proposal 5: For legacy PUCCH format 2 and 3 with contiguous frequency resource allocation, the actual number of PRBs for PUCCH transmission should be determined by max (min(the number of PRBs configured by PUCCH resource, the minimum number of PRBs resulting to a coding rate no smaller than configured code rate for UCI), the minimum number of PRBs occupying at least 2MHz).
Proposal 6: For 15KHz SCS, interlace allocation is indicated in the form of RIV.
Proposal 7: For wideband PUSCH interlace allocation, 
· For non-fallback DCI, UE determines PUSCH frequency resource according to indicated LBT bandwidth(s) and interlace(s). 
· For fallback DCI, UE determines PUSCH frequency resource according to indicated interlace indication assuming the interlace over the whole UL active BWP or within UL LBT bandwidth according to DL LBT bandwidth on which the UL grant is received.
Proposal 8: For the configurability of interlaced and legacy contiguous allocation,
· Not support dynamic switching between the interlaced and Rel-15 resource allocation. 
· The resource allocation indicated by SIB1 applies to fallback DCI.  
Proposal9: If SRS is within gNB shared COT or right after PUSCH/PUCCH, the LBT bandwidth to transmit SRS is derived by LBT bandwidth of DL/UL COT, otherwise, it is derived by configured SRS frequency resource. 
[bookmark: _GoBack]Proposal 10: Rel-15 behavior or new CUL behavior for CUL transmission can be RRC configured for each CUL channel. 
Proposal 11: The dynamic signaling of allowance of CUL transmission within COT as FeLAA can overwrite the RRC configuration.
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