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1 Introduction
In RAN1 98 meeting [1], the following agreements regarding UL channels/signals for NR-U were made: 
	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 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
Agreement:
A bandwidth occupied by a PUCCH resource does not exceed the bandwidth corresponding to a 20 MHz carrier/LBT bandwidth
R1-1909729	Feature lead summary #2 for UL Signals and Channels	Ericsson
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 provide our views on remaining issues of PUSCH, PUCCH and SRS design. 
2 PUCCH
NR-U supports 4 enhanced PUCCH formats, including enhanced PUCCH format 0/1 to carry 1~2 bit payloads and PUCCH format 2/3 for lager payloads. 
Enhanced PUCCH format 0/1 for 1~2 bit payloads
In last meeting, RAN1 agreed to adopt cyclic shifts (CS) cycling across PRBs of one interlace to reduce PAPR for enhanced PUCCH format 0/1, and left CS ordering FFS. To achieve desirable low PAPR, CS on each PRB should be different to reduce sequence correlation. As shown by many companies, the ordering step of 1 CS provides good PAPR performance. The legacy CS hopping equation is modified by adding PRB index within the interlace, i.e. , where i is i-th PRB within the interlace.  
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 
The remaining issue for enhanced PUCCH format 2/3 is how to achieve user-multiplexing for both the data (UCI) and reference symbols (DMRS). 
For enhanced PUCCH format 2, as shown in Figure 1, within one interlace, 2 or 4 UEs can be multiplexed by allocating a length-2/4 OCC in frequency for UCI and different cyclic shift or cyclic shift + time-domain length-2 OCC for DMRS, if 2-symbol PUCCH format 2 is configured. 


                   
Figure 1(a) 1-symbol enhanced PUCCH format 2             Figure 1(b) 2-symbol enhanced PUCCH format 2
For enhanced PUCCH format 3 (based on DFT-s-OFDM as agreed), within one interlace, up to L UEs can be multiplexed by length-L pre-DFT OCC for UCI and different cyclic shift for DMRS. As well understood and adopted by PUCCH format 4 in Rel-15, length-L pre-DFT spread is equivalent to allocating UEs on different combs on every Lth RE. To preserve the orthogonality within one interlace, UCI information bit should be repeated on every (12*N/L)th samples, wherein the total number of REs per interlace is 12*N. Theoretically, L can be as large as 12*N, as the orthogonality between UEs does not degrade by selective channel fading. Orthogonal DMRS resource is the bottleneck of multiplexing capacity that is sensitive to frequency selective fading. The extreme aggressive case would be using all of 12 CSs within a PRB, as shown in Figure 2. Alternatively, similar to Rel-15 PUCCH format 1, time-domain spread can be consider in addition to frequency-domain spread within a symbol, if time domain correlation between non-adjacent DMRS symbol is satisfactory.  


Figure 2
Similar to Rel-15 PUCCH, the multiplexing factor should be configurable to accommodate variable UCI payload and different channel fading environment.  
Proposal 2: To achieve user-multiplexing for both the UCI and DMRS of enhanced PUCCH,
· For enhanced PUCCH format 2, support frequency domain spread for UCI and frequency & time domain spread for DMRS.
· For enhanced PUCCH format 3, support pre-DFT spread over the whole interlace for UCI and frequency domain spread for DMRS.
In case the same UCI information is repeated in one OFDM symbol, e.g., with frequency-domain spread in enhanced PUCCH format 2, 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 3: Cycling of OCC across PRBs within an interlace can be supported for enhanced PUCCH format 2 to reduce PAPR/CM.
In Rel-15, the maximum number of PRBs for PUCCH format 2/3 is 16 PRBs to provide desirable coding rate for several hundreds of UCI bits. With the aim of supporting the same maximum size of UCI for NR-U, up to 2 interlaces are needed with 10 or 11 PRBs per interlace. To simplify the signalling design, gNB configures the starting interlace index and the number of interlaces (1 or 2) for each PUCCH resource, and partial interlace is not supported for 2nd interlace. Similar to Rel-15 PUCCH format 2/3, the configured number of interlace is the maximum usable interlaces while the actually transmitted interlace(s) is derived by UCI payload and configured coding rate. 
Proposal 4: gNB configures up to 2 full interlaces per PUCCH resource, and UE determines the actually transmitted number of full interlace according to UCI payload and configured coding rate.
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. For a given SCS, the interlace spacing is the same regardless of carrier BW. As a result, the larger the BW, the larger number of PRBs per interlace is. However, in some scenarios, allocating all PRBs of one interlace to a UE configured with large carrier BW or BWP degrades resource efficiency. 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, partial interlace allocation is more efficient. To support partial interlace allocation, for non-fallback DCI, LBT bandwidth(s) together with the interlace index are indicated, 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, which reduces PUSCH dropping probability when PUSCH is within gNB shared COT. For Msg3 PUSCH, there is no need to indicate LBT bandwidth for Msg3 considering UL initial BWP is 20MHz. 
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.
Considering a proper resource allocation, i.e. interlace or legacy contiguous resource allocation depends on deployment scenarios, network should support flexible configuration rather than fixed to only one resource allocation type. For example, gNB can semi-static configure the resource allocation type on demand. Before RRC connection establishment, the configuration information can be indicated by SIB1. After RRC connection, the configuration is indicated by dedicated RRC signalling, which is common to any PUSCH regardless of configured grant or dynamic grant PUSCH scheduled by fallback or non-fallback DCI. 
Proposal 8: For the configurability of interlaced and legacy contiguous allocation,
· The configuration is indicated by SIB1 before RRC connection setup. 
· The configuration is indicated by dedicated RRC signalling after RRC connection setup. 
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. 
For aperiodic SRS transmission, multiple SRS resources of one or multiple SRS resource sets associated with one aperiodciSRS-ResourceTrigger state can be transmitted upon the triggering. In case UE supports simultaneous transmission of multiple SRS resources over multiple LBT bandwidth, it should be clarified the condition to transmit SRS according to LBT result. For example, if one SRS resource set includes 4 SRS resources with 20MHz bandwidth on LBT bandwidth 1, 2, 3 and 4 respectively, whether UE can transmit all these 4 SRS resources when UE succeeds in LBT for all these LBT bandwidths and otherwise drop all of 4 SRSs (right column in Figure 3), or, UE can transmit SRS resources on LBT bandwidths in which UE can access, e.g., if LBT on LBT bandwidth 3 and 4 is successful, then, UE can transmit SRS3 and SRS4 on these two LBT bandwidth (left column in Figure 3). 
[image: ]
Figure 3
Proposal 9: If multiple SRS resources triggered by aperiodic SRS resource are on multiple LBT bandwidth, RAN1 should decide whether to allow some of these SRS resources to be transmitted if UE succeeds in LBT on LBT bandwidth(s) of the SRS resources. 
Another issue of SRS LBT bandwidth 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. 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. 
[image: ]
Figure 4
Proposal 10: 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 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: To achieve user-multiplexing for both the UCI and DMRS of enhanced PUCCH,
· For enhanced PUCCH format 2, support frequency domain spread for UCI and frequency & time domain spread for DMRS.
· For enhanced PUCCH format 3, support pre-DFT spread over the whole interlace for UCI and frequency domain spread for DMRS.
Proposal 3: Cycling of OCC across PRBs within an interlace can be supported for enhanced PUCCH format 2 to reduce PAPR/CM.
Proposal 4: gNB configures up to 2 full interlaces per PUCCH resource, and UE determines the actually transmitted number of full interlace according to UCI payload and configured coding rate.
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,
· The configuration is indicated by SIB1 before RRC connection setup. 
· The configuration is indicated by dedicated RRC signalling after RRC connection setup. 
Proposal 9: If multiple SRS resources triggered by aperiodic SRS resource are on multiple LBT bandwidth, RAN1 should decide whether to allow some of these SRS resources to be transmitted if UE succeeds in LBT on LBT bandwidth(s) of the SRS resources. 
Proposal 10: 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. 
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