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1 Introduction
In RAN1 97 meeting [1], the following agreements regarding UL channels/signals for NR-U were made: 
	Agreement:
Support enhancement of Rel-15 PUCCH formats PF0 and PF1 as follows:
· Mapping to physical resources of one full interlace in 20 MHz.
· FFS: Sequence type and mapping considering the following alternatives:
· Alt-1: Repetition of the length-12 Rel-15 PF0 and PF1 sequence in each PRB of an interlace with mechanism to control PAPR/CM considering the following alternatives
· Alt-1a: Cycling of cyclic shifts across PRBs 
· Alt-1b: Phase rotation across PRBs of an interlace where the phase rotation is can be per RE or per PRB
· Alt-2: Mapping of different length-12 Rel-15 PF0 and PF1 sequences to the PRBs of an interlace based on different group number u (range is 0 .. 29)
· Alt-3: Mapping of a single long sequence to the PRBs of an interlace
· FFS: Impact due to guardbands 
· Note: Decisions on the above should be based on at least performance using the agreed MCL metric and specification impact
· Note: Interlaced PF2 and 3 are not enhanced to support 1-2 bit payloads

Agreement:
For enhanced Rel-15 PF3 supporting interlaced mapping, do not replace DFT-s-OFDM with CP-OFDM


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
Three alternatives were discussed for PUCCH format 0/1 sequence and mapping design. Both Alt-1 and Alt-2 is based on the repetition of existing Rel-15 length-12 PUCCH format 0/1 sequence with PAPR/CM reduction mechanism. The motivation of applying different Cyclic Shift (CS) to different PRBs (Alt-1a), using different phase-rotation to different PRBs (Alt-1b) or mapping different sequence with different u (Alt-2) is the same, that is, to introduce PRB-specific randomization to reduce PAPR/CM, and may achieve interference randomization between UEs at the same time (similar to CS hopping in time-domain). Considering CS is supported for NR PUCCH format 0/1 and CS hopping has been well-studied and supported from LTE, Alt-1a is preferred to reduce the potential standard effort, e.g., just adding PRB index into the existing CS hopping equation. For Alt-3 using a long sequence over all PRBs of one interlace, the same CS is applied to all PRBs without diversity gain over PRBs. Besides, the scalability to any number of PRBs is limited if Rel-15 ZC sequence is reused, e.g., some unused PRBs caused by LBT bandwidth guradband, otherwise, new sequence would be required which should be avoided at such late stage of NR-U WI.     
Proposal 1: For enhanced PUCCH format 0/1, repetition of the length-12 Rel-15 PF0 and PF1 sequence in each PRB of an interlace with cycling of CS across PRBs is supported. 
Enhanced PUCCH format 2/3 for larger payloads 
The basic signal structure for Rel-15 PUCCH format 2/3 can be reused for enhanced PUCCH format 2/3 over non-adjacent PRBs of an interlace. The remaining issue is how to achieve user-multiplexing for both the data (UCI) and reference symbols (DMRS) for these two PUCCH formats. 
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. 


                   
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, 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. One simpler solution is to perform PRB-specific randomization such as switching OCC sequence across PRBs. 
Proposal 3: Cycling of OCC across PRBs within an interlace can be supported for enhanced PUCCH format 2 to reduce PAPR/CM.
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 4: 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 
Rel-15 NR supports two resource allocation types: Type-0 for contiguous and non-contiguous resource allocation based on RBG and type-1 for contiguous allocation by RIV with PRB granularity. For type-0 RA, arbitrary interlace combination can be indicated by replacing RBG with the interlace. However, considering PAPR/CM impact, some interlace combination is not feasible, thus some bitmap state is wasted. For type-1 RA, contiguous interlaces can be indicated by replacing the PRB with the interlace, i.e. RIV indicates the starting interlace index and the number of contiguous interlaces. Similar to eLAA, some spare states can indicate some combinations of non-contiguous interlaces. Comparing with type-0 RA, type-1 RA requires less DCI overhead and is sufficient for most practical scenarios.  
Proposal 5: Rel-15 type-1 PUSCH frequency resource allocation is applied with the interlace replacing the PRB.
In NR-U, the carrier bandwidth as well as BWP bandwidth can be larger than 20MHz and is an integer multiple of 20MHz. In the previous meeting, ‘common’ interlace with reference point A was agreed as working assumption. 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 sub-bands within the active BWP is idle, partial interlace allocation is more efficient. To support partial interlace allocation, sub-band indication together with the interlace index can be indicated.  
Besides, the indication of unusable PRBs in the guard band of LBT sub-band needs to be considered (if RAN4 deems necessary to reserve some RBs for protection).  
Proposal 6: For wideband PUSCH interlace allocation, the sub-band indices together with the interlace indices can be indicated. 
Multiple starting positions for scheduled PUSCH 
Supporting multiple starting position within a PUSCH increases transmission opportunities. In FeLAA, multiple starting positions is enabled by puncturing some part of PUSCH according to LBT result. In NR-U, two options were discussed, one is to rely on multiple type-B PUSCH within a slot and other is puncturing similar to FeLAA.  
-	Option 1: PUSCH(s) as in Rel-15 NR
-	Option 2: Multiple starting positions in one or multiple slot(s) are allowed for PUSCH(s) scheduled by a single UL grant (i.e., not a configured grant) and one of the multiple PUSCH starting positions can be decided depending on LBT outcome. 
For Option 1, gNB can schedule multiple type-B PUSCHs to occupy a full UL slot, e.g., 7 PUSCHs with 2 symbol duration. UE transmits the corresponding PUSCHs in the remaining symbols from the nearest candidate starting position after successful LBT. The main drawback is DMRS overhead as each type-B PUSCH includes at least one DMRS symbol which is TDMed with Data for DFT-s-OFDM, and also UL grant or DFI overhead carrying implicit/explicit HARQ-ACK for each type-B PUSCH. Moreover, it complicates time domain resource allocation (TDRA) design for multi-slot scheduling or increases the number of TDRA bits if the combination of multi-mini-slots and multi-slots should be indicated to support multiple starting positions in a slot. 
For Option 2, similar as FeLAA, UE can firstly prepare the PUSCH according to the UL grant, e.g., PUSCH starting position and duration, and transmit partial PUSCH starting from the nearest candidate starting symbol after LBT by puncturing either from the start of slot or the end of slot. The data punctured due to failure of LBT could be recovered by CBG-based retransmission already well-supported by Rel-15 NR. HARQ-ACKs of these punctured CBGs are not counted towards CWS adaptation decision. 
For option 2, one key point is how to aid gNB to identify the actual starting point, and how to reduce the impact on channel estimation. In Rel-15 NR, the first DMRS is located in the first scheduled symbol(s) for type-B PUSCH, and it is in the 3rd or 4th symbol in a slot for type-A PUSCH. If the candidate starting position can be after the first DRMS symbol, then, DMRS is punctured which does not only degrade channel estimation (or even no CE result if there is no additional DMRS) but also complex the starting position detection at gNB side. Therefore, DMRS should be movable to ensure it is always located in the first full symbol of transmitted PUSCH for channel estimation and starting position detection. To reduce the complexity of regenerating DMRS sequence according to LBT result, removing symbol index from DMRS sequence initialization can be considered, though interference randomization in partial starting slot would be slightly degraded.  
It is noted that option 2 is easily applicable to multi-slot scheduling without additional impact on UL grant indication. 
Proposal 7: Support flexible starting position for PUSCH by puncturing from the end of the slot, with always placing DMRS in the first full symbol of transmitted PUSCH. HARQ-ACKs of these punctured CBGs are not counted towards CWS adaptation decision. 
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 sub-band 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. 
In NR-U, the UL/DL configuration on unlicensed band can be very dynamically changed according to the channel access result. The semi-statically determined SRS transmission occasion may fall into a DL slot/symbol, and gNB may not timely utilize the available resources to facilitate SRS transmission, e.g., at the end of DL burst. The efficiency of P-SRS and SP-SRS would be seriously degraded. If P-SRS and SP-SRS are to be supported in NR-U, the transmission is permitted only if the transmission occasion is within UL slot/symbols indicated by SFI or other COT indication.   
For AP-SRS, the SRS transmission occasion is determined by the slot containing DCI triggering SRS, the offset configured by SRS resource and SRS starting position. Typically, it would be desirable to transmit SRS along with PUSCH or PUCCH to avoid additional LBT. Semi-statically configured slot offset and starting position (can be configured to start at any OFDM symbol within a slot now) may not be flexible enough to always support contiguous SRS and PUSCH/PUCCH transmission. It would be desirable to introduce one triggering state to support continuous SRS and PUSCH/PUCCH transmission. 
Proposal 8: If AP-SRS is configured, one triggering state to bundle SRS and PUSCH/PUCCH in contiguous symbols can be supported.
5 10MHz operation 
NR-U also supports 10MHz operation for 5GHz band via NR-U/NR-U CA or NR/NR-U CA per the updated WI [2]. No air-interface optimizations specific to 10MHz is expected, the interlace-based PUCCH/PUSCH/SRS design discussed above should be directly applied to 10MHz operation. 
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, repetition of the length-12 Rel-15 PF0 and PF1 sequence in each PRB of an interlace with cycling of CS across PRBs is supported. 
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: 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 5: Rel-15 type-1 PUSCH frequency resource allocation is applied with the interlace replacing the PRB.
Proposal 6: For wideband PUSCH interlace allocation, the sub-band indices together with the interlace indices can be indicated. 
Proposal 7: Support flexible starting position for PUSCH by puncturing from the end of the slot, with always placing DMRS in the first full symbol of transmitted PUSCH. HARQ-ACKs of these punctured CBGs are not counted towards CWS adaptation decision. 
Proposal 8: If AP-SRS is configured, one triggering state to bundle SRS and PUSCH/PUCCH in contiguous symbols can be supported.
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