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1 Introduction
In last meeting [1], RAN1 has made good progress on basic design aspects for UL interlace, and achieved following agreements,   Agreement:
· Within a 20 MHz bandwidth, the following candidate PRB-based interlace designs have been identified where M is the number of interlaces and N is the number of PRBs per interlace in a 20 MHz bandwidth. Where two values are listed for N, it means that some interlaces have one more PRB than others (non-uniform interlace design):
· 15 kHz:
· M = 12, N = 8 or 9
· M = 10, N = 10 or 11
· M = 8, N = 13 or 14
· 30 kHz:
· M = 6, N = 8 or 9
· M = 5, N =  10 or 11
· M = 4, N = 12 or 13
· 60 kHz:
· M = 4, N = 6
· M = 3, N = 8
· M = 2, N = 12
· 60 kHz (assuming 26 PRBs is agreed by RAN4 in a 20 MHz bandwidth):
· M = 4, N = 6 or 7
· M = 2, N = 13
· M = 3, N = 8 or 9
· It is up to RAN4 to investigate whether or not the non-uniform interlace structure has an impact on MPR/A-MPR requirements for PUSCH


Agreement:
Capture the following in TR 38.889
· Both PRB and sub-PRB interlacing for 60 kHz have been studied. For sub-PRB interlacing the following aspects have been considered:
· Power boosting potential depending on resource allocation size
· PUSCH DMRS configuration aspects
· Channel estimation performance
· Number of REs per interlace unit

Agreement:
For carriers with bandwidth larger than 20 MHz, two candidate interlace designs have been identified.
· Alt-1: Same interlace spacing for all interlaces regardless of carrier BW.
· This alternative uses Point A as a reference for the interlace definition
· Alt-2: Interlacing defined on a sub-band (20 MHz) basis. (Note: Possible interlace spacing discontinuity at edges of sub-band). 

the following agreements for UL signals/channels were made: 
























This contribution focuses on remaining aspects for general UL interlace aspects as well as PUCCH, PRACH and SRS design to be concluded in SI. 
2 General UL Design 
DFT-s-OFDM waveform is adopted for UL transmission in both LTE and NR phase-1. Its low PAPR/CM property leads to high PA efficiency and also in turn results in good cell coverage and extended UE battery life. In NR-U, the PAPR/CM performance of DFT-s-OFDM degrades due to non-adjacent interlace-based resource allocation. However, PAPR/CM is still better than CP-OFDM as evaluated at the beginning of eLAA. Therefore, DFT-s-OFDM should still be supported. 
Proposal 1: NR-U should support DFT-s-OFDM for both legacy contiguous and interlace-based resource allocation. 
3 PUCCH
NR-U may support CA based aggregation with NR licensed band, dual-connectivity (DC) based operation with LTE licensed band as well as standalone (SA) operation of NR-U. At least for DC and SA operation mode, UCI transmission on unlicensed band would be required. Thus, PUCCH transmission on unlicensed band should be supported.  
NR phase 1 supports both short PUCCH (PUCCH format 0/2) and long PUCCH (PUCCH format 1/3/4). Considering the similar scenarios requiring different PUCCH format on licensed carriers, e.g., to support different UL coverage or to cope with different UCI payload, and also for NR-U specific scenarios, such as to utilize the remaining symbols or slots within gNB shared MCOT, at least more than one PUCCH format should be supported. 
RAN1 identified the legacy contiguous waveform may be adequate in some scenarios. Legacy PUCCH format 2 and 3 consisting of multiple PRBs, e.g., 12 PRBs over more than 2MHz bandwidth can fulfil the minimum bandwidth of OCB requirement. Regarding PUCCH format 0/1/4 with a single PRB, whether these PUCCH format can meet OCB requirement depends on the test period in the regulation. For example, OCB test can be observed over many symbols, e.g., more than 1 second that can be interpreted as the impact of a short instance transmission is ignorable as long as the UL frequency resources on average can meet the OCB requirement, or the intra-slot frequency hopping over the edge of bandwidth can pass the test if the test is to average over the whole 1ms. RAN1 needs to fully understand the corresponding regulations and then decides whether to support legacy PUCCH format 0/1/4. 
Proposal 2: NR-U supports at least legacy PUCCH format 2/3 with a sufficient number of contiguous PRBs to meet the minimum temporal allowance of 2MHz. 
RAN1 also identified the interlace-based waveform can be beneficial in some scenarios. For the sake of efficient multiplexing between different UL channels, the common design for these UL channels would be desirable.
The scenario for 1~ 2 bit UCI payload in unlicensed band would be much rare than in licensed band, as it would be more desirable to transmit all necessary UCI information once UE accesses the channel after LBT. Considering the limited usage of such small UCI payload, it is not worth dedicatedly designing PUCCH format for only a small UCI payload. Instead, PUCCH formats for medium UCI payload can also support the small UCI payload case with marginal standard effort, e.g., by padding zero until 3 bits and then reuse the PUCCH format for medium UCI payload. 
For PUCCH format with medium/large UCI payload, the mechanism to increase the multiplexing capacity per interlace would be needed. With interlaced waveform, the minimum granularity for PUCCH resource is one interlace, e.g., 10 PRBs per interlace, which is much larger than legacy PUCCH. Apparently, allocating a single UE over one interlace would be wasteful for most cases with medium UCI payload. In NR phase-1, PUCCH forma 4 is single PRB with configurable multiplexing capacity of 2 or 4. To keep the similar coding rate and multiplexing capacity over the whole bandwidth, the multiplexing factor per interlace should be extended beyond 4. Even for medium to large UCI payload that is typically carried by legacy PUCCH format 3, there would be still some multiplexing room except the extreme case of several hundred or more than a thousand bits UCI payload. If both PUCCH format 3 and format 4 supports UE multiplexing, there is no essential difference between these two PUCCH formats. 
Proposal 3: NR-U supports one short PUCCH based on PUCCH format 2 and one long PUCCH based on PUCCH format 3/4 with interlaced waveform for a variable UCI payload from 1 to thousands bits. 
The mechanism to support configurable multiplexing capacity should be studied. Typically, time or frequency domain spreading (including using different CS) is the practical way to increase the multiplexing capacity. The frequency domain spreading within a PRB can be investigated with the sensitivity of frequency-selective fading, and the time domain spreading within a slot can be investigated with the sensitivity of time-selective channel. Furthermore, the time-domain spreading may vary with the duration of PUCCH and DMRS configuration, such as with/without additional DMRS or TDM/FDMed DMRS. 
Proposal 4: NR-U supports enhanced multiplexing capacity with extended CS and/or OCC in frequency/time domain.
4 PRACH
In Rel-15 NR, both long preamble formats with sequence length of L = 839 (i.e., format 0/1/2 with 1.25 KHz SCS and format 3 with 5KHz SCS), and short preamble formats with sequence length of L = 139 (i.e., format A1/A2/A3/B1/B2/B3/B4/C0/C2 with SCS of 15 kHz or 30 kHz in FR1, and 60 kHz or 120 kHz in FR2) are supported. For NR-U, only short preamble formats can be supported, while the long preamble formats are not supported. This is because NR-U mainly targets the small cell scenarios with a shorter coverage range, and short preamble formats such as A3/B4 can already support a maximum cell radius of at least 1.5 km with 30 kHz PRACH SCS. Therefore, NR-U can focus on supporting the short PRACH preamble formats only.
Proposal 5: NR-U can support short PRACH preamble formats only.
The NR-U PRACH waveform design needs to meet the unlicensed regulations. For example, NR-U can use the interlaced PRACH waveform for the occupied channel bandwidth (OCB) to be more than 80% of nominal bandwidth. In addition, with 30 kHz PRACH SCS, up to 4 PRACH interlaces with each PRACH interlace occupying 12 PRBs can be supported within the initial active UL BWP of 20 MHz, i.e., the PRB-based interlace design option with M = 4, N = 12 for 30 kHz SCS from [1].
The OCB regulation for 5 GHz unlicensed band [4] also allows that during a channel occupancy time (COT), the equipment may operate temporarily with an OCB of less than 80 % of its nominal channel bandwidth with a minimum of 2 MHz. Since PRACH with short preamble formats occupies 12 PRBs with more than 2 MHz bandwidth, and only requires 2/4/6/12 OFDM symbols which is relatively short in the time domain, NR-U PRACH waveform can also reuse the legacy continuous waveform of Rel-15 NR PRACH by exploiting this temporal allowance for OCB to be less than 80% of nominal BW (i.e., initial active UL BWP). 
The continuous waveform for NR-U PRACH can be beneficial because: (1) the continuous waveform requires minimal change from Rel-15 PRACH; (2) contiguous waveform for PRACH can potentially achieve better timing accuracy compared to interleave-based waveform; and (3) PRACH occasion determination can reuse the legacy procedure as in Rel-15 NR. In addition, the effects of PSD constraint on PRACH coverage as well OCB requirement can be compensated by using a higher SCS for PRACH such as 30 kHz; and by allocating multiple frequency multiplexed PRACH occasions to a UE, which can be achieved through the support of frequency multiplexed PRACH occasions and one-to-many mapping from SS/PBCHs to PRACH occasions from existing Rel-15 NR PRACH procedure. Furthermore, as will be observed later that multiplexing between PRACH and PUSCH/PUCCH in a TDM manner is more beneficial for NR-U, the continuous waveform for PRACH is therefore preferred over the interlace-based waveforms for NR-U PRACH, at least for initial access purpose. 
Proposal 6: Continuous-based waveform can be the preferred waveform option for NR-U PRACH.
Since NR-U mainly targets the small cell scenarios with a shorter coverage range, and that 30 kHz PRACH SCS provides better compensation for the PSD constraint and OCB requirement than 15 kHz PRACH SCS, it is therefore preferred to use 30 kHz SCS over 15 kHz SCS for NR-U PRACH. In addition, despite supporting 60 kHz SCS for PRACH in sub-7 GHz NR-U may lead to faster PRACH transmission and further compensation for PSD limit over 30 kHz SCS, many enhancements are needed from Rel-15 NR. For examples, such enhancements can include: (1) support the configuration of 60 kHz SCS through RRC layer besides the legacy 15 kHz SCS and 30 kHz SCS; (2) reinterpret each entry of the PRACH configuration table when PRACH SCS is 60 kHz; or add additional entries to the PRACH configuration table, such that the PRACH time-domain resource with 60 kHz SCS for sub-7 GHz NR-U can be determined. Given the many required changes to support 60 kHz SCS for PRACH, and the fact that LBT design for PRACH [3] [4] is more important in achieving a faster NR-U PRACH transmission than the duration of PRACH itself, it is therefore preferred to support 30 kHz SCS for NR-U PRACH, and 60 kHz SCS can be deprioritized unless well justified. Furthermore, the choice of 30 kHz SCS for NR-U PRACH can also enable a unified 30 kHz SCS for all downlink/uplink channels/signals for the standalone operation of sub-7 GHz NR-U [2].
Proposal 7: NR-U PRACH subcarrier spacing is preferred to be 30 kHz.
With 30 kHz SCS and 12 continuous PRBs for a PRACH transmission, only 4 FDM’ed PRACH occasions can occupy more than 94% of the 20 MHz initial active UL BWP. Therefore, from UL resource efficiency point of view, it is sufficient to support PRACH to be FDM’ed only with other PRACH, and multiplexing PRACH and PUSCH/PUCCH in a TDM manner, at least within the initial active UL BWP. Since PRACH and PUSCH/PUCCH are separated in time domain, the resource allocation is much easier when different waveforms (continuous and interlaced) or different PRB-based interlace structures are applied for PRACH and PUSCH/PUCCH. Besides, the potential LBT blocking due to TA difference between FDM’d PUSCH/PUCCH and PRACH could be avoided.
Proposal 8: NR-U prioritizes the support of multiplexing between PRACH and PUSCH/PUCCH in a TDM manner, at least for initial access purpose.
5 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. 
Proposal 9: NR-U supports legacy comb-based waveform for SRS.
NR phase-1 defines three types of SRS, i.e., periodic, semi-persistent and aperiodic SRS. The SRS transmission occasion is semi-statically determined for P-SRS and SP-SRS, while it is relatively dynamic for AP-SRS by semi-statically configuring the slot offset between the DCI triggering the SRS resource set and the SRS transmission occasion.
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. In eLAA, periodic SRS is not supported. The necessity of P-SRS and SP-SRS on unlicensed band should be investigated with the consideration of all possible functionalities of SRS, e.g., for adaptive scheduling as well as DL beamforming/management. For AP-SRS, the SRS transmission occasion is more flexible, e.g., determined by the slot containing DCI triggering SRS and the offset as defined in NR phase 1, or can be determined by the slot in which UE also transmits a PUSCH or explicitly indicate by DCI as defined in eLAA. With either way, the SRS transmission occasion can dynamically change with the instant gNB accesses the channel. The detailed procedure for SRS transmission occasion can be further studied.         
In addition, more flexible RS transmission location may also need to be considered. In eLAA, SRS is placed in the last symbol of a subframe, and stand-alone AP-SRS is allowed only in DL ending partial subframe. In NR phase-1, SRS transmission can be over more than one symbol at the end of a slot, i.e., within the last 6 symbols of the slot. When PUSCH and SRS are transmitted in the same slot, the UE may be configured to transmit SRS after the transmission of the PUSCH and the corresponding DM-RS. On unlicensed band, the restriction of SRS location at the end of slot or after the PUSCH may not be desirable for efficient LBT. For example, if the duration of PUSCH is less than a slot and there is SRS occasion at the end of slot, there could be a gap between PUSCH and SRS transmitted by the same UE in which UE may lose the channel.  
Proposal 10: NR-U shall support more flexible SRS location than last 6 symbols of the slot, e.g., front-loaded SRS. 
6 Conclusions
The proposals made in this contribution are summarized below:
Proposal 1: NR-U should support DFT-s-OFDM for both legacy contiguous and interlace-based resource allocation. 
Proposal 2: NR-U supports at least legacy PUCCH format 2/3 with a sufficient number of contiguous PRBs to meet the minimum temporal allowance of 2MHz. 
Proposal 3: NR-U supports one short PUCCH based on PUCCH format 2 and one long PUCCH based on PUCCH format 3/4 with interlaced waveform for a variable UCI payload from 1 to thousands bits. 
Proposal 4: NR-U supports enhanced multiplexing capacity with extended CS and/or OCC in frequency/time domain.
Proposal 5: NR-U shall support short PRACH preamble formats only.
Proposal 6: Continuous-based waveform can be the preferred waveform option for NR-U PRACH.
Proposal 7: NR-U PRACH subcarrier spacing is preferred to be 30 kHz.
Proposal 8: NR-U prioritizes the support of multiplexing between PRACH and PUSCH/PUCCH in a TDM manner, at least for initial access purpose.
Proposal 9: NR-U supports legacy comb-based waveform for SRS.
Proposal 10: NR-U shall support more flexible SRS location than last 6 symbols of the slot, e.g., front-loaded SRS. 
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