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1 Introduction
In the last RAN1 meeting [1], the following agreements for UL signals/channels were made: Agreement:
· For scenarios in which a block-interlaced waveform is used for PUCCH/PUSCH, it has been identified that from FDM-based user-multiplexing standpoint it can be beneficial to have UL channels on a common interlace structure, at least for PUSCH, PUCCH, associated DMRS, and potentially PRACH
· Note: This is only from a user-multiplexing perspective. Other aspects of PRACH design need to be considered, i.e., timing estimation accuracy, miss detection rate, PAPR, RACH capacity, transmission power
· For scenarios in which a contiguous allocation for PUSCH and PUCCH is used, it is beneficial to use contiguous resource allocation for PRACH
· FFS: Potential LBT blocking due to TA difference between FDM’d PUSCH, PUCCH, and PRACH

Agreement:
· For scenarios in which a block-interlaced waveform is used for UL transmission, a PRB-based block-interlace design has been identified as beneficial at least for 15 and 30 kHz SCS, and potentially for 60 kHz SCS
· Link budget limited cases with given PSD constraint
· It is observed that power boosting gains decrease with increasing SCS
· As one option to efficiently meet the occupied channel bandwidth requirement
· Comparatively less specification impact than Sub-PRB interlace design 
· Design for 60 kHz requires further discussion, e.g., sub-PRB vs. PRB-based block interlace designs
· The following has been observed for sub-PRB block interlace designs
· In some scenarios sub-PRB interlacing can be beneficial in terms of power boosting
· FFS: scenario details, e.g., small resource allocations
· Sub-PRB interlace design has at least the following specification impact:
· Reference signal design (e.g., DMRS)
· Channel estimation aspects
· Resource allocation
Agreement:
· It has been identified as beneficial to support a block-interlaced structure in which the number of interlaces (M) decreases with increasing SCS, and the nominal number of PRBs per interlace (N) is similar for each SCS (in a given bandwidth) at least for 15 and 30 kHz SCS, and potentially 60 kHz depending on supported interlace design
· FFS: M and N for each supported SCS
· FFS: 60 kHz in case a sub-PRB interlace is introduced
Agreement:
· From a RAN1 perspective it has been identified that supporting a non-uniform interlace structure in which the number of PRBs per interlace is allowed to be different for different interlaces is beneficial from a spectrum utilization point of view
· FFS: Exact number of PRBs per interlace for supported value(s) of M and N
· Note: M is the number of interlaces and N is the nominal number of PRBs per interlace in a given bandwidth
· FFS: Whether or not there are issues in the interlace design in the resource allocation to 2^n1*3^n2*5^n3 in the case of DFT-s-OFDM



























This contribution discusses the details of the agreed study points and other aspects related to the UL signal and channels for NR-U, with respect to sub-7 GHz unlicensed spectrum only, including PUSCH, PUCCH, PRACH and SRS design. 
2 PUSCH
In last meeting, it has been identified that a PRB-based block-interlace design has been identified as beneficial at least for 15 and 30 kHz SCS, and further study PRB or sub-PRB for 60KHz SCS. On one hand, sub-PRB provides larger multiplexing capacity and transmission power efficiency for the small resource allocation case, because of larger number of interlaces M. However, the benefit vanishes if a UE requires more than one interlace. On the other hand, channel estimation performance degrades due to less number of DMRS samples per PRB, and inter-cell interference randomization of DMRS is decreased. Furthermore, 60KHz SCS is not prominent for all use cases. In the last meeting, it was agreed to be identified beneficial to support using the same numerology for all DL signals and channels at least for standalone operation, and it is further identified beneficial to support using the same numerology for all DL and UL signals and channels for standalone operation in [2]. According to the analysis in [3], 30KHz for SS/PBCH block as well as other DL channels is sufficient for standalone operation and 60 KHz can be considered as one of the candidate SCSs for non-standalone operation. The similar observation is made for PRACH (as described in section 4 below) and other UL channels. Thus, there is no significant necessity to support an extra waveform of sub-PRB-based interlace for non-standalone case which complicates the whole system design and requires great standard effort. 
Proposal 1: 30KHz shall be supported as the SCS for all UL channels at least for standalone case. 60KHz SCS, especially a dedicated design of sub-PRB based interlace should be deprioritized unless well justified.
For PRB-based interlace, the determination of the number of interlaces M and the nominal number of PRBs per interlace N should consider the following aspects,  

· Efficient transmission power 
On one hand, to minimize the power restriction caused by PSD, the distance between two PRBs of one interlace should be as large as the PSD measurement granularity (1 MHz). On the other hand, too large distance between two PRBs leads to a small number PRBs per interlace which also reduces the maximum total transmit power.  
· Sufficient multiplexing capacity 
The distance between two PRBs per interlace determines the multiplexing capacity. The larger the distance, the larger the number of interlaces which represents the multi-user multiplexing capacity.   
· Multiplexing with different UL channels 
Multiplexing different UL channels by different interlaces is beneficial for UL resource efficiency. However, considering quite different design principle for PRACH, multiplexing between PRACH and PUSCH/PUCCH in TDM manner is more clean and simpler (as described below). 
· Scalable for different bandwidth 
In NR, the bandwidth part (including subcarrier spacing) is UE-specifically configured. gNB may have to multiplex UEs with different bandwidth in a carrier. In addition, with the introduction of sub-band LBT as discussed in [3], the actual transmission bandwidth may vary from slot to slot depending on LBT result. Therefore, the design should enable nested/scalable interlace for multiple bandwidths to avoid partial blocking between UEs with different bandwidth or different subcarrier spacing. 
· Easy DFT implementation 
Similar as DFT-S-FDMA in LTE and NR phase-1, the number of allocated PRBs per UE should be the integer of 2, 3 or 5 for easy DFT implementation. 
As identified in last meeting, supporting a non-uniform interlace structure in which the number of PRBs per interlace is allowed to be different for different interlaces is beneficial from a spectrum utilization point of view. It has been identified as beneficial that M decreases with increasing SCS, and N is similar for each SCS. For 20MHz with 15KHz SCS, 106 PRBs can be divided into M=12 interlaces wherein 10 interlaces with N=9 PRBs and 2 interlaces with N=8 PRBs as shown in Figure 1. To keep the similar number of N for 30KHz SCS, 51 PRBs can be divided into M=6 interlaces wherein 3 interlaces with N=9 PRBs and 3 interlaces with N=8 PRBs as shown in Figure 2. For 60KHz SCS, 24 PRBs can be divided into M=3 interlaces wherein all interlaces are N=8 PRBs as shown in Figure 3. 





Figure 1. 15KHz SCS           Figure 2. 30KHz                 Figure 3. 30KHz                      
Furthermore, the distance between PRBs of a interlace in different 20MHz sub-band may be non-even, because of the non-uniform interlace within a sub-band as well as unsalable total number of PRBs of different bandwidth. For example, the total number is 106 for 20MHz, while 216 for 40MHz which is not exactly two times of 20MHz. The overall transmission power efficiency as well as the multiplexing capacity is determined by the minimum distance between PRBs of the interlace.  
Proposal 2: NR-U interlace parameters (M,N) should take efficient transmission power, sufficient multiplexing capacity, scalability/compatibility for numerologies and easy DFT implementation into account. 
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. 
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 re-designing the existing single-PRB PUCCH format 0/1 for NR-U to meet the OCB and PSD requirement (the multiplexing capacity should also be enhanced). 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. 
Currently, it is not clear whether existing continuous PUCCH waveform could fulfil the OCB requirement which may 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 need to further investigate the corresponding regulations. 
If legacy continuous PUCCH waveform cannot work properly, the PUCCH resource should exactly spread over the whole active BWP. For CP-OFDM based PUCCH format 2, simply scattering RBs over the active BWP by proper resource allocation may be sufficient. For DFT-based PUCCH format 3 and 4, similar interlaced waveform should be studied. For the sake of efficient multiplexing between different UL channels, the common design for these UL channels would be desirable.
For any PUCCH format in NR-U, the mechanism to increase the multiplexing capacity per interlace would be needed. In NR phase-1, PUCCH forma 4 is single PRB with configurable multiplexing capacity of 2 or 4. In NR-U, tens of PRBs of one interlace would be too wasted for just 2 or 4 UEs with small and medium UCI payload. For PUCCH format 2 and 3, though one UE may need the whole interlace or even more than one interlace for some extreme case, e.g., very large UCI payloads of several hundred or more than a thousand bits, only supporting one UE over a single interlace is still wasteful for most use cases. At least 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. 
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 PUCCH format 2 for short PUCCH duration and 3/4 for long PUCCH duration.
4 PRACH
As agreed in previous meetings, support for Rel-15 NR PRACH formats can be considered, and exclusion of certain formats can be identified. 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 3km with 15 kHz PRACH SCS. Therefore, NR-U can focus on supporting the short PRACH preamble formats only.
Proposal 4: NR-U shall support short PRACH preamble formats only.
The PRACH waveform design depends on the unlicensed regulation. Despite the OCB requirement, the 5 GHz unlicensed regulation [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, one option for the NR-U PRACH waveform is to 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 5: 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, the 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 facts that LBT design for PRACH [3] [4] is more important in achieving a faster PRACH transmission in unlicensed bands than the duration of PRACH itself, and that 30 kHz PRACH SCS can also provide good compensation for the PSD limit and OCB requirement; it is therefore preferred to support 30 kHz SCS for NR-U PRACH, and 60 kHz SCS shall 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 6: NR-U PRACH subcarrier spacing is preferred to be 30 kHz, and 60 kHz shall be deprioritized unless well justified.
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, while multiplex PRACH and PUSCH/PUCCH in a TDM manner. Since PRACH and PUSCH/PUCCH are separated in time domain, the resource allocation is much easier when different waveforms (continuous and interlaced) 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 7: NR-U prioritizes the support of multiplexing between PRACH and PUSCH/PUCCH in a TDM manner, at least for initial access purpose.
5 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.  
SRS waveform should also meet OCB requirement. Both NR phase-1 and LTE eLAA supports wideband SRS. A single SRS waveform based on Wideband SRS providing good SRS detection performance, SRS multiplexing capacity (up to 4 combs and 12 CSs) and OCB is sufficient for NR-U. Wideband SRS can be multiplexed with other UL channels in a TDM manner. 
Proposal 8: NR-U shall study wideband SRS and the time-domain behavior of SRS resource configuration (P/SP/AP-SRS).
6 [bookmark: _GoBack]Conclusions
The proposals made in this contribution are summarized below:
Proposal 1: 30KHz shall be supported as the SCS for all UL channels at least for standalone case. 60KHz SCS, especially a dedicated design of sub-PRB based interlace should be deprioritized unless well justified.
Proposal 2: NR-U interlace parameters (M,N) should take efficient transmission power, sufficient multiplexing capacity, scalability/compatibility for different numerologies and easy DFT implementation into account. 
Proposal 3: NR-U supports PUCCH format 2 for short PUCCH duration and 3/4 for long PUCCH duration.
Proposal 4: NR-U shall support short PRACH preamble formats only.
Proposal 5: Continuous-based waveform can be the preferred waveform option for NR-U PRACH.
Proposal 6: NR-U PRACH subcarrier spacing is preferred to be 30 kHz, and 60 kHz shall be deprioritized unless well justified.
Proposal 7: NR-U prioritizes the support of multiplexing between PRACH and PUSCH/PUCCH in a TDM manner, at least for initial access purpose.
Proposal 8: NR-U shall study wideband SRS and the time-domain behavior of SRS resource configuration (P/SP/AP-SRS).
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