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Introduction
It was agreed that PUSCH/PUCCH/PRACH/SRS should be studied in NR-U operation, and at lease block  interlaced waveform should be considered for PUCCH/PUSCH[1].
	[bookmark: _Ref494215420]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 PUSCH/PUCCH/PRACH/SRS in NR-U operation. 

Discussion
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this section, we discuss the potential design principle of PUSCH/PUCCH/PRACH/SRS in NR-U operation.
Interlace structure
In block-interlaced structure, two parameters need to be defined, including M and N. M is the number of interlaces and N is the nominal number of PRBs per interlace in a given bandwidth. For PRB-based interlaces, It has been identified 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 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.
As shown in the following table, RAN4 has defined the PRB number according to different BW. 
Table I. Maximum transmission bandwidth configuration NRB for frequency range 1 FR1 (450 – 6000 MHz)
	SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	[160]
	216
	270
	N/A
	N/A
	N/A

	30
	11
	24
	38
	51
	65
	[78]
	106
	133
	162
	217
	273

	60
	N/A
	11
	18
	24
	31
	[38]
	51
	65
	79
	107
	135



For 15KHz SCS, same M = 10 can be used in NR and LTE. However, compared with 100 PRB in 20MHz of LTE, there are 106 PRB distribution in 20MHz of NR. A general method can be adopted for this interlace structure, that is the first 6 interlaces contain 11 PRBs, and the last 4 interlaces contain 10 PRBs. It means N is the smallest PRB numbers contained in these interlaces, therefore N = 10. 
Therefore, in the 30KHz SCS case, M = 5, and N = 10 are used in the unified interlace structure. The first 1 interlaces contain 11 PRBs, and the last 4 interlaces contain 10 PRBs. 
So we propose:
Proposal 1. For 15KHz SCS, M =10, N =10. The first 6 interlaces contain 11 PRBs, and the last 4 interlaces contain 10 PRBs.
Proposal 2. For 30KHz SCS, M = 5, and N = 10. The first 1 interlaces contain 11 PRBs, and the last 4 interlaces contain 10 PRBs.
PUSCH
As stated in many contributions, interlaced based PUSCH can be beneficial, as easily satisfied OCB requirement. Compared with LTE LAA, a new feature is BWP operation which could be partial frequency resource within a carrier. So there are some new problems needed to consider.
Subband LBT and wideband PUSCH transmission
For the purpose of fair and effective coexistence, NR-U’s subbands should align with Wi-Fi with a granularity of 20M. Therefore, it is natural to consider BWP and subband for LBT as two decoupled concepts. The former one is semi-statically configured, and the latter one is probably predefined. However, in previous RAN-1 discussions the relation between subband and BWP is ambiguous, and detailed clarification is necessary for future studies.
Once UE knows the UL resources, it naturally knows the subbands that can cover those resources and shall execute LBT procedure on these subbands. In principle, there is no need to introduce any signaling for indicating the subbands for LBT. Moreover, for the consideration of better frequency utilization , it is better to restrict the starting and ending frequency resources of a specific BWP to be aligned with subband’s boundaries.
Observation 1. The relation between subband and BWP is ambiguous, and clarification is necessary. 
Proposal 3. No need to introduce any explicit/implicit indication for indicating uplink subbands needed for LBT procedure.
[bookmark: OLE_LINK3]Saving guard-bands is the major advantage by adopting single carrier wideband transmitting (SC-WBT). Currently, we have two basic LBT procedures for SC-WBT: Option-1. Wideband-LBT; Option-2. Multi-subband LBT.  Using Option-1, we may encounter the issue of very few transmission opportunities.  Even if only detecting interference in a very small frequency range, it may lead a denial for the whole bandwidth transmission. Meanwhile, some issue also arises by using Option-2. As shown in Figure.1, there are 4 subbands needed for LBT procedure. But it turns out only a subset of the subbands pass the LBT. If UE uses rate-matching method on the 3 LBT-success subband, the actual code-rate may be significantly increased and lead the uplink transmission unreliable at all. In fact, there are several solutions to solve this issue. First, from the perspective of implementation, gNB can a priori configure more uplink resources. Even if several subbands may fail in the LBT, the rest can still transmit in a reliable code-rate. Or, instead we can introduce certain mechanism to enable UE to drop the whole transmission if too many subbands fail to pass the LBT. Similar analysis can also be applied for puncture method. Too many puncturing resources may lead instability of uplink transmission, and we may need either more resources configured by gNB or a novel mechanism at UE-side.
[image: ]
Figure 1 –Illustrations for LBT on Single carrier wideband transmission
Proposal 4. Both rate matching and puncture methods should be considered on single carrier wideband transmissions.
Based on our analysis, the actual uplink code-rate may show great difference compared with the one gNB expected. Besides rate-matching and puncture method, we could also consider adaptive adjustment of uplink CBG numbers. So as to avoid severe code-rate fluctuation, the number of CBG to be transmitted could be proportional to the number of subbands with successful LBT. As a matter of fact, NR already supports UL CBG-based transmission, but not for initial transmission. For NR-U, it is beneficial to introduce CBG-based initial transmission, and the detailed procedures need to be studied.
Proposal 5. It is beneficial to introduce CBG-based initial transmission, and the relevant studies are needed.

PUCCH
5 PUCCH formats are introduced in Rel 15 NR. PUCCH formats 0 and 2 are short PUCCH durations, supporting 1 or 2 symbols. PUCCH formats 1, 3 and 4 are long durations with equal or more than 4 symbols. 
Considering PUCCH time domain duration, we think both short and long PUCCH should be supported, one can be used in the end of DL transmission and the other can be used in UL centered slot.  So at least two PUCCH formats can be supported. 
Proposal 6. NR-U should support at least PUCCH formats, short and long PUCCH.
In order to meet the regulatory restrictions on PSD and/or EIRP density as well as on transmission occupied channel BW, PUCCH has better to use similarly interlaced waveform as PUSCH. But one problem is how to determine the resource allocation for different PUCCH formats, as the interlaced PUCCH structure has increased the minimum resource allocation. 
PUCCH format 0/1/4
It only needs one RB configured for a PUCCH resource for PUCCH format 0/1/4. When interlaced structure is used, PUCCH can be repeated on interlaced frequency domain. But this leads to excessive resource consumption. 1 or 2 bits HARQ-ACK/SR can be carried on PUCCH format 0/1. But HARQ-ACK multiplexing should be more suitable in NR-U since when gNB access channel, it can transmit several PDSCH in multiple slots in order to use the channel as much as possible. And SR may be reported as a form of AUL similar as in LTE.
Proposal 7. NR-U does not support PUCCH format 0/1/4.
PUCCH format 2/3
PUCCH format 2/3 can report more than 2 bits UCI, but one is short PUCCH and the other is long PUCCH. We think both of PUCCH format 2/3 are needed for NR unlicensed: the short PUCCH 2 are suitable for short UCI transmissions at the end of DL burst while the long PUCCH formats 3 are needed to carry larger UCI payloads and/or to provide reasonable coverage for NR unlicensed with considerable UCI payload. If interlaced structure is used, PUCCH number of OFDM symbols may be selected by UE according to the payload size and configured PUCCH frequency resources, which is a change compared with fixed OFDM symbols and flexible frequency resource in Rel-15 NR.
Proposal 8. NR-U support PUCCH format 2/3.
Proposal 9. For NR-U, flexible number of PUCCH OFDM symbols and fixed frequency domain resources are used.

PRACH
Resource allocation of PRACH
One potential enhancement for PRACH in unlicensed band is multiple PRACH time domain occasion need to be supported rather than frequency domain resource. As we can see, random access preambles can be transmitted in the time resources given by the higher-layer parameter prach-ConfigurationIndex. And there are many time domain densities so that it can be configured to support multiple time occasions for preamble.
The frequency resources of preamble are given by the higher-layer parameter msg1-FrequencyStart and msg1-FDM. These two parameters give the start RB and numbers in frequency numbered in increasing order within the active uplink bandwidth part. So NR only support continuous frequency resource for preamble transmission. The second potential problem for PRACH in unlicensed band is whether subband LBT for wideband BWP will be used. In this case, wideband BWP may contains several subband bandwidth. If one or more partial subbands of active BWP are accessed channel, but some are not accessed. When frequency resources of random access preambles are only within one subband, it may block preamble transmission for LBT failure. A simply method is multiple sets of values should be configured for frequency resources of PRACH preamble.
Observation 2. Multiple transmission occasion of PRACH preamble in time domain has already supported in Rel-15 NR. 
Observation 3. Multiple distributed transmission of PRACH preamble in frequency domain should be supported in Rel-15 NR.
SRS
SRS can be transmitted wideband or frequency-selective subband in NR. Compared with LTE SRS and SRS in LAA, considering OCB regulatory requirements, only wide-band and BWP or 20MHz subband SRS could be supported in NR-U. So we propose:
Proposal 10. Rel-15 NR SRS can be used as a baseline and wide-band and BWP or 20MHz subband SRS could be supported in NR-U.
Conclusion
In the contribution, we discuss the PUSCH/PUCCH/PRACH/SRS in NR-U operation, and raise the proposals as follows.
Observation 1. The relation between subband and BWP is ambiguous, and clarification is necessary. 
Observation 2. Multiple transmission occasion of PRACH preamble in time domain has already supported in Rel-15 NR. 
Observation 3. Multiple distributed transmission of PRACH preamble in frequency domain should be supported in Rel-15 NR.
Proposal 1. For 15KHz SCS, M =10, N =10. The first 6 interlaces contain 11 PRBs, and the last 4 interlaces contain 10 PRBs.
Proposal 2. For 30KHz SCS, M = 5, and N = 10. The first 1 interlaces contain 11 PRBs, and the last 4 interlaces contain 10 PRBs.
Proposal 3. No need to introduce any explicit/implicit indication for indicating uplink subbands needed for LBT procedure.
Proposal 4. Both rate matching and puncture methods should be considered on single carrier wideband transmissions.
Proposal 5. It is beneficial to support UL CBG-based (re)transmission, and the relevant studies are needed.
Proposal 6. NR-U should support at least PUCCH formats, short and long PUCCH.
Proposal 7. NR-U does not support PUCCH format 0/1/4.
Proposal 8. NR-U support PUCCH format 2/3.
Proposal 9. For NR-U, flexible number of PUCCH OFDM symbols and fixed frequency domain resources are used.
Proposal 10. Rel-15 NR SRS can be used as a baseline and wide-band and BWP or 20MHz subband SRS could be supported in NR-U.
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