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Introduction
This document discusses the following NR-U UL aspects:
Block interlaced PUSCH
· Flexible starting point due to LBT
· Resource allocation scheme in frequency domain
Block interlaced PUCCH
SRS enhancement

Discussion on block interlaced PUSCH
Discussion on flexible starting point due to LBT
NR-U TR mentions the following discussion related to the PUSCH starting point:
	The following options have been identified as possible candidate at least for the first PUSCH(s) transmitted in the UL transmission burst.
-	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. 
It is noted that for above options, the ending position of the PUSCH is fixed as indicated by the UL grant.



We propose Option 1 only. We understand Option 2 is resource-efficient as the PUSCH partial slot can start immediately after LBT pass when LBT frequently fails. However, our position is that the grant-based PUSCH is sent in gNB shared COT with LBT cat 1 or 2 to simplify the gNB reception process and receiver side (at gNB) LBT assurance. On this assumption, the possibility of LBT failure would be low, and then the gain from option 2 seems marginal.

Even if the gain from Option 2 is important, further discussion on the following aspects are needed to support this option:
How gNB detect the PUSCH starting point without the knowledge of the UE LBT’s situation 
Whether puncture or perform rate-matching related to the part of PUSCH before LBT pass.
Taking account of the standardization effort, to support option 1 is reasonable.
[bookmark: PUSCH_starting]Proposal 1:	For grant-based PUSCH, NR-U supports the same starting points only as in Rel-15 NR (i.e. support Option 1 only).

PUSCH resource allocation scheme in frequency domain
In LAA, PRB-based block-interlace design is applied for PUSCH transmission and, uplink resource allocation type 3 is used as the PUSCH resource allocation. The uplink resource allocation type 3 can allocate the interlace resource of 100 PRBs at maximum. The resource allocation field in UL grant consists of a resource indication value (RIV). The RIV uniquely corresponds to the starting PRB in a cluster and continuous allocation length in a cluster. The RIV is indicated within a cluster, and it is applied to all clusters.

Similar scheme can be applied in NR-U. However, NR-U supports operating bandwidth of 20 MHz or more (e.g. 80MHz). Further, indicating the resource of 20MHz or more by one DCI has been discussed in RAN1. If the interlace allocation indicated by one RIV is always applied to all the clusters in the operating band, the number of PRBs per UE increase. It is inefficient for UE with only small data. Also, in the case of cell edge UE, transmission power may be limited.

Therefore, in addition to the interlace allocation by RIV within cluster like LAA, which cluster or which 20MHz sub-band units are applied should be indicated as Figure 1. Such indication can be another RIV or additional bitmap.

[bookmark: PUSCH_RA_F]Proposal 2:	For PUSCH resource allocation scheme in frequency domain, in addition to the interlace allocation by RIV within cluster like LAA, which cluster or which 20MHz sub-band units should be indicated.


[bookmark: _Ref974039]Figure 1　Resource allocation scheme

Discussion on block interlaced PUCCH
PUCCH format for block interlace
In NR-U WID [1], extension of PUCCH format(s) to support PRB-based frequency block-interlaced transmission is mentioned. This section discusses whether/how to down-select NR Rel-15 PUCCH formats to enhance for NR-U.

Whether to down-select NR PUCCH formats for NR-U
As none of the NR Rel-15 PUCCH formats support interlaced mapping, the enhancement is needed to use any format for NR-U. Taking account of the limited time unit for the WI, to enhance all the formats is difficult. Hence, we propose to down-select PUCCH formats.

Some companies point out the RAN2 spec impact to modify the legacy specifications referring to the certain PUCCH formats, if the formats are not supported in NR-U.

For this issue, we propose to define association between the available PUCCH formats for NR-U and the ones referred by the legacy specifications, so that the NR-U UE can interpret to use the available formats even when precluded formats are referred in NR-U. The effort and the spec impact are relatively small with this method, compared with that RAN1 enhances all the formats. The actual association should be discussed after the down-selection of the formats.

[bookmark: PUCCH_downselect]Proposal 3:	RAN1 down-selects NR Rel-15 PUCCH formats to enhance for NR-U.
Proposal 4:	RAN1 defines the association between the available PUCCH formats and the ones referred by the legacy specifications.

How to down-select NR PUCCH formats for NR-U
	Enhanced PUCCH format for large payload size
For NR-U, HARQ A/N transmission on the indicated resource may be impossible due to LBT failure. To support PUCCH format which can carry large payload size is beneficial to feedback A/N as much as possible within the limited COT. 

At least NR PUCCH format 2 and 3 would be beneficial as large amount of NR-U UCI can be transmitted. The PUCCH format 2 is beneficial for short transmission duration although it doesn’t support as much payload as the format 3. As PUCCH format 2 and 3 supports only contiguous mapping, the enhancement to map on interlace or partial interlace is necessary.

[bookmark: PUCCH_23]Proposal 5:	Enhance NR Rel-15 PUCCH format at least 2 and 3, for NR-U.

Enhanced PUCCH format for multi-user CDM capability
Aside from the large payload size, CDM capability should be considered. As PUCCH format 2/3 are not capable of CDM, format 0 or 4 should be considered for this purpose. We think down-selection is needed as stated above, but not support both.

For down-selection, the following aspects on each format should be considered and discussed:
PUCCH format 0 can carry 1-2 bit UCI without zero-padding or extended encoder.
PUCCH format 4 can carry more UCI payload size than format 0 (but not as much as the format 2 or 3). It cannot carry 1-2 bit UCI without enhancement.
Both formats support only single-PRB mapping, therefore, enhancement for multiple PRB mapping is required to meet the OCB requirement in unlicensed band.

NR PUCCH format 1 may be deprioritized as NR-U cell coverage may not be so large.

[bookmark: PUCCH_014][bookmark: less][bookmark: small]Proposal 6:	Down-select NR Rel-15 PUCCH format 0 or 4 to enhance for NR-U as well as format 2 and 3.
Proposal 7:	Do NOT enhance NR Rel-15 PUCCH format 1 for NR-U.
[bookmark: _GoBack]
Transmission timing
This chapter is the update from [2].

For NR-U, there are multiple types of COT. One is the gNB-shared COT and the other one is UE-initiated COT. It has been identified beneficial that HARQ-A/N for the corresponding data is sent in the same gNB-shared COT. We propose that HARQ-A/N over PUCCH for the separated COT is also sent in the gNB-shared COT only but not in UE-initiated COT.

Increased opportunity
In the gNB-shared COT, if the switching gap between DL and UL is less than 16 us, LBT before UL transmission can be omitted. Therefore, the opportunity to transmit the UCI indicated by DCI can be relatively increased. This can help to fast feedback HARQ-A/N. On the other hand, for UE-initiated COT, LBT is necessary before UL transmission. Then the feedback can be delayed.

Increased multi-user CDM/FDM feasibility
As stated above, if LBT before UL can be omitted in the gNB-shared COT, the time domain position of each user’s UL transmission can be aligned. Therefore, multi-user CDM/FDM of PUCCH can be realized. This is also beneficial for the fast UCI feedback. On the other hand, for UE-initiated COT, the LBT with randomized contention time is required for each UE. Therefore, the timing position of each UE’s UL may not be aligned.

Similarly, to send CSI reporting on PUCCH within gNB-shared COT is useful to allow flexible resource allocation of PUCCH. This can be enabled by group-PDCCH based trigger of CSI report on PUCCH. We propose such PUCCH report on gNB-shared COT and we call it as aperiodic PUCCH. In addition to such aperiodic PUCCH, to have CSI report over PUCCH in UE-initiated COT may or may not be beneficial. These aspects should be studied further.

For the reasons above, we would propose the following:
[bookmark: COT]Proposal 8:	For NR-U, HARQ-A/N over PUCCH should be transmitted in gNB-shared COT only. 
Proposal 9:	For NR-U, CSI report over PUCCH triggered by group based PDCCH in gNB shared COT should be supported.

[bookmark: RACH_L]Discussion on SRS
This chapter is the resubmission of [2].

SRS periodicity
In LTE eLAA, only aperiodic SRS is supported. For NR-U also, aperiodic SRS should be supported as it is efficient that aperiodic SRS in COT is requested by gNB on demand. Periodic / semi-persistent SRS may not be resource-efficient as available time resource by COT is limited compared with license-based operation.

[bookmark: SRS_period]Proposal 10:	Only aperiodic SRS is supported for NR-U.

SRS with/without PUSCH
[bookmark: _Hlk534891941]In LTE eLAA, both SRS with and without PUSCH are supported. For NR-U also, both SRS should be supported to increase the opportunity of sounding. Further, SRS without PUSCH can be useful to fill the gap between the transmissions if the continuous TDM of UL transmissions from multiple UEs is allowed by the regulation. For example, when UL data is absent, SRS may be sent during the preparation time for the HARQ feedback.

[bookmark: SRS_PUSCH]Proposal 11:	Both SRS with and without PUSCH are supported for NR-U.

SRS frequency domain resource
In NR Rel-15, SRS with and without frequency hopping are supported. SRS without frequency would be mapped to cover whole BWP to sound it once. SRS with frequency hopping was designed for the PSD boosting.

For single 20 MHz sub-band on NR-U, SRS without hopping would be sufficient and beneficial to sound the whole sub-band within the limited sounding opportunity and to meet the wide OCB requirement. On the other hand, SRS with hopping may not be beneficial as it may not bring the benefit of power boosting due to PSD regulation on unlicensed band.

SRS frequency resource across multiple 20 MHz sub-bands can be discussed after how to allocate SRS to multiple sub-bands is concluded in agenda 7.2.2.2.5.

[bookmark: SRS_hopping]Proposal 12:	SRS without frequency-hopping is supported on single 20 MHz sub-band for NR-U.

SRS time domain resource
In NR Rel-15, SRS can be mapped on the last 6 symbols only of a slot. For NR-U, we propose that SRS can be transmitted in any symbols of a slot so that it can fill the gap between the transmissions if the continuous TDM of UL transmissions from multiple UEs is allowed by the regulation, as stated above.

[bookmark: SRS_symbol]Proposal 13:	Support SRS transmission in any symbols of a slot for NR-U if the continuous TDM of UL transmissions from multiple UEs is allowed by the regulation.

Association between SRS and beam/antenna
In NR Rel-15, SRS can be associated with analog beam and antenna in order to support the beam management. The association between SRS and beam/antenna would be:
Each SRS resource can be associated with beam/antenna by UE.
SRS request field can indicate the SRS resource for beam measurement.
Based on the SRS measurement, SRI can indicate the SRS resource associated with the good beam(s) for PUSCH transmission.
For NR-U, this association can be the baseline. The required enhancement on this should be further discussed.

[bookmark: SRS_beam]Proposal 14:	NR Rel-15 is the baseline for the association between SRS and beam/antenna.

Conclusion
For NR-U block interlaced PUSCH, we would propose the following:
Proposal 1:	For grant-based PUSCH, NR-U supports the same starting points only as in Rel-15 NR (i.e. support Option 1 only).
Proposal 2:	For PUSCH resource allocation scheme in frequency domain, in addition to the interlace allocation by RIV within cluster like LAA, which cluster or which 20MHz sub-band units should be indicated.

For NR-U block interlaced PUCCH, we would propose the following:
Proposal 3:	RAN1 down-selects NR Rel-15 PUCCH formats to enhance for NR-U.
Proposal 4:	RAN1 defines the association between the available PUCCH formats and the ones referred by the legacy specifications.
Proposal 5:	Enhance NR Rel-15 PUCCH format at least 2 and 3, for NR-U.
Proposal 6:	Down-select NR Rel-15 PUCCH format 0 or 4 to enhance for NR-U as well as format 2 and 3.
Proposal 7:	Do NOT enhance NR Rel-15 PUCCH format 1 for NR-U.
Proposal 8:	For NR-U, HARQ-A/N over PUCCH should be transmitted in gNB-shared COT only. 
Proposal 9:	For NR-U, CSI report over PUCCH triggered by group based PDCCH in gNB shared COT should be supported.

For NR-U SRS, we would propose the following:
Proposal 10:	Only aperiodic SRS is supported for NR-U.
Proposal 11:	Both SRS with and without PUSCH are supported for NR-U.
Proposal 12:	SRS without frequency-hopping is supported on single 20 MHz sub-band for NR-U.
Proposal 13:	Support SRS transmission in any symbols of a slot for NR-U if the continuous TDM of UL transmissions from multiple UEs is allowed by the regulation.
Proposal 14:	NR Rel-15 is the baseline for the association between SRS and beam/antenna.
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Appendix - Agreements from past meetings
The following UL aspects for NR-based Access to Unlicensed Spectrum (NR-U) were captured in NR-U TR [3]:
	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. One identified benefit is better link budget with given PSD constraint. However, it has been observed that power boosting gains decrease with increasing SCS. Another identified benefit is as one option to efficiently meet the occupied channel bandwidth requirement. Compared with sub-PRB interlace design, the PRB-based block-interlace design has comparatively less specification impact.
For sub-PRB block interlace designs, in some scenarios, sub-PRB block interlacing can be beneficial in terms of power boosting. However, the sub-PRB block interlace design has at least the following specification impacts: Reference signal design (e.g., DMRS); Channel estimation aspects; Resource allocation.
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
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.
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. 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.
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)

	SCS
	M
	N

	15 kHz
	12
	8 or 9

	
	10
	10 or 11

	
	8
	13 or 14

	30 kHz
	6
	8 or 9

	
	5
	10 or 11

	
	4
	12 or 13

	60 kHz
	4
	6

	
	3
	8

	
	2
	12

	60 kHz (if 26 PRBs is supported in a 20 MHz bandwidth)
	4
	6 or 7

	
	2
	13

	
	3
	8 or 9



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).
Additional candidates have been identified, but consensus has not been achieved, e.g., (1) for carriers with bandwidth larger than 20 MHz, retain the same number of PRBs per interlace (N) for all interlaces regardless of carrier BW; (2) Partial interlace allocation. Detailed design can be further discussed when specifications are developed taking RF aspects into account.



The following UL aspects for NR-U are captured in NR-U WID [1]:
	-	UL control including extension of PUCCH format(s) to support PRB-based frequency block-interlaced  transmission and use of Rel-15 NR PUCCH formats 2 and 3 for NR-U operation. Applicability of sub-PRB frequency block-interlaced transmission for 60kHz to be decided by RAN1.
-	UL data channel including extension of PUSCH to support PRB-based frequency block-interlaced transmission; support of multiple PUSCH(s) starting positions in one or multiple slot(s) depending on the LBT outcome with the understanding that the ending position is indicated by the UL grant; design not requiring the UE to change a granted TBS for a PUSCH transmission depending on the LBT outcome. The necessary PUSCH enhancements based on CP-OFDM. Applicability of sub-PRB frequency block-interlaced transmission for 60kHz to be decided by RAN1. 
-	SRS including the introduction of additional flexibility in configuring/triggering SRS in line with agreements during the study phase.



The agreements from RAN1 AH-1901 [4]:
	Agreement:
For interlace transmission of at least PUSCH and PUCCH, the following PRB-based interlace design is supported for the case of 20 MHz carrier bandwidth:
a.	15 kHz SCS: M = 10 interlaces with N = 10 or 11 PRBs / interlace
b.	30 kHz SCS: M = 5 interlaces with N = 10 or 11 PRBs / interlace
Note: PRACH design to be considered separately, including multiplexing aspects with PUSCH and PUCCH

Working assumption:
· For a given SCS, the following interlace design is supported at least for PUSCH:
· 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: Interlace design for PUCCH for bandwidths greater than 20 MHz
· FFS: Whether and how partial interlace allocation is supported
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