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Introduction
This document discusses the following NR-U UL aspects:
Block interlaced mapping
Block interlaced PUCCH
SRS

Discussion on block interlaced waveform
[bookmark: NCB40]Sub-PRB based interlace
This sub-section is the resubmission of [1].

In NR-U TR, sub-PRB based interlace has been identified beneficial at least for power boosting, but the specification impact on DMRS design has been concerned. We further discuss the relationship between sub-PRB based interlace and DMRS design.

In order to estimate the channel of each sub-PRB, it is necessary that at least one pair of CDMed DMRS for each DMRS port is included in each sub-PRB. Furthermore, it is desired that NR Rel-15 DMRS configuration is reused in order to reduce standardization efforts. As discussed below, some limitations are needed to utilize NR DMRS for NR-U sub-PRB-based mapping.

The Figure 1 (a) shows the example of NR DMRS configuration type 1 and sub-PRB based mapping. In this configuration type, the pairs of CDMed DMRS for each DMRS port are mapped with the interval of 4 REs. Therefore, the channel estimation is possible within each 4 consecutive REs {#0-#3, #4-#7, #8-#11} in each PRB for all the antenna ports. Namely, the sub-PRB size is 4 REs.

The Figure 1 (b) shows the example of NR DMRS configuration type 2 and sub-PRB based mapping. In this configuration type, the pairs of CDMed DMRS for each DMRS port are mapped with the interval of 6 REs. Therefore, the channel estimation is possible within each 6 consecutive REs {#0-#5, #6-#11} in each PRB for all the antenna ports. Namely, the sub-PRB size is 6 REs.

Conversely, considering the channel estimation, it would be difficult to have the other sub-PRB than 4 or 6 REs for NR DMRS configuration type 1 or 2, respectively. Therefore, it would be necessary to have the limitation when sub-PRB based mapping is applied.
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	(a) DMRS configuration type 1
	(b) DMRS configuration type 2


[bookmark: _Ref525721251]Figure 1 NR DMRS configuration on sub-PRB-based mapping

Based on the discussion above, we propose the following:
[bookmark: DMRS][bookmark: subPRB]Proposal 1:	Sub-PRB-based interlaced mapping is supported with the following limitations:
· The sub-PRB size is 4 or 6 REs.
· If the sub-PRB size is 4 REs, the DMRS configuration type 1 only is used.
· If the sub-PRB size is 6 REs, the DMRS configuration type 2 only is used.

Partial interlace
This sub-section is the resubmission of [2]

For resource allocation based on the interlace structure, the minimum allocation size for a UE is the number of PRBs included in one interlace (=N). If the needed resource size is less than that, the allocation of part of PRBs included in one interlace can be beneficial for flexible resource allocation because the remaining PRBs can be allocated to the other UEs.

For example, in figure, some PRBs on interlace #0 are allocated to UE#0 while the others are allocated to UE#1.
[image: ]
Figure 2 Partial interlace

However, it can be issue that the OCB by each UE is narrow as it is unclear whether ETSI OCB regulation of 80% of NCB [3] could be fulfilled by multiple devices (the blue arrow) or not. In order to have frequency diversity and to satisfy ETSI OCB regulation, the allocation should be VRB based mapping, although still some study on the regulation aspect is useful.

Based on the discussion above, we would propose as follows.
[bookmark: partial]Proposal 2:	NR-U PUSCH allocation on the partial interlace (subset of PRBs belonging to an interlace) is supported by VRB based mapping. Following aspect should be further studied.
Flexibility and signalling on resource allocation
ETSI regulation that OCB > 80% of NCB

Interlace for wideband operation
This sub-section is the resubmission of [2]

For NR-U wideband operation on multiple 20 MHz sub-bands, 2 alternatives are identified as stated in NR-U TR [4]: 
	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 Figure 3 shows an example for 30 kHz SCS (maximum 51PRBs for 20 MHz) and M=6.
[image: ]
[bookmark: _Ref528687416]Figure 3 interlace for wideband

For wideband operation, there are 2 possible operation cases. One is the CA operation of multiple 20 MHz CCs and another is the single wideband CC operation.

For the CA operation of multiple 20 MHz CCs, we would propose Alt-2. Alt-1 can be beneficial for power boosting of PUSCH transmission when resource allocation size is small because the resource is always allocated in regular interval in frequency. However, it may increase the scheduling complexity as the number of PRBs (=N) in same interlace index can differ by sub-band. In that sense, Alt-2 can be beneficial for simple resource allocation for each sub-band. Also, gNB can allocate interlaces in each CC so that allocated PRBs are mapped on regular interval in frequency. For example, gNB can allocate interlace #0 on 1st 20MHz sub-band and #3 on the 2nd sub-band.

[bookmark: wideband]Proposal 3:	For the CA operation of multiple 20 MHz CCs, define interlace structure on a sub-band basis (Alt.2).

For wideband CC operation, agenda 7.2.2.2.5 discuss BWP and CCA relations. Depending on the outcome, how resource allocation in PDCCH can be realized can be different. Therefore, we should wait the conclusion on wideband operation.

[bookmark: wideband_oneCC]Proposal 4	For one wideband CC operation occupying multiple 20 MHz sub-bands, to wait the progress of wideband operation agenda 7.2.2.2.5.

Resource allocation/mapping for interlaced allocation with DFT precoding
For NR Rel-15 UL DFT-S-OFDM, the number of PRBs shall be the product of the {2, 3, 5} in order to mitigate the computational complexity of DFT. If interlaced waveform with DFT precoding is used, the similar limitation could be required.

In RAN1 #94bis, the possible non-uniform interlace structures are identified. For example on 15 kHz SCS, the 106 PRBs can be divided into M=12 interlaces some of which include N=9 PRBs and the others include N=8 PRBs.

The potential issue here is, the total allocation size might not be the product of {2, 3, 5} if the resource allocation/indication is based on the interlace indexes as well as LAA. For example, allocation of one N=9 interlace and one interlace N=8 results total 17 PRBs allocation. For another example, allocation of one or multiple N=11 interlace results total 11, 22, 33, … PRBs allocation. These allocations increase DFT complexity and we propose that it should be avoided.

The resource allocation method would be specified for NR-U block interlaced UL with DFT precoding. If this method is flexible enough, those allocation which increase DFT complexity can be avoided. If not avoidable, the following method would be discussed (but we recommend it is discussed after the discussion of resource allocation method):
· Not support those allocation which increase DFT complexity
· Adjust the actual mapping at UE side

Based on the discussion above, we would propose the following:
[bookmark: DFT]Proposal 5:	The number of PRBs (subcarriers) before DFT precoding shall be only the product of {2, 3, 5} for NR-U also.

Discussion on block interlaced PUCCH
This chapter is the update from [2].

PUCCH format for block interlace
In NR-U WID [5], extension of PUCCH format(s) to support PRB-based frequency block-interlaced transmission is mentioned. In this section, NR PUCCH formats 0, 2 and 3 are identified to be the baseline.

	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. 

NR PUCCH format 2 and 3 would be beneficial as large amount of NR-U UCI can be transmitted. NR PUCCH format 4 may be deprioritized as the payload size of this format is limited at the cost of UE multiplexing and due to only 1 PRB allocation.

As PUCCH format 2 and 3 supports only contiguous mapping, the enhancement to map on interlace or partial interlace is necessary.

Enhanced PUCCH format for small payload size
As well as the large payload, the PUCCH format for small payload size should be supported for scheduling flexibility. For UCI payload size with 1-2 bits, NR PUCCH format 0 can be the candidate for NR-U while NR PUCCH format 1 may be deprioritized as NR-U cell coverage may not be so large.

As NR PUCCH format 0 occupies 1 PRB only, it should be enhanced to map on interlace or partial interlace. We propose that the enhanced format 0 is mapped across multiple PRBs. Additionally, in order to mitigate the inter-cell interference, different cyclic shifts and base sequence per PRB should be applied.

[bookmark: less]Based on the discussion above, we would propose as follows.
[bookmark: large][bookmark: small]Proposal 6:	NR-U enhances NR PUCCH format 0, 2 and 3 to map on interlace and partial interlace structure.
Proposal 7:	Enhanced NR PUCCH format 0 is mapped across multiple PRBs, and different cyclic shifts and base sequence per PRB are applied.
Transmission timing
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
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 interlaced waveform, we would propose the following:
Proposal 1:	Sub-PRB-based interlaced mapping is supported with the following limitations:
· The sub-PRB size is 4 or 6 REs.
· If the sub-PRB size is 4 REs, the DMRS configuration type 1 only is used.
· If the sub-PRB size is 6 REs, the DMRS configuration type 2 only is used.
Proposal 2:	NR-U PUSCH allocation on the partial interlace (subset of PRBs belonging to an interlace) is supported by VRB based mapping. Following aspect should be further studied.
Flexibility and signalling on resource allocation
ETSI regulation that OCB > 80% of NCB
Proposal 3:	For the CA operation of multiple 20 MHz CCs, define interlace structure on a sub-band basis (Alt.2).
Proposal 4	For one wideband CC operation occupying multiple 20 MHz sub-bands, to wait the progress of wideband operation agenda 7.2.2.2.5.
Proposal 5:	The number of PRBs (subcarriers) before DFT precoding shall be only the product of {2, 3, 5} for NR-U also.

For NR-U PUCCH, we would propose the following:
Proposal 6:	NR-U enhances NR PUCCH format 0, 2 and 3 to map on interlace and partial interlace structure.
Proposal 7:	Enhanced NR PUCCH format 0 is mapped across multiple PRBs, and different cyclic shifts and base sequence per PRB are applied.
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 [4]:
	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 [5]:
	-	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.
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