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1	Introduction
This paper discusses remaining issues for wideband operation.
2	Open Issues
2.1 Wideband Operation in the Uplink
The following agreement was made in RAN1#98b:
Agreement #1:
· For UL transmissions in a serving cell with carrier bandwidth greater than the LBT bandwidth, for the case where UE performs CCA before UL transmission, UE transmits on the UL only if CCA is successful at UE in all LBT bandwidths that overlap with the resource allocation for the UL transmission
· The UE is not expected to receive resource allocations in discontiguous LBT bandwidths within a wideband carrier
· This does not preclude such resource allocation in discontiguous LBT bandwidths being supported by specifications managed by RAN1 in Rel-16.

Based on this agreement, it is our understanding that PUSCH transmission in a wideband carrier can be achieved with existing Rel-15 functionality. No further work in RAN1 is needed other than to specify interlaced transmission for the UL and PUSCH frequency domain resource allocation. The latter is treated in our paper in the UL Signals and Channels agenda item [13].
[bookmark: _Toc24147360]No further work is needed in the Wideband Agenda item for wideband operation in the uplink.  
2.2	UE Capability on Number of PDSCHs
In RAN1#97 the following conclusion was reached:
Conclusion:
A UE can receive a PDSCH scheduled within an LBT bandwidth or over multiple LBT bandwidths as per Rel-15 and current agreements in Rel-16.
Our understanding of the intention of this conclusion is that initially within a COT, one or multiple simultaneous PDSCHs can be scheduled, with one PDSCH per LBT bandwidth. Later in the COT, when the LBT outcome is known by the gNB and the scheduler has time to react, one or multiple PDSCHs can be scheduled spanning one or more LBT bandwidths.
Based on discussions during the work item, it seems to be common understanding that the multiple simultaneous PDSCHs in the first slots of a COT can be scheduled to either one user or multiple users. For the former, clearly it is necessary that the UE supports reception of multiple simultaneous PDSCHs. However, such UE capability has not been discussed yet.
In the above conclusion the common understanding was that “current agreements in Rel-16,” referred to the multi-TRP (eMIMO) work item where it was agreed to support simultaneous reception of two PDSCHs from two TRPs. However, lately there has been some debate within the NR-U work item if such simultaneous reception is indeed supported for UEs that are not “eMIMO” capable.
If the view is that this capability does not carry over to NR-U, then the only way to make use of multiple LBT bandwidths is if the gNB has multiple UEs to schedule simultaneously, and this is far from guaranteed. If UEs are capable of receiving only a single PDSCH, and the gNB does not have multiple UEs to schedule in the beginning of the COT, then only one LBT bandwidth can be utilized to schedule the single user once the gNB has gained access to the channel. It is not possible to wait for a few slots then schedule the user across multiple LBT bandwidths according to channel access rules.
Hence in order to make efficient use of a wideband carier when there are not multiple simultaneous UEs to schedule, UEs in the system should be capable of supporting simultaneous reception of more than one PDSCH. For this reason, such UE capabilities should be discussed further.
[bookmark: _Toc24147361]In order to make efficient use of a wideband carrier, UEs should be capable of supporting simultaneous reception of two or more PDSCHs.  
[bookmark: _Toc24147309]Further discussion is needed on UE capability for simultaneous reception of two or more PDSCHs
2.3	Configuration of RB Sets
The following agreement was made in RAN1#98b
Agreement #2:
The intra-carrier guard bands on a carrier can be semi-statically adjusted with an RB level granularity. The RAN4 minimum guard band requirements are used as the guard bands when no semi-static adjustment is applied.
· The guard bands adjustments do not affect the already agreed restrictions on PUCCH resource allocation.
· FFS: Whether and how to handle the case where the intra-carrier guard bands are part of a resource allocation

And the following related RRC parameter was included in the RRC parameter spreadsheet:
From Endorsed R1-1911722:
	Parameter Name
	(New) values
	New R16 vs extension of R15
	Per (UE, cell, TRP, …)
	Broadcast/dedicated
	Description
	Configuration restriction (if any)

	FFS between intraCellGuardBand-r16 and 
RB-RangesPerCell-r16

	FFS value
FFS if the values are based on CRB or PRB depends this is per cell or per BWP
	new
	FFS: Per cell or per BWP
	FFS
	To capture the agreement: 
Agreement:
The intra-carrier guard bands on a carrier can be semi-statically adjusted with an RB level granularity. The RAN4 minimum guard band requirements are used as the guard bands when no semi-static adjustment is applied.
· The guard bands adjustments do not affect the already agreed restrictions on PUCCH resource allocation.
· FFS: Whether and how to handle the case where the intra-carrier guard bands are part of a resource allocation
	



Furthermore, the following related text has been included in the draft CR for 38.214:
[bookmark: _Hlk23783614]When the UE is configured to operate with intra-cell guard-bands on a carrier, the UE determines  RB-sets on a carrier [FFS e.g. according to a Table or according to parameter intraCellGuardBand-r16 and RB-RangesPerCell-r16 ], where RB-sets are indexed . 
When the UE is configured with [FFS between intraCellGuardBand-r16 and RB-RangesPerCell-r16], a UE adjusts intra-cell guard-bands between RB-set  and  [TBD]. 
The purpose of introducing such a parameter is to define the usable PRB ranges corresponding to the LBT bandwidth(s) within a carrier. This is needed for the scheduling/configuration of resources both in the DL and the UL.
For example, in the UL for frequency domain resource allocation for PUSCH, it has been agreed that X bits in DCI indicate which interlaces are allocated. As we propose in our UL paper [13], an additional Y-bit bitmap is used to indicate which LBT bandwidths are allocated. Each bit in the bitmap corresponds to an RB Set as specified in the 38.214 draft CR (see above). It is essential for the UE to be configured with a list of RB sets so that it knows precisely which PRBs to use and which to avoid (the intra-carrier guards) for transmission of PUSCH. While it would be equivalent to configure a list of guard bands with the PRB range for each guard band, in our view, it is simpler to configure a list of RB sets that indicate which RBs are available.
Hence, in our view, the open issues are (1) whether or not the RRC parameter is configured per cell or per BWP, and (2) how to specify the RB sets, i.e., whether the RB indices are CRB indices or PRB indices.
Since the channel raster for NR-U is most likely defined to align as close as possible to the 20/40/80 MHz Wi-Fi channel grids, the LBT sub-bands will also align with the Wi-Fi grids. Hence, the LBT bandwidths and associated intra-carrier guard bands are inherently a property of the configured carrier and they maintain a fixed relationship to Point A defined for that carrier. Whether or not the sub-bands are signaled per cell or per BWP can be further discussed; however, if signaled per BWP, the sub-band positions should remain fixed relative to Point A.
Two options for configuring an RB range corresponding to a sub-band are the following, and in principle, either one would work fine:
· Start and end RB index
· Start RB index and # of RBs similar to how a BWP is configured ( and )
[bookmark: _Ref21341504][bookmark: _Hlk20768918][bookmark: _Toc24147310]Support an RRC parameter RB-SetsPerCell-r16 used for defining the RB ranges for a carrier with multiple LBT bandwidths. Each RB Set is fixed relative to Point A. The following two alternatives should be down-selected to one:
· [bookmark: _Toc24147311]Alt-1: An RB Set is specified by a start RB index and an end RB index
· [bookmark: _Toc24147312]Alt-2: An RB Set is specified by a start RB index and a number of RBs
[bookmark: _Toc24147313]For a carrier with only one LBT bandwidth, RB-SetsPerCell-r16 is not configured, in which case the RB Set implicitly covers the whole carrier.                           
2.4	PDCCH Search Space Configuration
In RAN1#98 and RAN1#98b, the following agreements was made on PDCCH configuration for DL wideband operation:
Agreement:
For CORESET configuration in a serving cell with carrier bandwidth greater than LBT bandwidth, 
· For the case where a CORESET is confined within a LBT bandwidth, the search space set configuration associated with the CORESET can have multiple monitoring locations in the frequency domain (per LBT bandwidth)
· Send an LS to RAN2 informing them of this agreement and providing clarifications on the above if necessary
· Note: For scenarios in which gNB transmits PDCCH/PDSCH on a single BWP if CCA is successful at gNB for the whole BWP, CORESET(s) need not all be confined within an LBT bandwidth, and no specification impact is foreseen

Agreement:
For a search space set configuration associated with multiple monitoring locations in the frequency domain (as per the previous agreement defining such a search space set associated with a CORESET confined within an LBT bandwidth):
· PRBs allocated by frequencyDomainResources in the CORESET configuration are confined within one of LBT bandwidths within the BWP corresponding to the CORESET.
· Within the search space set configuration associated with the CORESET, each of the one or more monitoring locations in the frequency domain corresponds to (and is confined within) an LBT bandwidth and has a frequency domain resource allocation pattern that is replicated from the pattern configured in the CORESET.
· CORESET parameters other than frequency domain resource allocation pattern are identical for each of the one or more monitoring locations in the frequency domain.
· Include this and the prior agreement on this issue in an LS to RAN2

These agreements imply that a single CORESET can be configured within one sub-band, and then the associated search space set(s) can be configured with multiple monitoring locations in the frequency domain (FD), where a monitoring location corresponds to a sub-band. The open issue is the details on how the frequency domain monitoring locations should be configured. Last meeting it was agreed to hold off on sending the LS to RAN2 until RAN1 worked out some more of these details.
In our view, it makes sense to reuse the Rel-15 “container” concept of a CORESET for the configuration of the FD monitoring locations. In Rel-15, we note that in the time domain (TD), a duration (number of OFDM symbols) is first defined within a CORESET. Then within an associated search space set configuration, the first OFDM symbol of potentially multiple TD monitoring locations within a slot is configured. Hence, the CORESET can be considered as a container that is replicated over multiple starting OFDM symbol locations within a slot to define the TD monitoring locations.
Reusing this same concept, one could configure a CORESET with a number of PRBs that are confined within a sub-band. This is easily done using Rel-15 configuration of a PRB level bitmap. Then, within an associated search space set configuration, the first PRB of potentially multiple FD monitoring locations within a BWP is configured. The first PRB location can be configured simply via a PRB offset relative to the PRB position corresponding to the first bit in the PRB bitmap configured in the associated CORESET.
Figure 1 illustrates the concept for the example of an 80 MHz BWP consisting of 4 LBT sub-bands with integer PRB guards in between (30 kHz SCS is assumed). The starting CRB index of the BWP is denoted . The guard size/locations shown in the diagram in red are discussed further in Section 3.4. In this diagram, the CORESET is configured with a bitmap indicating 8 CCEs in the frequency domain. The bitmap is configured by the parameter frequencyDomainReseources within a CORESET configuration. According to Rel-15, the starting CRB index of the first bit in the bitmap is constrained to be an integer multiple of 6, i.e., it starts at CRB index .

[image: ]
[bookmark: _Ref20746304]Figure 1. Use of a PRB offset (not necessarily an integer multiple of 6 PRBs) to indicate the location of the first PRB of a frequency domain monitoring location within a search space set.
For the case of a single symbol CORESET, if 8 CCEs in the frequency domain are configured within the first sub-band through the CORESET configuration, it is desirable that 8 CCEs in the frequency domain can also be configured in the other sub-bands through search space set configuration(s). This would allow aggregation level AL 8 in all sub-bands without exceeding the CCE budget (56 non-overlapping CCEs). In contrast, if the starting CRB index in all sub-bands was instead constrained to be an integer multiple of 6, it would not be possible in general to configure single symbol AL 8 for all sub-bands due to the size/position of the intra-carrier guards; some sub-bands would have fewer number of CCEs. This is discussed further below.
To remedy this situation, it should be allowed to configure a PRB offset for each FD monitoring location within a search space set configuration to allow starting CRB indices that are not a multiple of 6. In this way, AL 8 in can be preserved in all sub-bands (for the case of a single symbol CORESET). We emphasize that this relaxation is only needed for the search space set configurations; the 6-PRB granularity for the starting CRB index within a CORESET can still be maintained as in Rel-15. Note that the above discussion is in the context of a single symbol CORESET. For a two-symbol CORESET, the relaxation may still be useful depending on if aggregation level larger than 8 is configured.
Based on this we propose the following:
[bookmark: _Hlk20768859][bookmark: _Toc24147314]A search space set associated with a CORESET can be configured with multiple non-overlapping frequency domain (FD) monitoring locations within a BWP, where an FD monitoring location is defined by a replication of the PRB pattern defined by the parameter frequencyDomainReseources within ControlResourceSet. The starting PRB index of the replicated pattern is given by an integer PRB offset relative to the PRB index corresponding to the first bit in frequencyDomainReseources. The PRB offset may take a value in the range 0..maxNrofPhysicalResourceBlocks-1. 
· [bookmark: _Toc24147315]Note: if the no PRB offset(s) is/are configured, then the UE performs PDCCH monitoring in PRBs defined only by the CORESET as in Rel-15

The following extract from 38.331 illustrates how the FD monitoring locations could be configured according to the above proposal:
[bookmark: _Hlk20860470]SearchSpace ::=                         SEQUENCE {
    searchSpaceId                           SearchSpaceId,
    controlResourceSetId                    ControlResourceSetId                                        OPTIONAL,   -- Cond SetupOnly
    monitoringSlotPeriodicityAndOffset      CHOICE {
        sl1                                     NULL,
        sl2                                     INTEGER (0..1),
        sl4                                     INTEGER (0..3),
        sl5                                     INTEGER (0..4),
        sl8                                     INTEGER (0..7),
        sl10                                    INTEGER (0..9),
        sl16                                    INTEGER (0..15),
        sl20                                    INTEGER (0..19),
        sl40                                    INTEGER (0..39),
        sl80                                    INTEGER (0..79),
        sl160                                   INTEGER (0..159),
        sl320                                   INTEGER (0..319),
        sl640                                   INTEGER (0..639),
        sl1280                                  INTEGER (0..1279),
        sl2560                                  INTEGER (0..2559)
    }                                                                                                   OPTIONAL,   -- Cond Setup
    duration                                INTEGER (2..2559)                                           OPTIONAL,   -- Need R
    monitoringSymbolsWithinSlot             BIT STRING (SIZE (14))                                      OPTIONAL,   -- Cond Setup
    frequencyDomainMonitoringLocations 	 SEQUENCE (SIZE (1..maxNrofOffsets)) OF FreqOffset,	        OPTIONAL,
    nrofCandidates                          SEQUENCE {
        aggregationLevel1                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel2                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel4                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel8                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel16                      ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8}
    }                                                                                                   OPTIONAL,   -- Cond Setup
    searchSpaceType                         CHOICE {

…

}
FreqOffset ::=                              INTEGER (0.. maxNrofPhysicalResourceBlocks-1)

Another options is that FreqOffset could be configured in terms of a separate RRC parameter that specifies the usable RB range for each LBT bandwidth (see discussion in Section 3.3).
Finally, to show the consequence of not allowing the frequency offset to have configured granularity of 1 PRB (i.e., if it was constrained to be integer multiples of 6 PRBs) the following table shows how many CCEs per OFDM symbol could be configured for each sub-band according to the example in Figure 1. Here 6 different values of the CRB start index  are shown which result in different shifts in the CRB index of the first CCE in the sub-band. Clearly, it is not possible to choose Point A (and thus ) such that all sub-bands have 8 CCEs per OFDM symbol
Table 1: Number of CCEs per OFDM symbol that could be configured per sub-band if the frequency domain monitoring location in each sub-band was constrained to always start on 6-CRB boundaries.
[image: ]
Conclusion
In this paper we made the following observations: 
Observation 1	No further work is needed in the Wideband Agenda item for wideband operation in the uplink.
Observation 2	In order to make efficient use of a wideband carrier, UEs should be capable of supporting simultaneous reception of two or more PDSCHs.

Based on the discussion in this paper we propose the following:
Proposal 1	Further discussion is needed on UE capability for simultaneous reception of two or more PDSCHs
Proposal 2	Support an RRC parameter RB-SetsPerCell-r16 used for defining the RB ranges for a carrier with multiple LBT bandwidths. Each RB Set is fixed relative to Point A. The following two alternatives should be down-selected to one:
	Alt-1: An RB Set is specified by a start RB index and an end RB index
	Alt-2: An RB Set is specified by a start RB index and a number of RBs
For a carrier with only one LBT bandwidth, RB-SetsPerCell-r16 is not configured, in which case the RB Set implicitly covers the whole carrier.
Proposal 3	A search space set associated with a CORESET can be configured with multiple non-overlapping frequency domain (FD) monitoring locations within a BWP, where an FD monitoring location is defined by a replication of the PRB pattern defined by the parameter frequencyDomainReseources within ControlResourceSet. The starting PRB index of the replicated pattern is given by an integer PRB offset relative to the PRB index corresponding to the first bit in frequencyDomainReseources. The PRB offset may take a value in the range 0..maxNrofPhysicalResourceBlocks-1.
	Note: if the no PRB offset(s) is/are configured, then the UE performs PDCCH monitoring in PRBs defined only by the CORESET as in Rel-15

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref1131178][bookmark: _Ref534127550][bookmark: _Ref525732218][bookmark: _Ref525647225]RP-182878, “New WID on NR-based Access to Unlicensed Spectrum,” Qualcomm, RAN#82, December 2018.
[bookmark: _Ref534117348]3GPP TR 38.889, “Study on NR-based access to unlicensed spectrum,” v16.0.0, December 2018.
[bookmark: _Ref525666947][bookmark: _Ref4753619][bookmark: _Ref1136318]R1-1812026, “LS on wideband carrier operation for NR-U,” RAN1, RAN1#94b, October 2018.
[bookmark: _Ref4754607][bookmark: _Hlk503517020]R1-1900008, “Reply LS on wideband carrier operation for NR-U,” RAN4, RAN1#AH1901, January 2019.
[bookmark: _Ref4755824]R1-1903845, “Reply LS on wideband carrier operation for NR-U,” RAN4, RAN1#96b, April 2019.
[bookmark: _Ref16171115]R1-1905895, “LS on UL wideband operation for NR-U,” RAN1, RAN1#96b, April 2019.
[bookmark: _Ref7709648]R1-1905930, “LS reply on wideband carrier operation for NR-U,” RAN4, RAN1#97, May 2019.
[bookmark: _Ref16172201]RP-191581, “Guidance on essential functionality for NR-U,” RAN, RAN#84, June 2019.
R4-1906421, “Discussion on regulatory requirements for in-carrier leakage in NR-U,” Nokia, RAN4#91, May 2019.
[bookmark: _Ref16169766]R1-1907458, “Wideband operation,” Ericsson, RAN1#97, May 2019.
[bookmark: _Ref16171605]R4-1907850, “LS to ETSI TC BRAN on Interpretations of EN 301 893 for NR-U,” RAN4, RAN4#91, May 2019.
[bookmark: _Ref7716718]R4-1900664, “BS requirements on wideband carrier operation for NR-U,” Huawei, RAN4#90, Februrary 2019.
[bookmark: _Ref16178072]R1-1912708, “UL Signals and Channels,” Ericsson, RAN1#99, November 2019.
[bookmark: _Ref20768133][bookmark: _Ref16178041]R1-1911722, “Summary of RRC parameters for NR-U,” Qualcomm, RAN1#99, November 2019.
[bookmark: _Ref20768333]R4-1912016, “Channel raster design of Rel-16 NR-U for 5GHz band,” Ericsson, RAN4#92b, October 2019.
	1/4	
image1.png
N

start
BWP

I\

© ©
O (o]
3 =]
(O] (O]
[a] [a1]
o o
o o
0 N~

Sub-band @ Sub-band 1
50 PRBs 49 PRBs

frequencyDomainResources =

1 1 1

1

1

1 1 1 ‘0 \0 0.

\ start
P [NBWPI

6
\_Y_I
Start CRB index
of first CCE in
CORESET is an

Y
CCE locations
Configured in
CORESET
(e.g.,AL=8)

CRB Index

Start CRB index in
Search Space is not
necessarily an integer
multiple of 6 PRBs

S ISR

e
O
=}
O
m
[ ,
a i
Ne) 1
Sub-band 2 Sub-band 3
49 PRBs 50 PRBs
1
>
CRB Index
Y

integer multiple
of 6 PRBs

PRB offset
(not necessarily an
integer multiple of 6)

CRB Index

CCEs Locations Configured

in a Search Space




image2.png
S = N M < W




