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1. Introduction
During RAN plenary #82, the release 16 work item on unlicensed band operation was approved in [1]. Before that a NR Study Item has been concluded in RAN1 [2].
In RAN plenary #84, down-scoping of features has been agreed in [3]. The relevant scope agreed for this sub-agenda is the following:
Essential
· CORESET for wideband (multiple coresets with one or more per LBT subband or multi-cluster coreset with one cluster per subband)
Optimizations
· If PUSCH Alt 2 is also supported 

Further essential topic is handling of GBs in RAN1. And finally, we believe that enhancements to PUCCH and DRS operation would be important for proper operation of stand-alone NR-U.
Relevant agreements made in RAN1#92bis – RAN1#98 are listed in the Appendix.
2. Wideband operation in DL
[bookmark: _Hlk20401204]We believe that the main topics to be discussed in Chongqing should be PDCCH operation and impact of in-carrier GBs on scheduling. 
2.1. PDCCH structures and reception
In the previous meeting, RAN1 agreed

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

However, in the end RAN1 did not reach consensus on sufficient degree of details, to be able to send LS to RAN2. In here we will focus on the details of this agreement striving for simplicity and low complexity. 

In R15, gNB configures a dedicated CORESET with 45-bit bitmap on a grid defined by carrier’s Point A, and the first bit of the bitmap is the first 6PRB block which is fully confined in a BWP. To be able to fit 48PRB CORESET to each sub-band, for a CORESET confined within sub-band, the CORESET grid is determined by the first PRB of a sub-band. First bit of the 45-bit bitmap corresponds to the lowest 6PRB block of the sub-band. This is illustrated on the Figure 1, if the CORESET grid would be common to all sub-bands, it may happen that the 8CCE CORESET would not fit anymore to the second sub-band, because “red” 6PRB clusters are not valid, such there are only floor[(51-4)/6]=7 clusters left in the SB#2.

Proposal 1: For a CORESET confined within sub-band, the bits of the 45-bit bitmap have a one-to-one mapping with non-overlapping groups of 6 consecutive PRBs, in ascending order of the PRB index in a sub-band with starting common RB position   where the first common RB of the first group of 6 PRBs has common RB index . 
[image: ]
Figure 1 CORESET grid definition for CORESET mirroring

For a search-space-set configured in a CORESET confined within sub-band, a search-space set contains information on sub-bands in which the search-space-set is mapped. This resulting into a mirroring a CORESET in those sub-bands.  

Proposal 2: For a search-space set associated with a CORESET confined within sub-band, the configuration contains bitmap indicating sub-bands to which it applies. A configured CORESET confined within sub-band is mapped to all indicated sub-bands.

2.2. Adjusting PDCCH candidates to available LBT BW

To be able to adjust PDCCH candidates to available gNB BW, an operation according to Proposal-2 would require modifications to R15 search-space-set mapping mechanism. One adjustment of R15 search-space-set mapping mechanism could be that PDCCH candidates in failed LBT sub-bands are not counted to BD/CCE limit and let existing search-space set mapping rule as in R15.  Other adjustment could be that search-space-set with at least one dropped candidates is not mapped at all. The other adjustment would simplify the implementation. However, even further simplification is possible, where a search-space-set would be mapped only if gNB transmits on X sub-bands. The RRC configuration for search-space-set in a BWP with 4 sub-bands could be as shown below: 


	SearchSpace 
applicability 
RRC value
N
	Search-space-set mapping condition


	0
	Sub-bands not known or outside COT 

	1
	Inside COT and 1 sub-band indicated in GC-PDCCH

	2
	Inside COT and 2 sub-bands indicated in GC-PDCCH

	3
	Inside COT and 3 sub-bands indicated in GC-PDCCH

	4
	Inside COT and 4 sub-bands indicated in GC-PDCCH




Such a UE would need to pre-hash only up to 4 monitoring hypotheses within a COT. And only 5 search-space sets need to be configured by a gNB.  
 
Proposal 3: For a search-space set associated with a CORESET confined within sub-band, the configuration may contain a parameter N indicating that search-space set is mapped only if gNB transmits on N sub-bands within a COT. 
2.3. On Wide-band carrier PRB grid and guard-band definition
In RAN4#92 agreed to introduce intra-carrier GBs in [6]:
	· Define two different types of guardbands for NR-U: 
· Carrier guardbands (inter-carrier guardbands)
· In-carrier guardbands (intra-carrier guards)
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· Intra-carrier guards for a carrier configured by a serving cell are defined as an integer number of full PRBs. 
· These are defined on a common RB grid which reference point is configured by the gNB as specified in section 5.3.4 of 38.101-1. 
· No intra-carrier guards are defined for 20 MHz carriers
· RAN4 is tasked to specify necessary sizes of the inter-carrier guardbands and number of PRBs needed for intra-carrier guards to meet spectral emission mask defined for NR-U. 
· The intra-carrier guard band could be scheduled if it is located within the adjacent contiguous LBT successful sub-bands where all scheduled LBT sub-bands have passed. Introduction of flexible guard-bands at sub-block        edge is left FFS. Meaning scheduling of either additional or a reduced number of sub-block edge guard PRBs.




RAN4 agreement can be summarized with the following bullets:
· Single common PRB grid is defined starting at Point A
· Intra-carrier GBs are multiples of PRB
· Intra-carrier GBs between two transmitted sub-bands can be scheduled
· FFS scheduling in intra-carrier guard-bands at sub-block edge

Scheduling of PDSCH 

Based on WF [6], there is a potential further split of the intra-carrier GBs to two types, as shown in Figure 2
· Type-1 intra-carrier GBs: an intra-carrier gurad-bands between two transmitted sub-bands can be scheduled
· Type-2 intra-carrier GBs: an intra-carrier guard-bands at sub-block edge, most likely cannot be scheduled, (FFS in RAN4)


Based on above, in DL MODE 2 (contiguous subset of sub-bands), there are no TYPE-2 intra-carrier GBs in the middle of the gNB TxBW. And partial PRB blocks (such as RBGs or PRGs) may occur only at the edges of allocation, similarly as in R15. 

Observation 1: In DL MODE2, up to two partial PRB blocks (RBGs or PRGs) may occur within a UE’s resource allocation
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Figure 2 Types of Guardbands from RAN1 point of view

However, in MODE 3 (non-contiguous subset), Type-2 intra-carrier GBs and full sub-band gap(s) may occur (as seen on Figure 2). In this case, partial PRB blocks occur as well in the middle of gNB TxBW, due to Type-2 intra-carrier GBs or Failed LBT sub-bands. This means that up to 4 (4 sub-band BWP) – 6 (5 sub-band BWP) partial PRB blocks may occur within a transmission. This results into partial PRGs and reduces overall channel estimation performance. Therefore, we think that, in such situation a partial PRG could be simply bundled to the full-PRG neighbor. In other words, a UE may assume that partial PRB has the same precoding as its neighbor.   

Observation 2: In DL MODE 3, up to 6 partial PRB blocks (RBGs or PRGs) may occur within a UE’s resource allocation 

Proposal 4: NR-U UE shall receive PDSCH in scheduled partial RBG, PRGs that occur due to intra-carrier GBs and Failed LBT sub-bands. 
· UE may assume that precoder in partial PRG is the same as precoder of neighboring full PRG.  
	
Definition of sub-bands of NR-U carrier >20MHz in RAN1

Based on WF [6], RAN4 will define in-carrier GBs as full PRBs on the common PRB grid. This means, that the intra-carrier GBs and their position on NR-U carrier >20MHz will be fully specified in the RAN4 specification. Therefore, we think that RAN1 specification may exploit in-carrier GBs defined in RAN4 when defining sub-bands and their indices.       

Proposal 5: Define sub-bands of NR-U carrier >20 in RAN1 based on position of intra-carrier-GB PRBs on a common PRB grid specified in RAN4
2.4. On DRS transmission in WB
Wideband operation in Rel-15 is illustrated on an example in Figure 3 where there are multiple SSBs (both cell defining CD-SSBs and non-cell defining NCD-SSBs) in wideband network carrier. In the figure there are two cell-defining SSBs which identify two serving PCells that may have overlapping DL BWPs in frequency domain. From the UE perspective, each Pcell is associated to at most a single SSB. Further, there are two NCD-SSBs also on the same carrier, e.g. for two serving Scells of some UE. These NCD-SSBs indicate (for initial access of a UE) where the UE may find the cell defining SSB. RRM measurements based on both CD and NCD-SSBs can be configured, i.e. on all SSB1, SSB2, SSB3 and SSB4.
Observation 3: For synch purposes, a serving cell is associated with one and only SSB (in frequency domain).
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Figure 3 Rel-15 wideband operation with multiple SSBs (both cell defining and non-cell defining SSBs).
In NR-U, operating single SSB (in frequency domain) for a DRS of a serving cell, it may quite frequently occur that periodic DRS transmission is due on sub-band #X while gNB has acquired a COT for other sub-band #Y few slots ahead. Typically, a gNB cannot perform LBT on one sub-band while transmitting on other sub-bands. Stopping DL transmission to perform LBT for sub-band #X is not desirable, because there is no guarantee that LBT on sub-band #X will be successful, and at the same time the gNB may lose the right to transmit on sub-band #Y
Observation 4: When operating WB carrier with multiple sub-bands, the DRS of a serving cell may be due on the sub-band #X while gNB transmits DL COT on sub-bands other than sub-band #X. 
We think RAN1 should discuss what is the behavior in this situation. Does UE drop the reception of DRS, and instead continue monitoring on sub-bands of the acquired DL COT, or should the DRS be transmitted on sub-band of the ongoing DL COT instead? We think that the later behavior would clearly improve the performance of NR-U.  
Proposal 6: RAN1 to discuss behavior for the situation when the DRS of the serving cell may be due on the sub-band which is not part of the gNBs ongoing DL COT. 
2.5. R15 BWP adaptation
In R15 there are two dynamic mechanisms how a UE may adapt between configured BWPs. The first is DCI format 0_1 and 1_0 and the second is BWP inactivity timer. In case of DCI-based switching, the mechanism can be reused, transmitted ACK or PUSCH is a confirmation for the gNB from UE. If UE fails to transmit ACK or PUSCH granted by the DCI due to LBT, and gNB does not receive the confirmation, gNB may re-transmit the switching DCI again.    

On the other hand, if inactivity timer is configured by gNB to switch BWP to default BWP there can be some challenges.  In unlicensed spectrum operation there may be periods in time when despite of trying, a gNB cannot access channel (i.e. LBT fails) and cannot send unicast C-RNTI due to the channel being occupied by other nodes (e.g. NR-U, LTE LAA, or WiFi). In other words, on unlicensed spectrum, gNB’s inactivity may not always imply that there is no data to transmit for a given UE, but rather the gNB may just fail in accessing the channel (i.e. in its LBT operation) and be unable to transmit the data it has. As a consequence, a UE configured with BWP inactivity timer will switch to a (narrow) default BWP, while instead UE should be ready for wideband reception by listening to wide BWP, observing all sub-bands of wide BWP. This may create undesired BWP switching for the UE, which will worsen the latency and throughput performance accordingly. Therefore, we think that inactivity timer enhancements should be studied. For example, inactivity timer may halt in times when gNB loses access to channel. 

Proposal 7: Support a mechanism to halt a R15 BWP inactivity timer in times when gNB cannot access the channel. 

3. Wideband operation in UL
RAN1 in #96bis agreed the following
	[bookmark: _Hlk7354797]Agreement:
For UL transmissions in a serving cell with carrier bandwidth greater than LBT bandwidth, for the case where UE performs CCA before UL transmission, support at least Alt. 1 among the following alternatives
· Alt. 1: UE transmits the PUSCH only if CCA is successful at UE in all LBT bandwidths of the scheduled PUSCH.
· Alt. 2: UE transmits the PUSCH in all or a subset of LBT bandwidths of the scheduled PUSCH for which CCA is successful at the UE. 
· Decision on whether this alternative is supported will depend on feedback from RAN4
· FFS on restrictions to the subset of LBT bandwidths, e.g., only contiguous LBT bandwidths allowed, based on feedback from RAN4
· Necessity of guard bands within the scheduled PUSCH should be determined by RAN4
· FFS: Whether this applies also to configured grant PUSCH
· FFS: Whether this applies also to PUCCH




As per RAN guidance, Alt.2 (if supported) is treated with less priority in R16. When focusing on Alt.1, it may be concluded that no spec change is required to support Alt.1 in UL.
Conclusion: With Alt.1 and when PUSCH is transmitted using CAT1 LBT or when CAT2/4 LBT passes on all sub-bands of schedule PUSCH, a UE/gNB may transmit/receive one TB across multiple sub-bands of a BWP.
3.1. On PUCCH resource management 
When operating stand-alone NR-U and DL Mode 2 and 3 where gNB may transmit on any combination of sub-bands of a BWP, LBT failure in some parts of BWP may have significant impact to use of PUCCH resources. In R15, a gNB may indicated one of up to 8 PUCCH resources by 3-bit PRI field in the corresponding DL assignment. In case of failure of 3 sub-bands, the gNB is left only with 2 PUCCH resource, this is clearly insufficient, and therefore, enhancement is necessary to ensure proper operation of DL Mode 2 and 3 operation in NR-U. 
Observation 5: An enhancement to PUCCH resource configuration is essential for proper operation of DL Mode 2 and 3 of NR-U in stand-alone.
For discussion on the enhancement please refer to our accompanying contribution [4] in the UL signals and channels agenda.
4. Conclusions
In this contribution, we discussed potential solutions and techniques related to wideband operation. Based on the discussion, we made the following proposals and observations:
Proposal 1: For a CORESET confined within sub-band, the bits of the 45-bit bitmap have a one-to-one mapping with non-overlapping groups of 6 consecutive PRBs, in ascending order of the PRB index in a sub-band with starting common RB position   where the first common RB of the first group of 6 PRBs has common RB index . 
Proposal 2: For a search-space set associated with a CORESET confined within sub-band, the configuration contains bitmap indicating sub-bands to which it applies. A configured CORESET confined within sub-band is mapped to all indicated sub-bands.
Proposal 3: For a search-space set associated with a CORESET confined within sub-band, the configuration may contain a parameter N indicating that search-space set is mapped only if gNB transmits on N sub-bands within a COT. 
Observation 1: In DL MODE2, up to two partial PRB blocks (RBGs or PRGs) may occur within a UE’s resource allocation

Observation 2: In DL MODE 3, up to 6 partial PRB blocks (RBGs or PRGs) may occur within a UE’s resource allocation 

Proposal 4: NR-U UE shall receive PDSCH in scheduled partial RBG, PRGs that occur due to intra-carrier GBs and Failed LBT sub-bands. 
· UE may assume that precoder in partial PRG is the same as precoder of neighboring full PRG.  
	
Proposal 5: Define sub-bands of NR-U carrier >20 in RAN1 based on position of intra-carrier-GB PRBs on a common PRB grid specified in RAN4
Observation 3: For synch purposes, a serving cell is associated with one and only SSB (in frequency domain).
Observation 4: When operating WB carrier with multiple sub-bands, the DRS of a serving cell may be due on the sub-band #X while gNB transmits DL COT on sub-bands other than sub-band #X. 
Proposal 6: RAN1 to discuss behavior for the situation when the DRS of the serving cell may be due on the sub-band which is not part of the gNBs ongoing DL COT. 
[bookmark: _GoBack]Proposal 7: Support a mechanism to halt a R15 BWP inactivity timer in times when gNB cannot access the channel. 
Conclusion: With Alt.1 and when PUSCH is transmitted using CAT1 LBT or when CAT2/4 LBT passes on all sub-bands of schedule PUSCH, a UE/gNB may transmit/receive one TB across multiple sub-bands of a BWP.
Observation 5: An enhancement to PUCCH resource configuration is essential for proper operation of DL Mode 2 and 3 of NR-U in stand-alone.
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Appendix 
The following agreements and working assumptions related to wide band operations for NR-U were made in RAN1#92bis, RAN1#93, RAN1#94bis and RAN1#95:
Agreement: 
· Study possible enhancements for HARQ operation 
· Study changes needed for Configured Grant support in NR-U
· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) 
in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer multiple of 20MHz 
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.
· Study whether or not the following techniques enhance performance beyond the baseline LBT mechanisms
· Techniques to cope with directional antennas/transmissions
· Receiver assisted LBT : RTS/CTS type mechanism
· On-demand receiver assisted LBT: For example receiver assisted LBT enabled only when needed 
· Techniques to enhance spatial reuse 
· Preamble detection
· Enhancements to baseline LBT mechanisms above 7 GHz
· Note: LTE-LAA LBT mechanism are assumed as baseline for evaluations for 5GHz. 
· Note: Other aspects are not precluded from being included

Agreement: 
· NR-U should support that a serving cell can be configured with bandwidth larger than 20 MHz.
· For DL operation, the following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered.
· Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on one or more BWPs
· Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on single BWP
· Option 2: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on a single BWP if CCA is successful at gNB for the whole BWP
· Option 3: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB
· Note: CCA is declared to be successful or not in multiples of 20 MHz.
· FFS for UL operation including some or all of above options can be applied
· Note: Capture the following in TR only after further discussion for down-selecting from the options in RAN1#95.

Agreement: 
Send LS to RAN4 on at least the following issues related to single wideband carrier operation, i.e., greater than 20 MHz:
· Potential need for new requirements within a carrier when the carrier spans multiple LBT bandwidth pieces
· Effect on UE receiver of interference from transmitters transmitting on parts of the same carrier
· Note: Other aspects can be included in the LS if necessary
· Note: RAN1 assumes that RAN4 will define requirements for carrier aggregation of 20 MHz carriers operating in unlicensed spectrum
Final LS agreed in R1-1812026 with the title modified to “LS on wideband carrier operation for NR-U”.
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[bookmark: _Hlk273548]Agreement:
· For wideband operation in DL with a single serving cell operation within a carrier with bandwidth larger than 20 MHz
· Multiple BWPs can be configured, single BWP activated, gNB may transmit PDSCH on parts or whole of single active BWP where CCA is successful at gNB (i.e., option 2 and 3 from previous agreement)
· FFS: Restrictions on supportable gaps and combinations of gaps between discontiguous blocks where 
· each block spans contiguous (one or) multiple successful LBT sub-bands
· each gap spans one or multiple contiguous unsuccessful LBT sub-bands
· FFS: Transmission bandwidth adaptation delay, potentially different delay for e.g., different number of supported gaps, different transmission bandwidths and different positions of the LBT sub-bands where transmissions occur
· FFS: Limit on the occupied LBT sub-bands due to regulation and coexistence considerations (not intended to imply that regulation and coexistence considerations will not be addressed)
· FFS: Whether/how to indicate gNB’s transmitted LBT sub-bands
· FFS: Enhancements to PDCCH/PDSCH configuration/transmission for the parts of BWP where gNB does not transmit due to CCA failure
· Send LS to RAN4 to inform above decision with the description that RAN1 requires RAN4’s feedback on the first three FFS parts in addition to what was requested in earlier LSs.


Agreement:
Operation with multiple active BWPs for a carrier on unlicensed bands is not supported for DL or UL at least in Rel-16 NR-U WI.
· Inform RAN2 of this decision

R1-1901446	[DRAFT] Reply to reply LS on wideband carrier operation for NR-U	LG Electronics
Final LS is agreed with the following changes in R1-1901460
· Include RAN WG2 in the “To” field
· Add an action to RAN WG2: “RAN1 respectfully asks RAN2 to take the above RAN1 agreements into account in their further work”
· Delete the corresponding statement requesting action from RAN2 above in the main body.
· Modify a statement in the main body as follows: “RAN1 respectfully asks RAN4 for a response to FFS parts in the above agreement, in addition to any pending input to questions as requested in [1] not yet answered.”

Conclusion:
The channel access aspects of wideband operation should be discussed further as part of the channel access discussions 

RAN1#96
No agreement
RAN1#96b

Agreement:
· Support a mechanism for a UE to detect gNB is transmitting across
· Multiple carriers 
· Multiple LBT bandwidths in a carrier. 
· The following mechanisms are to be considered:
· Option 1: Explicit indication via PDCCH
· FFS: The type of PDCCH (e.g., group common PDCCH or UE-specific PDCCH)
· FFS: Signaling details of the indication
· Option 2: Explicit indication via selection of a PDCCH DM-RS sequence from a set of PDCCH DM-RS sequences
· FFS: Details of the indication
· Option 3: Via UE implementation, i.e., implicit method based on NR-based signal such as DM-RS and/or corresponding PDCCH detection
· FFS: Which signals/channels or combination of signals/channels could be used by the UE
· Note: Above options are not mutually exclusive

Agreement:
For UL transmissions in a serving cell with carrier bandwidth greater than LBT bandwidth, for the case where UE performs CCA before UL transmission, support at least Alt. 1 among the following alternatives
· Alt. 1: UE transmits the PUSCH only if CCA is successful at UE in all LBT bandwidths of the scheduled PUSCH.
· Alt. 2: UE transmits the PUSCH in all or a subset of LBT bandwidths of the scheduled PUSCH for which CCA is successful at the UE. 
· Decision on whether this alternative is supported will depend on feedback from RAN4
· FFS on restrictions to the subset of LBT bandwidths, e.g., only contiguous LBT bandwidths allowed, based on feedback from RAN4
· Necessity of guard bands within the scheduled PUSCH should be determined by RAN4
· FFS: Whether this applies also to configured grant PUSCH
· FFS: Whether this applies also to PUCCH

RAN1#97
Agreement:
When GC-PDCCH is configured, explicit indication via GC-PDCCH is supported as a mechanism to inform the UE that one or more carriers and/or LBT bandwidths are not available or available for DL reception, at least for slot(s) that are not at the beginning of DL transmission burst.
· FFS: Signalling details of the indication, including e.g., the time domain validity of the indication
· FFS: Whether and how to support the mechanism at the beginning of DL transmission burst
· FFS: Whether and how to handle the case when GC-PDCCH is not configured or not received by the UE
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.
RAN1#98
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
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