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1 Introduction

During RAN plenary #82, the release 16 work item on unlicensed band operation were 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:
7.2.2.1.2 DL signals and channels

Essential
· Channel occupancy time and frequency domain structure indication for LBE

· UE COT detection for FBE

· gNB control for the Cat 4 UL transmission (including CG) switching to cat 2 when fall in gNB COT

· Behavior when P/SP-CSI-RS fail to transmit due to LBT

Optimizations
· CSI-RS enhancement outside of DRS

· More opportunities for CSI-RS to compensate the possible LBT failure

In RAN plenary #86, NR-U WI has been closed. In this contribution we discuss corrections related to essential features.

2 On PDCCH monitoring and initial signal reception and design
2.1 PDCCH monitoring adaptation in LBE 
In RAN1#99, the following agreement has been reached for both FBE and LBE:
	Agreement:
A UE can be provided with not more than two groups of search space sets (as per previous agreement on search space switching) for PDCCH.

· Note: This resolves the FFS from the previous agreement

Agreement:

When a UE is configured with two groups of search space sets for PDCCH

· The presence of a monitoring group flag in DCI format 2_0 is configurable

· A timer is configured as a number of slots, which is decremented at the end of each slot.

· If the monitoring group flag is present in DCI format 2_0 (Note: Explicit switching between Group1 and Group2 and vice versa, plus implicit switching from Group2 to Group1) 

· If the flag = 1

· Switch to (or keep) monitoring Group2 at the next applicable slot boundary with respect to the detected DCI format 2_0

· The UE starts (or restarts) the configurable timer

· If the flag = 0

· Switch to (or keep) monitoring Group1 at the next applicable slot boundary with respect to the detected DCI format 2_0

· The UE switches from Group2 to Group1 at the earliest slot boundary that is at least P1 symbols after

· the end of the slot in which the timer expires, or

· an indicated COT duration is exceeded, whichever comes first

· If the monitoring group flag is not present in DCI format 2_0 (Note: Implicit switching between Group1 and Group2 and vice versa) 

· If any PDCCH in Group1 is successfully detected

· Switch from Group1 to Group2 at the next applicable slot boundary with respect to the detected PDCCH

· The UE starts (or restarts) the configurable timer if it receives any PDCCH 

· The UE switches from Group2 to Group1 at the earliest slot boundary that is at least P2 symbols after

· the end of the slot in which the timer expires, or

· an indicated COT duration is exceeded, whichever comes first

· If the UE does not monitor for DCI format 2_0 (Note: Implicit switching between Group1 and Group2 and vice versa) 
· If any PDCCH in Group1 is successfully detected
· Switch from Group1 to Group2 at the next applicable slot boundary with respect to the detected PDCCH 
· The UE starts (or restarts) the configurable timer if it receives any PDCCH 
· The UE switches from Group2 to Group1 at the earliest slot boundary that is at least P2 symbols after the end of the slot in which the timer expires
· The "next applicable slot boundary" is the earliest start of a slot that is at least P1/P2 symbols later than the last symbol of the corresponding PDCCH. P1 and P2 should be no less than the processing time required by the UE for performing search space switching.
· Search space switching is a new UE capability
· Processing time is fixed in the specification
· FFS: Whether P1 and P2 need to be different
· The groups of serving cells to which the above behaviour is applicable can be configured via RRC



In RAN1#100e, RAN1 TP has been agreed to align specification to above agreement from LBE point of view. However, at least one more aspect related to LBE is still incorrect. As pointed out by Sharp in RAN1#100e, timer is at the moment limited only to case when UE is configured with monitoring of DCI format 2_0. This contradicts to agreement, which does not have such restriction:

•
A timer is configured as a number of slots, which is decremented at the end of each slot
Therefore, if DCI format 2_0 is not configured for a cell group, the timer slot is the slot of a cell with the lowest index among cell(s) in the group. Another approach would be to change slot to subframe, which would solve also issues related to mixed numerology. Therefore, we propose, 
Proposal 1: Revert previous agreement: SS-switching timer operates with granularity of a subframe (i.e. 1ms).
	TP for 38.213
10.4
Search space set switching

A UE can be provided a group index for a respective search space set by searchSpaceGroupIdList-r16 for PDCCH monitoring on a serving cell. If the UE is not provided searchSpaceGroupIdList-r16 for a search space set, the following procedures are not applicable for PDCCH monitoring according to the search space set.

If a UE is provided searchSpaceSwitchingGroupList-r16, indicating one or more groups of serving cells, the following procedures apply to all serving cells within each group; otherwise, the following procedures apply only to a serving cell for which the UE is provided searchSpaceGroupIdList-r16.
A UE can be provided, by searchSpaceSwitchingTimer-r16, a timer value. The UE decrements the timer value by one after each slotsubframe in the active DL BWP of 
- the serving cell where the UE monitors PDCCH for detection of DCI format 2_0
<unchanged text omitted>


2.2 Monitoring of PDCCH candidates in available RB-sets
In RAN1#100e it has been agreed that UE may skip monitoring PDCCH candidates in unavailable RB-sets. However, if such PDDCH candidates are counted to PDCCH CCE/BD limits, remaining available RB-set are left with very little candidates. Monitoring adaptation is essential particularly for large carriers, such as 80MHz. 
Proposal 2: UE should be able to adjust its PDCCH monitoring based on the availability of RB-sets indicated by DCI-format 2_0
In RAN1#98b and #99, SS-set group switching has been introduced, and UE switches monitoring between two SS-set groups based on indication in GC-PDCCH or based on COT structure. 
Observation 1: Based on previous NR-U agreements it is feasible to adapt PDCCH monitoring based on indication in GC-PDCCH or based on COT structure.
Therefore, when UE is switching from first SS group to second group of SS sets, it could switch to sub-set of SS-sets of second SS group based on indicated number of available RB-sets. These SS set sub-sets could be configured for each number of indicated available RB-sets and a UE knows which SS-sets are to be monitored. For a SpCell that can be overbooked, overbooking would be allowed only for the case when all RB-sets of carrier/BWP are available. 

This enables gNB to better distribute the PDCCH candidates and does not require UE to change BD/CCE overbooking behavior.
Proposal 3: Consider the following: When RB-set indication is configured in DCI format 2_0
· GROUP1 (e.g. SS-sets {X,Y,Z,T}) can be configured with multiple SS sub-sets corresponding to different number of available RB sets:

· Each SS sub-set indicates SS-sets that are valid for monitoring given N RB-sets are available 
· e.g. N=1 RBsets are available, SS-sets {X,Y} are monitored
· e.g. N=2 RBsets are available, SS-sets {Z} are monitored
· R15 BD/CCE overbooking applies for SpCell, only for the case when all RB-set are available
Above could be captured for example by the following TP:
	TP for 38.213
10.4
Search space set switching

<unchanged text omitted>
When a UE is provided with parameter RB-SetApplicability-R16=N in a search space set provided by SearchSpace, when RB-set indication is configured in DCI format 2_0 and the search space set is indicated in group index 1, the UE shall monitor the search-space only if the number of available RB-set(s) indicated in DCI format 2_0 is N.
<unchanged text omitted>


3 COT structure indication 
3.1 RB set indication in the first slot

After RAN1#99 non-conclusive discussion, it remained open how to design signaling to enable
· CASE1: self-scheduling indication of LBT BW is not yet know 

· CASE2: cross-carrier indication from licensed or unlicensed carrier to indicate that gNB does not transmit on LAA Scell at the moment.

This can be achieved already by gNB indicating 

·  “all ones” for RB-set(s) and COT-length of X symbols in GC-PDCCH for CASE 1, where X is number of symbols in partial slot. 
·  “all zeros” for RB-set(s) and non-zero COT-length in GC-PDCCH to indicate CASE2
Observation 2: Specification supports both CASE1 and CASE2 already
One more aspect that remained open is the case when UE is not configured with RB-set indication, in this case UE shall assume all RB-sets are available.
Proposal 4: When UE is not configured with availableRB-SetPerCell-r16, UE shall assume all RB-Sets are available
3.2 Presence of SFI in DCI format 2_0 

One more aspect which deserves clarification is whether gNB may configure GC-PDCCH 2_0 without SFI. 
As for 38.213 it seems that it is possible
	For each serving cell in the set of serving cells, the UE can be provided: 

-
an identity of the serving cell by servingCellId
-
a location of an SFI-index field in DCI format 2_0 by positionInDCI
   -  a set of slot format combinations by slotFormatCombinations, where each slot format combination in the set of slot format combinations includes 

-
one or more slot formats indicated by a respective slotFormats for the slot format combination, and 

-
a mapping for the slot format combination provided by slotFormats to a corresponding SFI-index field value in DCI format 2_0 provided by slotFormatCombinationId



38.212 tries to hint that SFI is mandatory present in R16, and, TS38.331 states that slotFormatCombToAddModList are optional. 
[image: image1.png]SlotFormatIndicator : SEQUENCE {
SEi-RNTI RNTI-Value,
dci-Payloadsize INTEGER (1..maxSFI-DCI-PayloadSize),
slotFormatCombToAddModList SEQUENCE (SIZE(1..maxNrofAggregatedCellsPerCellGroup)) OF SlotFormatCombinationsPerCell

OPTIONAL, —-
slotFormatCombToReleaseList SEQUENCE (SIZE (1..maxNrofAggregatedCellsPerCellGroup)) OF ServCellIndex OPTIONAL, —-





Therefore, we think both R15 and R16 need the following TP/CR for TS38.212. We submitted R15 CR in parallel TDOC R1-2002223.
Proposal 5: Adopt the following TP to clarify that SFI field is optionally present in DCI format 2_0
	TP for TS38.212

7.3.1.3.1
Format 2_0
DCI format 2_0 is used for notifying the slot format, COT duration, available RB set, and search space group switching. 
The following information is transmitted by means of the DCI format 2_0 with CRC scrambled by SFI-RNTI:
-
If the higher layer parameter slotFormatCombToAddModList is configured
-  Slot format indicator 1, Slot format indicator 2, …, Slot format indicator N.

-    If the higher layer parameter availableRB-SetPerCell-r16 is configured, 
-
Available RB set Indicator 1, Available RB set Indicator 2, …, Available RB set Indicator N1, 

-   If the higher layer parameter CO-DurationPerCell-r16 is configured

-
 COT duration indicator 1, COT duration indicator 2, …, COT duration indicator N2.

-   If the higher layer parameter searchSpaceSwitching-r16 = “explicit”
-
Monitoring group flag 1, Monitoring group flag 2, …, Monitoring group flag [M].
The size of DCI format 2_0 is configurable by higher layers up to 128 bits, according to Subclause 11.1.1 of [5, TS 38.213]. 



3.3 Definition of end of COT in FBE 
In RAN1#100e, it remained open whether end of FFP period indicates an end of COT or not. Our understanding is that end of fixed frame period indicates end of COT, when UE is configured with semiStaticChannelAccessConfig-r16. One additional aspect to consider is the last 5% of FFP must remain silent. Therefore, UE shall assume that last 5% of fixed frame period does not belong to COT.

Proposal 6:  When UE is configured with semiStaticChannelAccessConfig-r16, it assumes that the symbol (including CP) preceding a symbol overlapping with 95% of FFP indicates an end of COT.
If above proposal is confirmed as common understanding, then the TPs in the following sub-sections are required
3.3.1 TP to Search-space switching

The agreement in RAN1#99 does not restrict the agreement to LBE only. Therefore, “indicated COT duration is exceeded, whichever comes first” is applicable to end of COT signaled by FFP period. Therefore, we propose the following TP 
	TP for 38.213
10.4
Search space set switching

<unchanged text omitted>

-     if the UE monitors PDCCH on a serving cell according to search space sets with group index 1, the UE starts monitoring PDCCH on the serving cell according to search space sets with group index 0, and stops monitoring PDCCH according to search space sets with group index 1, on the serving cell at the beginning of the first slot that is at least P1 symbols after a slot where the timer expires or after a symbol of a remaining channel occupancy duration for the serving cell that is indicated by DCI format 2_0 or, if the UE is provided a period by semiStaticChannelAccessConfig-r16, after a symbol preceding 95% of a period.

<unchanged text omitted>

-     if the UE monitors PDCCH on a serving cell according to search space sets with group index 1, the UE starts monitoring PDCCH on the serving cell according to search space sets with group index 0, and stops monitoring PDCCH according to search space sets with group index 1, on the serving cell at the beginning of the first slot that is at least P2 symbols after a slot where the timer expires, if the UE is provided a search space set to monitor PDCCH for detecting a DCI format 2_0, after a last symbol of a remaining channel occupancy duration for the serving cell that is indicated by DCI format 2_0 or, if the UE is provided a period by semiStaticChannelAccessConfig-r16, after a symbol preceding 95% of a period.



3.3.2 COT-end in FBE
To clarify the end of COT in in FBE, the following TP should be adopted:
	TP for 38.213
11.1.1
UE procedure for determining slot format

<unchanged text omitted>

· a location of a channel occupancy duration field in DCI format 2_0, by CO-DurationPerCell-r16, that indicates a remaining channel occupancy duration for the serving cell starting from a slot where the UE detects the DCI format 2_0 by providing a value from CO-DurationList-r16. The channel occupancy duration field includes [image: image3.png]max{log, (COdurationListSize)], 1}



 bits, where [image: image5.png]COdurationListSize



 is the number of values provided by CO-DurationList-r16. If CO-DurationPerCell-r16 is not provided, the remaining channel occupancy duration for the serving cell is a number of slots, starting from a slot where the UE detects the DCI format 2_0, that the SFI-index field value provides corresponding slot formats. If UE is configured with semiStaticChannelAccessConfig-r16, the remaining channel occupancy is the last symbol preceding the 95 percent of indicated period.
<unchanged text omitted>




4 SP/P-NZP-CSI-RS validity during channel access failure (Issue 6)
4.1 Association of NZP-CSI-RS
Currently QCL source of NZP-CSI-RS can be TRS which then can be associated with an SSB-index, which in case of NR-U is determined from PDCCH candidate position by [image: image7.png](7 mod N2%)




	The UE assumes that within a discovery burst transmission window, a number of transmitted SS/PBCH blocks on a serving cell is not larger than [image: image9.png]


. The UE can determine an SS/PBCH block index according to [image: image11.png](NEE, mod NO%)



, or according to [image: image13.png](7 mod NO%)



 where [image: image15.png]


 is the candidate SS/PBCH block index.


Observation 3: Association CSI-RS to multiple SSB candidate positions within DRS is clear.
Based on above observation, CSI-RS may be configured with multiple positions within DRS window. For example, with periodicity matching [image: image17.png]


, CSI-RS and corresponding SSB may be confined within the same slot(s) of DRS window. 
Next open question is whether different association is needed inside or outside of DRS window. On one hand, CSI-RS periodicity within DRS window could be smaller than outside DRS window, and this is not possible based on R16 specification. On the other hand, introducing such flexibility is a minor optimization. Therefore, at this point we have the following observation: 
Observation 4: There is no need to introduce different periodicities of CSI-RS within and outside of DRS window. 
4.2 Validation of p-NZP-CSI-RS
While association and configuration of SP/P-NZP-CSI-RS is clear in the RAN1 specification, it is not so clear under which conditions a UE validates SP/P-NZP-CSI-RS.  There are two cases
CASE1: UE is configured with GC-PDCCH

CASE2: UE is not configured with GC-PDCCH or fails to detect GC-PDCCH

For CASE1, when GC-PDCCH with RB-set indication is configured, SP/P-NZP-CSI-RS are validated only within COT, as agreed already. If RB-set indication is not configured, UE assumes that all RB-sets are available, and therefore, UE validates SP/P-NZP-CSI-RS only within COT as per previous agreement. 
Without GC-PDCH, there are few options 
· Alt1: UE measures always -> UE reports non-sense and congests wireless channel with periodic PUCCH report
· Alt2: UE performs blind detection of SP/P-NZP-CSI-RS -> additional RAN4 requirements would need to be defined for this case.
· Alt3: UE perform validation based on detection of other gNB signals within a slot -> UE reports CSI in periodic PUCCH only if validates at least one SP/P-NZP-CSI-RS
We think that Alt3 would be the best option. Other signals could be e.g. SSB, PDCCH. If UE detects such signals in a slot, it validates signal in the slot. Furthermore, a DL assignment scheduling HARQ-ACK with CAT2, informs UE that set of slots in between are part of COT and they are DL slots. Therefore, UE may validate SP/P-NZP-CSI-RS in the set of slots. Similar can be formulated also for scheduled PDSCH.
Proposal 7: When UE detects SSB or PDCCH in a slot, UE validates SP/P-NZP-CSI-RS in the slot.

Proposal 8: When UE receives DL assignment in slot n scheduling PUCCH transmission (with CAT2) in slot n+k1. UE validates SP/P-NZP-CSI-RS in a set of slots n to n+k1-1
Proposal 9: When UE receives DL assignment in slot n scheduling PDSCH transmission in slot n+k0. UE validates SP/P-NZP-CSI-RS in a set of slots n to n+k0

5 Conclusion 

In this contribution, we have discussed potential solutions and techniques for NR unlicensed related to DL physical channels and signals. Based on the discussion, we make the following observations and proposals:
SS-switching

Proposal 1: Revert previous agreement: SS-switching timer operates with granularity of a subframe (i.e. 1ms).
Proposal 2: UE should be able to adjust its PDCCH monitoring based on the availability of RB-sets indicated by DCI-format 2_0
Observation 1: Based on previous NR-U agreements it is feasible to adapt PDCCH monitoring based on indication in GC-PDCCH or based on COT structure.
· GROUP1 (e.g. SS-sets {X,Y,Z,T}) can be configured with multiple SS sub-sets corresponding to different number of available RB sets:

· Each SS sub-set indicates SS-sets that are valid for monitoring given N RB-sets are available 

· e.g. N=1 RBsets are available, SS-sets {X,Y} are monitored
· e.g. N=2 RBsets are available, SS-sets {Z} are monitored

· R15 BD/CCE overbooking applies for SpCell, only for the case when all RB-set are available
COT-structure
Observation 2: Specification supports both CASE1 and CASE2 already

Proposal 4: When UE is not configured with availableRB-SetPerCell-r16, UE shall assume all RB-Sets are available
Proposal 5: Adopt the following TP to clarify that SFI field is optionally present in DCI format 2_0
Proposal 6: When UE is configured with semiStaticChannelAccessConfig-r16, it assumes that the symbol (including CP) preceding a symbol overlapping with 95% of FFP indicates an end of COT.
CSI-RS

Observation 3: Association CSI-RS to multiple SSB candidate positions within DRS is clear.
Observation 4: There is no need to introduce different periodicities of CSI-RS within and outside of DRS window. 
Proposal 7: When UE detects SSB or PDCCH in a slot, UE validates SP/P-NZP-CSI-RS in the slot.

Proposal 8: When UE receives DL assignment in slot n scheduling PUCCH transmission (with CAT2) in slot n+k1. UE validates SP/P-NZP-CSI-RS in a set of slots n to n+k1-1
Proposal 9: When UE receives DL assignment in slot n scheduling PDSCH transmission in slot n+k0. UE validates SP/P-NZP-CSI-RS in a set of slots n to n+k0
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