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Introduction 
In this contribution, we discuss remaining issues on DL signals and channels for NR-U operation and corrections to the latest version of the R16 NR-U specifications.
Discussion
Remaining issues on search space set group switching
In R16 NR-U, UE can be provided with a group index 0 or 1 for a respective search space set (SSS) and configured to switch between the two groups. The following issues on search space set group switching are remained to be discussed:
1) UE processing time for search space set group switching 

[image: ]
Figure 1. Example of search space set group switching
In RAN1#99 meeting, it was agreed that the switching between two groups should happen at “the next applicable slot” after the corresponding event, where “the next applicable slot” is the first slot that is at least P1/P2 symbols after the last symbol of the corresponding event, as shown in Figure 1, and P1/P2 should not be less than the processing time required by UE for performing search space set group switching. According to the UE required processing time for decoding the message from DCI and performing PDCCH monitoring switching, we propose the values of P1/P2 in different numerologies in Table 1. In this table, P1 is equal to P2 since we don't see the necessary to have different processing times for switching based on explicit signalling and implicit detection, respectively.
Proposal 1: Values of P1 and P2 should be the same.
Proposal 2: Adopt the proposed P1/P2 values in Table 1 to Section 11.5.2 in TS 38.213.


[bookmark: _Ref32582363]Table 1: UE processing time search space set group switching P1/P2
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	Values of P1/P2 [symbols]

	0
	8

	1
	10

	2
	18



2) Correction of search space set group switching in TS 38.213
As the agreement made in RAN1#99 meeting, the next applicable slot can be determined depending on the triggering event as follows:
· The slot that is at least P1/P2 symbols after the last symbol of the detected DCI format 2_0
· The slot that is at least P1/P2 symbols after the last symbol of the detected PDCCH
· The slot that is at least P1/P2 symbols after the end of the slot in which the timer expires
· The slot that is at least P1/P2 symbols after an indicated channel occupancy duration is exceeded

However, in Section 11.5.2 of the endorsed CR of TS 38.213 for R16 NR-U, the parts highlighted in boldface are not aligned with the RAN1 agreement.
Extract from Section 11.5.2 in the endorsed CR of TS 38.213 for R16 NR-U [1]:
If a UE is provided by SearchSpaceSwitchTrigger-r16 a location of a search space set switching field for a serving cell in a DCI format 2_0, as described in Subclause 11.1.1, and detects DCI format 2_0 in a slot
-	if the UE is not monitoring PDCCH according to search space sets with group index 0, the UE starts monitoring PDCCH 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 a first slot that is at least P1 symbols after the slot in the active DL BWP of the serving cell, if a value of the search space set switching field is 0
-	if the UE is not monitoring PDCCH according to search space sets with group index 1, the UE monitors PDCCH according to search space sets with group index 1, and stops monitoring PDCCH according to search space sets with group index 0, on the serving cell at a first slot that is at least P1 symbols after the slot in the active DL BWP of the serving cell, and the UE sets the timer value to the value provided by searchSpaceSwitchingTimer-r16, if a value of the search space set switching field is 1
-	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 last slot of a remaining channel occupancy duration for the serving cell that is indicated by DCI format 2_0
If a UE is not provided SearchSpaceSwitchTrigger-r16 for a serving cell,
-	if the UE detects a DCI format by monitoring PDCCH according to a search space set with group index 0 in a slot, the UE starts monitoring PDCCH according to search space sets with group index 1, and stops monitoring PDCCH according to search space sets with group index 0, on the serving cell at a first slot that is at least P2 symbols after the slot in the active DL BWP of a serving cell, the UE sets the timer value to the value provided by searchSpaceSwitchingTimer-r16 if the UE detects a DCI format by monitoring PDCCH in any search space set
-	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 or, if the UE is provided a search space set to monitor PDCCH for detecting a DCI format 2_0, after a last slot of a remaining channel occupancy duration for the serving cell that is indicated by DCI format 2_0


First, when the triggering event is based on signalling in DCI format 2_0 or detection of a DCI format by monitoring PDCCH according to a SSS with group index 0, switching between two groups should happen at a first slot that is at least P1/P2 symbols after “the last symbol” of the detected DCI instead of “the slot” in which the DCI is detected. Second, in RAN1#99 meeting, it was agreed that remaining channel occupancy duration is indicated in a number of symbols when channel occupancy duration field is configured in DCI format 2_0. Therefore, the end of channel occupancy could happen in any symbol, and the next applicable slot should be the first slot that is at least P1 symbols after “a last symbol” of a remaining channel occupancy duration instead of “a last slot” of a remaining channel occupancy duration. 
Based on the correction we mentioned above, a text proposal is provided for this correction in the Appendix A.

Proposal 3: Adopt the text proposal in Appendix A to TS 38.213 for correcting specification about search space set group switching.

UE behaviour on a RB set indicated as unavailable for DL reception
In R16 NR-U, duration and location of a channel occupancy initiated by gNB can be indicated to UE per serving cell by DCI format 2_0. According to this information, UE knows that whether this RB set(s) are (or not) occupied by gNB. Thus, it is reasonable that UE can skip some DL receptions on the RB set(s) not occupied gNB. However, according to current agreements and specifications for NR-U, only wideband CSI-RS measurement can be skipped if any of corresponding RB sets is not available for DL reception. We believe that it is also beneficial to skip some semi-statically configured DL receptions on the RB set(s) indicated as not available, e.g., not perform blind decoding for the PDCCH candidate on the RB set(s) indicated as not available.
Proposal 4: RAN1 should further specify UE behaviour on a RB set indicated as unavailable for DL reception, e.g., not performing blind decoding for the PDCCH candidate and not performing CSI-RS measurements on the RB set(s) indicated as not available.

Correction of frequency domain resource allocation for CORESET with RB offset in TS 38.213
In the endorsed CR of TS 38.213 for R16 NR-U [1], the following is captured in Section 10.1:
Extract from Section 10.1 in the endorsed CR of TS 38.213 for R16 NR-U [1]:




For each CORESET in a DL BWP of a serving cell, a respective frequencyDomainResources provides a bitmap. The bits of the bitmap have a one-to-one mapping with non-overlapping groups of 6 consecutive PRBs, in ascending order of the PRB index in the DL BWP bandwidth of  PRBs with starting common RB position  where the first common RB of the first group of 6 PRBs has common RB index . If rb-Offset is provided, the first group of 6 consecutive RBs has common RB index 





We see that CRB index  should apply to “the first CRB” of the first group of 6 consecutive RBs instead of all the 6 consecutive RBs in the first group, which should be corrected in Section 10.1. A text proposal is provided for this correction in the Appendix A.

Proposal 5: Adopt the text proposal in Appendix B to correct the specification in TS 38.213 for frequency domain resource allocation for CORESET with RB offset.

Correction of channel occupancy duration indication in TS 38.213
In RAN1#99, the following agreement was made for channel occupancy duration indication:
Agreement RAN1#99:
COT duration indicates remaining length from the beginning of the slot where the information is received
· When a UE receives a COT duration indication with a given symbol being within the COT duration, the UE is not expected to receive a subsequent COT duration indication that indicates that symbol to not be within the COT duration.





However, this agreement is not captured in Section 11.1.1 in TS 38.213, and thus the missing part should be added.  A text proposal is provided for this correction in the Appendix B.

Proposal 6: Adopt the text proposal in Appendix C to correct the specification in TS 38.213 for channel occupancy duration indication.
Conclusion
Based on the discussion on the remaining issues in the previous section, we make the following proposals:
Proposal 1: Values of P1 and P2 should be the same.
Proposal 2: Adopt the proposed P1/P2 values in Table 1 to Section 11.5.2 in TS 38.213.
Proposal 3: Adopt the text proposal in Appendix A to TS 38.213 for correcting specification about search space set group switching.
Proposal 4: RAN1 should further specify UE behaviour on a RB set indicated as unavailable for DL reception, e.g., not performing blind decoding for the PDCCH candidate and not performing CSI-RS measurements on the RB set(s) indicated as not available.
Proposal 5: Adopt the text proposal in Appendix B to correct the specification in TS 38.213 for frequency domain resource allocation for CORESET with RB offset.
Proposal 6: Adopt the text proposal in Appendix C to correct the specification in TS 38.213 for channel occupancy duration indication.
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Appendix A – Text proposal for TS 38.213
===================================Text proposal starts=======================================
11.5.2	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 indicated by searchSpaceSwitchingGroup-r16. If the UE is not provided searchSpaceGroupIdList-r16 for a search space set, or for PDCCH monitoring on a serving cell that is not indicated by searchSpaceSwitchingGroup-r16, the following procedures are not applicable for PDCCH monitoring according to the search space set.
A UE can be provided, by searchSpaceSwitchingTimer-r16, a timer value. The UE decrements the timer value by one after each slot in the active DL BWP of the serving cell where the UE monitors PDCCH for detection of DCI format 2_0.
If a UE is provided by SearchSpaceSwitchTrigger-r16 a location of a search space set switching field for a serving cell in a DCI format 2_0, as described in Subclause 11.1.1, and detects DCI format 2_0 in a slot
-	if the UE is not monitoring PDCCH according to search space sets with group index 0, the UE starts monitoring PDCCH 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 a first slot that is at least P1 symbols after the slot the last symbol of the detected DCI format 2_0 in the active DL BWP of the serving cell, if a value of the search space set switching field is 0
-	if the UE is not monitoring PDCCH according to search space sets with group index 1, the UE monitors PDCCH according to search space sets with group index 1, and stops monitoring PDCCH according to search space sets with group index 0, on the serving cell at a first slot that is at least P1 symbols after the slot the last symbol of the detected DCI format 2_0 in the active DL BWP of the serving cell, and the UE sets the timer value to the value provided by searchSpaceSwitchingTimer-r16, if a value of the search space set switching field is 1
-	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 last slot symbol of a remaining channel occupancy duration for the serving cell that is indicated by DCI format 2_0
If a UE is not provided SearchSpaceSwitchTrigger-r16 for a serving cell,
-	if the UE detects a DCI format by monitoring PDCCH according to a search space set with group index 0 in a slot, the UE starts monitoring PDCCH according to search space sets with group index 1, and stops monitoring PDCCH according to search space sets with group index 0, on the serving cell at a first slot that is at least P2 symbols after the slot the last symbol of the detected DCI in the active DL BWP of the serving cell, the UE sets the timer value to the value provided by searchSpaceSwitchingTimer-r16 if the UE detects a DCI format by monitoring PDCCH in any search space set
-	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 or, if the UE is provided a search space set to monitor PDCCH for detecting a DCI format 2_0, after a last slot symbol of a remaining channel occupancy duration for the serving cell that is indicated by DCI format 2_0
==================================Text proposal ends=========================================

Appendix B – Text proposal for TS 38.213
===================================Text proposal starts=======================================
[bookmark: _Toc12021486][bookmark: _Toc20311598][bookmark: _Ref491451763][bookmark: _Ref491466492]10.1	UE procedure for determining physical downlink control channel assignment 
*** Unchanged text is omitted ***



For each CORESET in a DL BWP of a serving cell, a respective frequencyDomainResources provides a bitmap. The bits of the bitmap have a one-to-one mapping with non-overlapping groups of 6 consecutive PRBs, in ascending order of the PRB index in the DL BWP bandwidth of  PRBs with starting common RB position  where the first common RB of the first group of 6 PRBs has common RB index . If rb-Offset is provided, the first common RB of the first group of 6 consecutive RBs has common RB index .
*** Unchanged text is omitted ***
==================================Text proposal ends=========================================

Appendix C – Text proposal for TS 38.213
===================================Text proposal starts=======================================
11.1.1	UE procedure for determining slot format
*** Unchanged text is omitted ***
For a set of symbols of a slot that are indicated as being within a remaining channel occupancy duration either by a channel occupancy duration field or an SFI-index field, a UE does not expect a UE does not expect to detect a DCI format 2_0 indicating the set of symbols as being not within a remaining channel occupancy duration either by a channel occupancy duration field or an SFI-index field.
*** Unchanged text is omitted ***
==================================Text proposal ends=========================================
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