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1	Introduction
This document presents some proposals to resolve the remaining important issues for NR-U maintenance under the DL signals and channels agenda item.
[bookmark: _Ref178064866]2	Discussion
2.1	RRC Signaling and Parameters
Aspects related to RRC parameters for the operation of NR in shared spectrum are addressed in this section.
2.1.1	Search Space Switching
In relation with the search space set switching, the following RRC parameters are defined: 
· searchSpaceSwitchTrigger-r16 
· searchSpaceSwitchingGroup-r16 
· searchSpaceSwitchingTimer-r16
· searchSpaceGroupIdList-r16
[bookmark: _Hlk37401650]A search space switching trigger in DCI 2_0 allows the gNB to explicitly signal switching of search space monitoring between two groups of search space sets for one or more groups of serving cells. The parameter SearchSpaceSwitchTrigger-r16 in the SlotFormatIndicator IE configures the position in DCI 2_0 of the trigger bit (positionInDCI parameter). It should also indicate to which serving cell the trigger applies. In addition, serving cells can be grouped together so that the trigger applies to all cells in the group. Each serving cell group is configured with the higher layer parameter searchSpaceSwitchingGroup-r16 containing up to 16 serving cells.
Furthermore, the parameter searchSpaceGroupIdList-r16 configured within the SearchSpace IE assigns one or two group indexes, with possible values 0 or 1, to each search space set.  This parameter indicates which search space set should be monitored according to the switching procedure in [clause 10.4. in 38.213]. The searchSpaceGroupIdList-r16 configuration is only relevant within the SearchSpace IE. However, in the current version of 38.331, there is a CHOICE to configure either “servingCellId” or “groupId” within the  searchSpaceSwitchTrigger-r16 parameter which does not make sense.
Based on above discussion we propose to remove the parameter “groupId” defined under the  SearchSpaceSwitchTrigger-r16 parameter as follows:
    searchSpaceSwitchTrigger-r16     SEQUENCE {
            positionInDCI        INTEGER(0..maxSFI-DCI-PayloadSize-1), 
            id                   CHOICE {
                servingCellId          ServCellIndex,
                groupId                INTEGER (0..1)
            }
     } OPTIONAL, -- Need N

1. [bookmark: _Toc37456884]Propose to RAN2 to discard the “groupId” parameter defined under searchSpaceSwitchTrigger-r16, and remove the CHOICE structure.
As mentioned above, a group of up to 16 serving cells is configured by the parameter searchSpaceSwitchingGroup-r16 for the purpose of switching search space sets for multiple serving cells simultaneously. Furthermore, a list of such cell groups is configured by the parameter searchSpaceSwitchingGroupList-r16 to enable up to two cell groups. The naming of these parameters is very confusing in light of the parameters that configure groups of search space sets. To make a distinction between cell groups and search space set groups, we propose the following parameter name changes to avoid confusion:
[bookmark: _Toc37456885]Propose to RAN2 that the parameter searchSpaceSwitchingGroupList-r16 and searchSpaceSwitchingGroup-r16 are changed to cellGroupForSwitchingList-r16 and cellGroupForSwitching-r16, respectively.
In RAN1#98bis, it was agreed that one search space set can belong to more than one search space set group:
Agreement:
· A UE can be provided with at least two groups (FFS: more than two groups) of search space sets for PDCCH. The UE can be configured to switch between the groups, indicated based on at least the following alternatives.
· Alt 1: implicitly e.g. after detection of [FFS: DL burst, (WB-)DM-RS, GC-PDCCH and/or PDCCH] and/or e.g., based on information on COT structure.
· Alt 2: explicitly in GC-PDCCH and/or PDCCH
· Search space sets that are not part of the configured groups (e.g., a common search space set) will always be monitored by the UE regardless of the search space set indication
· A single search space set can be part of more than one group.
· It is up to RAN2 to optimize the signalling to minimize overhead.

And further, in RAN1#99, the FFS on the number of allowed search space set groups was resolved as follows
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
These agreements are properly captured in the current version of 38.331 via the parameter searchSpaceGroupIdList-r16 which can have a list size of up to 2, where each element of the list contains a search space group ID of 0 or 1.
searchSpaceGroupIdList-r16       SEQUENCE (SIZE (1.. 2)) OF INTEGER (0..1)    OPTIONAL,    -- Need R

However the agreements are not fully captured in 38.213. To resolve this issue properly, we propose the following TP:
-----  Start TP for Section 10.4 of 38.213 -----
[bookmark: _Hlk37369882]A UE can be provided a group index for a respective search space set by searchSpaceGroupIdList-r16 for PDCCH monitoring on a serving cell. The search space set can be a member of up to two search space set groups. 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.

------ End TP ----------
An open issue that needs RAN1 input is the maximum number of serving cell groups that can be configured for switching between search space sets.
Considering that search spaces and the group that each search space belongs to can be independently configured for each serving cell, there is no critical need to have cell groups. However, having two cell groups could potentially be useful in cases where the carriers aggregated together are separated significantly in frequency such that the two sets of carriers can be operated completely independently. We therefore propose that the maximum number of cell groups that can be configured be limited to two.
[bookmark: _Toc37456886]The number of cell groups that can be configured for search space switching in higher layer parameter cellGroupForSwitchingList-r16 (proposed new name for searchSpaceSwitchingGroupList-r16) is 1 or 2. Inform RAN2 of this decision.

Another issue which needs RAN1 input is the number of serving cells in each serving cell group. We think this can be the same as the number of aggregated cells for SlotFormatCombination and availableRB-Sets which is up to 16. 
[bookmark: _Toc37456887]The number of serving cells that can be configured for search space switching in higher layer parameter cellGroupForSwitching-r16 (proposed new name for searchSpaceSwitchingGroup-r16) is 16. Inform RAN2 of this decision.
Also, clause 10.4 in TS 38.213 states that if UE is provided with searchSpaceSwitchingGroupList-r16, the search space switching procedures apply to all of the serving cells within each group. This implies that all groups are switched at the same time which is not the intetion of the procedure. To correct this we propose the following TP to clarify. 
-----  Start TP for Section 10.4 of 38.213 -----

[bookmark: _Hlk37442276]If a UE is provided with searchSpaceSwitchingGroupList-r16, indicating one or more groups of serving cells, following procedures apply to the all of serving cells within each group. Otherwise, f The Following procedures apply only to a serving cell on which the UE is configured with searchSpaceGroupIdList-r16. When If a UE is provided with cellGroupForSwitchingList-r16, indicating one or more groups of serving cells, the following procedures apply to the all the of serving cells within each which are in the same cell group as the serving cell for which the search space set switching is applied. 

------ End TP ----------
To align with 38.331 we further propose:
[bookmark: _Toc37456888]Modify the field description of the parameter searchSpaceSwitchTrigger to align with 38.213 as follows (using the proposed new name for searchSpaceSwitchingGroup-r16). Inform RAN2 of this decision.
	searchSpaceSwitchTrigger
[bookmark: _GoBack]If configured, provides position in DCI of the bit field indicating search space switching flag for a serving cell or if cell GroupForSwitching-r16 is configured for a group of serving cells in searchSpaceSwitchingGroup-r16 (see TS 38.213 [13], clause 11.5.2).



Based on the discussions and proposals in this section we propose the following update to the RRC parameter spreadsheet:
	searchSpaceSwitchingGroup-r16
cellGroupForSwitching-r16
	 New
	 
	The serving cells in the group will be bundled for the search space group switching purpose
• One more groups can be configured in a list of cellGroupForSwitching-r16 objects, the maximum list size is 2
• One cell group can consist of 16 serving cells 
	SEQUENCE (SIZE (1..[16])) OF servingCellId

SEQUENCE (SIZE (1..16)) OF servingCellId

	SearchSpaceSwitchingTrigger-r16
	New
	 
	Add in SlotFormatIndicator. 
If configured, provides the ID of a serving cell and the position in DCI of the bit field indicating search space switching flag for a that serving cell. If a group of serving cells in searchSpaceSwitchingGroup-r16 cellGroupForSwitching-r16 is configured, then switching is applied to all serving cells in the group to which the serving cell with ID servingCellId belongs. A list of SearchSpaceSwitchTrigger-r16 objects is configured for one or more groups of serving cells.
	{positionInDCI, [servingCellId or cell group ID]}
{positionInDCI, servingCellId}



Note that we propose a minor change to the parameter name SearchSpaceSwitchingTrigger-r16 to align with the other parameter names related to this feature.
[bookmark: _Hlk37354992]2.2	Processing time required by the UE for performing search space switching
In the previous meeting it was agreed that the values for P1 and P2, the processing times for explicit and implicit search space switching between groups respectively, are equal ‎[1].
Agreement:
For processing times for search space switching, P1 and P2 have the same value.
[bookmark: _Toc32604929]However the exact values were not agreed and need to be discussed. We note that Section 5.5 of TS38.214 provides the minimum times that are required for a UE to receive PDCCH on one carrier with one numerology and receive PDSCH scheduled by the PDCCH on a different carrier with a different numerology. These times take into account the processing time of a PDCCH and the time needed in an implementation to receive PDSCH. We assume that preparation to receive PDCCH in another search space on the same carrier should be achievable in a time less than or equal to that taken to receive a PDSCH on another carrier. Therefore, we propose that we can use these same times for the purpose of search space switching and provide a corresponding text proposal.
[bookmark: _Toc37456889]The processing times in Table 5.5-1 of 38.214 can be reused for the processing times for search space set switching. Specifically, the values in the table can provide the minimum number of symbols required from the end of the PDCCH indicating the search space set switch to the start of the slot where the search space set is switched.
 
[bookmark: _Toc32604931]-----  Start TP for Section 10.4 of 38.213 -----
10.4	Search space set switching
If a UE is not provided SearchSpaceSwitchingTrigger-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, 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 P symbols after the last symbol of the PDCCH with the DCI format, 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 P 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 symbol of a remaining channel occupancy duration for the serving cell that is indicated by DCI format 2_0
Values of P is derived from Table 10.4-1 based on the PDCCH subcarrier spacing 
Table 10.4-1: P as a function of the subcarrier spacing of the scheduling PDCCH
	µPDCCH
	P [symbols]

	0
	4

	1
	5

	2
	10

	3
	14



[bookmark: _Toc32604932]------ End TP ----------
2.3	Search space switching in FBE mode 
In previous meeting the following note was made on whether to adopt the end of FFP as implicit indication to switch back to the default search space set ‎[1]
Agreement:
Adopt the following text proposal for TS38.213.
· Note: This text proposal captures the aspects for LBE and further discussion is needed for FBE aspects

In our view search space switching in FBE e.g. based on ending of FFP lacks sufficient motivation. The main motivation for having search space switching in LBE mode was to perform more frequent monitoring after the channel occupancy ends so that UE can perform reception with finer granularity for faster channel access. In FBE mode, however, if the gNB doesn’t transmit in exactly one location at the beginning of the FFP, it foregoes it for the entire frame. Given the lack of multiple opportunities to get access to the channel within a frame, the whole necessity for switching from more frequent monitoring to more relaxed monitoring is not applicable in FBE mode.
Search space switching based in FBE (e.g. based on ending of a FFP) lacks sufficient motivation
[bookmark: _Toc37456890]It is not needed to adopt the end of FFP as implicit indication to switch back to the default search space set.
Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Propose to RAN2 to discard the “groupId” parameter defined under searchSpaceSwitchTrigger-r16, and remove the CHOICE structure.
Proposal 2	Propose to RAN2 that the parameter searchSpaceSwitchingGroupList-r16 and searchSpaceSwitchingGroup-r16 are changed to cellGroupForSwitchingList-r16 and cellGroupForSwitching-r16, respectively.
Proposal 3	The number of cell groups that can be configured for search space switching in higher layer parameter cellGroupForSwitchingList-r16 (proposed new name for searchSpaceSwitchingGroupList-r16) is 1 or 2. Inform RAN2 of this decision.
Proposal 4	The number of serving cells that can be configured for search space switching in higher layer parameter cellGroupForSwitching-r16 (proposed new name for searchSpaceSwitchingGroup-r16) is 16. Inform RAN2 of this decision.
Proposal 5	Modify the field description of the parameter searchSpaceSwitchTrigger to align with 38.213 as follows (using the proposed new name for searchSpaceSwitchingGroup-r16). Inform RAN2 of this decision.
Proposal 6	The processing times in Table 5.5-1 of 38.214 can be reused for the processing times for search space set switching. Specifically, the values in the table can provide the minimum number of symbols required from the end of the PDCCH indicating the search space set switch to the start of the slot where the search space set is switched.
Proposal 7	It is not needed to adopt the end of FFP as implicit indication to switch back to the default search space set.
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