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Introduction 
In this contribution, we discuss the remaining issues on DL signals/channels for NR-U operation and provide text proposals to the latest version of the R16 NR-U specifications.
Discussion
Remaining issues on search space set group (SSSG) switching
UE processing time for SSSG switching
In RAN1#100bis e-meeting, the following agreement was made for UE processing time for SSSG switching [3].
Agreement from RAN1#100bis
· Define two capabilities of P values  
· SSSG switching Capability-1: P=25 symbols for µ = 0/1/2 SCS
· SSSG switching Capability-2: P=10/12/22 symbols for µ = 0/1/2 SCS
· Introduce a UE capability to signal support of SSSG switching Capability-2 in addition to SSSG switching Capability-1
· Introduce a RRC configuration parameter to indicate the P value to be applied by a UE for SSSG switching (no lower than the reported capability by the UE).




CR for TS38.213 [6] captures the agreement as follows: 
Extracted from TS38.213 [6] clause 10.4 Search space set switching
A UE can be provided by XYZ a number of symbols  where a minimum value of   is provided in Table 10.4-1 for UE processing capability 1 and UE processing capability 2 and SCS configuration . If the UE indicates a corresponding capability, the UE applies the  value for UE processing capability 2; otherwise, the UE applies the  value for UE processing capability 1 for SCS configuration .     
Table 10.4-1: Minimum value of  [symbols]

Minimum  value for
 UE processing capability 1 [symbols]
Minimum  value for
 UE processing capability 2 [symbols]
0
25
10
1
25
12
2
25
22


However, there are some editorial errors in this specification. The last sentence describes that the  value no lower than the UE processing capability should be changed to “If the UE indicates a corresponding capability, the UE applies the minimum value of  value for UE processing capability 2; otherwise, the UE applies the minimum value of  value for UE processing capability 1 for SCS configuration  ”.
Proposal 1: Text proposal 1 is adopted in TS 38.213 clause 10.4 to correct the specification for UE applying the minimum SSSG switching time according to corresponding UE processing capability.

===================================Text proposal 1 starts=======================================
10.4	Search space set switching
*** Unchanged text is omitted ***
A UE can be provided by XYZ a number of symbols  where a minimum value of   is provided in Table 10.4-1 for UE processing capability 1 and UE processing capability 2 and SCS configuration . If the UE indicates a corresponding capability, the UE applies the minimum value of  value for UE processing capability 2; otherwise, the UE applies the minimum value of  value for UE processing capability 1 for SCS configuration .     
*** Unchanged text is omitted ***
==================================Text proposal 1 ends========================================


Timer for SSSG switching
According to the agreement made in RAN1#99 meeting [1], the configuration of SSSG switching timer and the decrementing of the configured timer are independent from DCI format 2_0. Even UE is not configured to monitor DCI format 2_0, it is still possible to configure a SSSG switching timer to make UE switch back to Group 0 monitoring in case no DCI can be transmitted due to LBT failure.
Agreement from RAN1#99
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.
· …




Also, according to the latest CR for TS38.331 [4], the SSSG switching timer is provided in PDCCH-Config IE, which is configured per DL BWP. This should be reflected in the specification for the SSSG switching timer in TS38.213. In order to correct the error and align RAN2 RRC parameter, we propose a TP for TS 38.213 clause 10.4.
PDCCH-Config information element [4]
-- ASN1START
-- TAG-PDCCH-CONFIG-START

PDCCH-Config ::=                    SEQUENCE {
    ...,
    [[
    controlResourceSetToAddModList-r16  SEQUENCE (SIZE (1..5)) OF ControlResourceSet                 OPTIONAL,   -- Need N
    controlResourceSetToReleaseList-r16 SEQUENCE (SIZE (1..5)) OF ControlResourceSetId-r16           OPTIONAL,   -- Need N
    searchSpacesToAddModList-r16        SEQUENCE(SIZE (1..10)) OF SearchSpace-v16xy                 OPTIONAL,   -- Need N
    searchSpaceSwitchingTimer-r16       INTEGER (1..ffsValue)                                       OPTIONAL,    -- Need R
    searchSpaceSwitchingGroupList-r16   SEQUENCE(SIZE (1..ffsValue)) OF SearchSpaceSwitchingGroup-r16 OPTIONAL, -- Need R
    uplinkCancellation-r16              SetupRelease { UplinkCancellation-r16 }                     OPTIONAL,    -- Need M
    monitoringCapabilityConfig-r16      ENUMERATED { r15monitoringcapability,r16monitoringcapability } OPTIONAL
    ]]
}

SearchSpaceSwitchingGroup-r16 ::=       SEQUENCE(SIZE (1..16)) OF ServCellIndex

-- TAG-PDCCH-CONFIG-STOP
-- ASN1STOP
Proposal 2: Text proposal 2 is adopted in TS 38.213 clause 10.4 to correct the specification to remove the dependency between DCI format 2_0 and SSSG switching time timer, and align with the RRC parameter.
===================================Text proposal 1 starts=======================================
10.4	Search space set switching
*** Unchanged text is omitted ***
A UE can be provided, by searchSpaceSwitchingTimer-r16, a timer value for a DL BWP of a serving cell. 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.
*** Unchanged text is omitted ***
==================================Text proposal 1 ends========================================
Switching from Group 1 monitoring to Group 0 monitoring without detecting DCI 2_0
According to the agreement made in RAN1#99 meeting [1], if the monitoring group flag is present in DCI format 2_0, UE may switch from Group 1 monitoring (search space sets with group index 1) to Group 0 monitoring (search space sets with group index 0) at the earliest slot boundary that is at least P symbols after at least one of the following events is true:
· The end of the slot in which the configured timer expires
· An indicated COT duration is exceeded
Agreement from RAN1#99
When a UE is configured with two groups of search space sets for PDCCH
· …
· 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
…



However, according to the current specification in TS38.213 clause 10.4 [2], if the monitoring group flag is present in DCI format 2_0, all the switching behaviours are performed only when DCI format 2_0 is detected, which is not correct in the case that switching from Group 1 monitoring to Group 0 monitoring triggered by end of channel occupancy duration or timer expiring. Thus, we propose the following text proposal to fix this issue:
Proposal 3: Text proposal 3 is adopted in TS 38.213 clause 10.4 to correct the specification for switching from Group 1 monitoring to Group 0 monitoring triggered by end of channel occupancy duration or timer expiring.
===================================Text proposal 3 starts=======================================
10.4	Search space set switching
*** Unchanged text is omitted ***
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 Clause 11.1.1, and detects the DCI format 2_0 in a slot
-	if the UE detects a DCI format 2_0 and a value of the search space set switching field in the DCI format 2_0 is 0 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 P symbols after the last symbol of the PDCCH with the DCI format 2_0, if a value of the search space set switching field is 0
-	if the UE detects a DCI format 2_0 and a value of the search space set switching field in the DCI format 2_0 is 1 is not monitoring PDCCH according to search space sets with group index 1, the UE starts monitoring 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 P symbols after the last symbol of the PDCCH with the DCI format 2_0, 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 P symbols after a slot where the timer expires or after a last symbol of a remaining channel occupancy duration for the serving cell that is indicated by DCI format 2_0
*** Unchanged text is omitted ***
==================================Text proposal 3 ends========================================
Remaining issues on DCI format 2_0
Presence of SFI-index field in DCI format 2_0 
In RAN1#100bis e-meeting, it was agreed that RAN1 should decide whether R16 supports DCI format 2_0 can be configured without SFI-index field [3].
Agreement from RAN1#100bis
RAN1 to decide in RAN#101e whether R16 supports the case where UE is not configured with SFI-index field but configured with any of the following:  CO-duration, SS-switching trigger and RB-sets indication in DCI format 2_0 




In R15 NR, dynamic SFI indication is the only functionality supported in DCI format 2_0, thus it is nature that SFI-index field is always present when UE is configured to monitoring DCI format 2_0. However, in R16 NR-U, more functionalities are introduced in DCI format 2_0 and RAN1 doesn't have any agreement that these additional functions have to operate with dynamic SFI indication. 
From RRC configuration’s perspective, according to the latest CR for TS38.331 [4] from RAN2, SlotFormat CombinationsPerCell, availableRB-SetPerCell-r16, CO-DurationPerCell-r16 and SearchSpaceSwitchTrigger-r16 are individually and optionally configured in slotformatindictor IE. Thus, in current RRC configuration, it is pretty clear that a DCI format 2_0 can be configured without presence of SFI-index field, and change is not needed in RAN2 specification.
From UE’s point of view, determining remaining channel occupancy duration from DCI format 2_0 could be essential from many aspects. However, determining remaining channel occupancy duration from CO-duration filed would be the baseline instead of SFI-index field since support of dynamic SFI indication is much more complicated than just reading a value from CO-duration filed.
Consequently, in our view, at least R16 should support the case where UE is not configured with SFI-index field but configured with any of the following:  CO-duration, SS-switching trigger and RB-sets indication in DCI format 2_0, and spec changes are necessary for TS38.212 and TS38.213.
Proposal 4: R16 supports the case where UE is not configured with SFI-index field but configured with any of the following:  CO-duration, SS-switching trigger and RB-sets indication in DCI format 2_0, and spec changes are necessary for TS38.212 and TS38.213.

Determine a channel occupancy in FBE 
In RAN1#98bis [5] and RAN1#99 [1] meetings, the following agreements are made for channel occupancy duration indication:
Agreement from RAN1#98bis
Add a COT duration bit-field per serving cell in GC-PDCCH, i.e., DCI format 2_0
· The following are configurable by RRC:
· Presence of this bit-field
· Location of this bit-field in the DCI
· Length of this bit-field in the DCI 
· FFS: Whether a single value will suffice in which case, the length is not configurable
· Encoding of the bit field value, i.e., what COT duration corresponds to which bit-field value
· If a UE receives this bit-field, it applies the knowledge about end-of-COT at least for the purpose of UL transmission LBT category switching in a gNB-acquired COT
· If this field is not present, UE should use SFI indication to determine end-of-COT (if SFI is available)
· FFS: details for this SFI-based mechanism
· FFS: Whether the duration is encoded as e.g., total length or remaining length.
· FFS: Granularity the signalled duration
Agreement from 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.
Agreement from RAN1#99
The UE can be configured with a set of up to [64] values for the COT duration. The COT duration bit field in DCI format 2_0 indicates the COT duration as an index to this set of values.
· The granularity of the duration is in units of OFDM symbols where the symbol duration is according to a configured reference sub-carrier spacing.
Agreement from RAN1#99
When the COT duration field is not configured to the UE in DCI format 2_0, the UE may assume that the duration of the COT is the same as the duration for which SFI is provided in DCI format 2_0.




As we can see, these agreements are not limited to LBE and they are applicable to FBE. Based on either COT duration field or SFI, UE can determine the beginning and the end of a channel occupancy. In R16 NR-U, the determined channel occupancy duration is relevant to the following behaviours:
· Valid time of available RB set indication
· Switch from Cat.4 LBT to Cat.2 LBT for UL transmission for LBE
· Search space set group switching 
In RAN1#100e meeting, some companies propose that UE can implicitly determine a channel occupancy duration in FBE based on a Fixed Frame Period (FFP), e.g., 0.95xFFP, when neither CO duration filed nor SFI field is provided. In our view, although it is reasonable to determine the end of a channel occupancy according to a FFP, how UE know whether the FFP is occupied by gNB is an issue. In RAN1#98bis meeting [5], RAN1 agrees that UL transmissions within a FFP depend on the detection of any DL single/channel. It is possible to use the detection of any DL single/channel to determine whether the FFP is occupied by gNB. However, using the detection of DL single/channel for determining the beginning of a channel occupancy has been intensively discussed in the past RAN1 meetings, and no consensus was reached due to the concern on reliability. Compared with the detection of DL single/channel, GC-PDCCH with explicit indication has better reliability. Consequently, it not essential to define a new mechanism particularly for FBE for determining a channel occupancy without explicit indication of channel occupancy duration. 
Proposal 5: NR-U doesn't support determining a channel occupancy without explicit indication of channel occupancy duration by DCI format 2_0 including:
· Implicitly determine the beginning of a channel occupancy based on detection of DL signal/channel
· Implicitly determine the end of a channel occupancy based on higher layer provided parameter 

Remaining issues on CSI-RS
Validation for periodic/semi-persistent CSI-RS
In RAN1#100e meeting, there was an intensive discussion on how UE validate P/SP CSI-RS reception. Due to uncertainty of channel access, it is difficult to UE to determine the presence of CSI-RS by itself. The need for blind detection of P/SP CSI-RS increases UE complexity and degrades measurement accuracy. To avoid the effort to determine whether the CSI-RS is transmitted by blind detection from UE side, validation rule should be defined for P/SP CSI-RS presence. Based on the official discussion in the thread [100b-e-NR-unlic-NRU-DL_Signals_ and_Channels-03] Email discussion on CSI-RS, we provide the following proposal: 
Proposal 6: For operation with shared spectrum channel access, when a UE is configured by higher layers to receive a CSI-RS in a set of symbols in a slot 
· Introduce a new RRC parameter XYZ-r16 
· If XYZ-r16 is configured to the UE, and the UE is not configured to monitor DCI format 2_0 that includes SFI-index field, and at least for the UE is configured with ChannelAccessType-r16 = dynamic
· When the UE is not configured to monitor DCI format 2_0, if the UE does not detect a DCI format indicating to the UE to receive CSI-RS or PDSCH in the set of symbols, the UE doesn't receive the CSI-RS in the set of symbols in the slot.
· When the UE is configured to monitor DCI format 2_0 that includes CO-duration field, if the UE does not detect a DCI format 2_0 indicating to the UE the set of symbols are within a remaining channel occupancy duration, and the UE does not detect a DCI format indicating to the UE to receive CSI-RS or PDSCH in the set of symbols, the UE doesn't receive the CSI-RS in the set of symbols in the slot.
· FFS: for the UE is configured with ChannelAccessType-r16 = semi-static
· Otherwise
· UE performs or cancels the CSI-RS reception in the set of symbols in the slot as in Rel-15
· Introduce a new UE capability “CSI-RS reception configured by higher layers when XYZ-r16 is not configured”
There are some points:
1. We see that when UE is configured to monitor DCI format 2_0 including SFI-index field, R15 specification already well defines how to validate P/SP CSI-RS reception based on dynamic SFI indication. Thus, it not necessary to define any new validation rule for this case.
2. It is beneficial to introduce a new RRC parameter (e.g., XYZ-r16) to let gNB has flexibility to control whether apply the new validation rule(s). However, as we mentioned above, UE would be difficult to determine the presence of CSI-RS without any newly defined validation rule. Thus, a new UE capability has to be introduced for this case. 
3. For the case if XYZ-r16 is configured to the UE and the UE is not configured to monitor DCI format 2_0, we see that one of the good candidates for validating P/SP CSI-RS reception is based on dynamically scheduled DL transmission including PDSCH and AP CSI-RS. We expect that it has less impact on UE implementation at least for CSI processing timeline. This is because the processing time required by UE for dynamically scheduled PDSCH/CSI-RS reception is already clearly defined in R15 spec, and it is natural for UE to receive P/SP CSI-RS when UE decides to receive the scheduled DL transmission on the same symbols. In precious meeting, some companies proposed to validate P/SP CSI-RS reception based on SSB/PDCCH/PDSCH detection, i.e., receives CSI-RS in a set of symbols if UE detects SSB/PDCCH/PDSCH in the set of symbols; otherwise, cancel the CSI-RS reception in the set of symbols. However, the UE processing time for detecting SSB/PDCCH/PDSCH will be taken into account in the CSI processing timeline, and it will pose a risk if spec doesn’t well define the UE required processing time for the new behavior. Thus, from UE’s perspective, validating P/SP CSI-RS reception based on SSB/PDCCH/PDSCH detection is not preferred. 
4. [bookmark: _GoBack]For the case if XYZ-r16 is configured to the UE and the UE is configured to monitor DCI format 2_0 including CO-duration field (SFI-index is not present), it is natural to cancel P/SP CSI-RS reception when the P/SP CSI-RS symbols are not fully located within an indicated remaining channel occupancy duration and no DL reception is scheduled on the P/SP CSI-RS symbols.
5. The validation rules in this proposal could be used at least for LBE. For FBE, detection of DL channel or signal could be used to validate the entire COT configured by FFP. However, since RAN1 doesn't have any agreement and specification on determining a remaining channel occupancy duration based on the configured FFP and detection of DL channel or signal, the P/SP CSI-RS validation for FBE UE could be further discussed after related agreement and specification are made.
Conclusion
Based on the discussion on the remaining issues in the previous section, we made the following proposals:
Proposal 1: Text proposal 1 is adopted in TS 38.213 clause 10.4 to correct the specification for UE applying the minimum SSSG switching time according to corresponding UE processing capability.
Proposal 2: Text proposal 2 is adopted in TS 38.213 clause 10.4 to correct the specification to remove the dependency between DCI format 2_0 and SSSG switching time timer, and align with the RRC parameter.
Proposal 3: Text proposal 3 is adopted in TS 38.213 clause 10.4 to correct the specification for switching from Group 1 monitoring to Group 0 monitoring triggered by end of channel occupancy duration or timer expiring.
Proposal 4: R16 supports the case where UE is not configured with SFI-index field but configured with any of the following:  CO-duration, SS-switching trigger and RB-sets indication in DCI format 2_0, and spec changes are necessary for TS38.212 and TS38.213.
Proposal 5: NR-U doesn't support determining a channel occupancy without explicit indication of channel occupancy duration by DCI format 2_0 including:
· Implicitly determine the beginning of a channel occupancy based on detection of DL signal/channel
· Implicitly determine the end of a channel occupancy based on higher layer provided parameter 
Proposal 6: For operation with shared spectrum channel access, when a UE is configured by higher layers to receive CSI-RS in a set of symbols in a slot 
· Introduce a new RRC parameter XYZ-r16 
· If XYZ-r16 is configured to the UE, and the UE is not configured to monitor DCI format 2_0 that includes SFI-index field, and at least for the UE is configured with ChannelAccessType-r16 = dynamic
· When the UE is not configured to monitor DCI format 2_0, if the UE does not detect a DCI format indicating to the UE to receive CSI-RS or PDSCH in the set of symbols, the UE doesn't receive the CSI-RS in the set of symbols in the slot.
· When the UE is configured to monitor DCI format 2_0 that includes CO-duration field, if the UE does not detect a DCI format 2_0 indicating to the UE the set of symbols are within a remaining channel occupancy duration, and the UE does not detect a DCI format indicating to the UE to receive CSI-RS or PDSCH in the set of symbols, the UE doesn't receive the CSI-RS in the set of symbols in the slot.
· FFS: for the UE is configured with ChannelAccessType-r16 = semi-static
· Otherwise
· UE performs or cancels the CSI-RS reception in the set of symbols in the slot as in Rel-15
· Introduce a new UE capability “CSI-RS reception configured by higher layers when XYZ-r16 is not configured”
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