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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 switching
In R16 NR-U, UE can be provided with a group index 0 or 1 for a respective search space set and configured to switch between the two groups, and 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 P symbols after the last symbol of the corresponding event, as shown in Figure 1, and P should not be less than the processing time required by UE for performing search space set group switching. In [1], the processing times in Table 5.5-1 of 38.214 [2] are reused for the processing times for search space set switching. However, clearly, the values are not reasonable since they only consider the UE required processing time for decoding the message from DCI and ignores the UE required processing time for performing PDCCH monitoring switching. According to the UE required processing time for both decoding the message from DCI and performing PDCCH monitoring switching, we propose the values of P in different numerologies in Table 1.
Proposal 1: Adopt Table 1 for values of P in TS 38.213 clause 11.5.2.

Table 1. UE processing time P for search space set group switching
	[image: cid:image005.png@01D5E1B7.F332DFC0]
	Values of P [symbols]

	0
	8

	1
	10

	2
	18



2) Switching from Group 1 monitoring to Group 0 monitoring without detecting DCI 2_0
According to the agreement made in RAN1#99 meeting [2], 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
However, according to the current specification in TS38.213 clause 10.4 [3], 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 2: Text proposal 1 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 1 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 1 ends========================================
Determine a channel occupancy in FBE 
In RAN1#98bis [4] and RAN1#99 [2] 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 [4], 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 3: 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 

Handling the unprepared available-RB-set information at the beginning of DL transmission burst
In RAN1#100e meeting, there were discussions on how to indicate available RB-set at the beginning of DL transmission burst if it has no enough time to prepare exact available-RB-set information. To address this issue, some companies propose to define a special state in available-RB-set indication and/or CO duration/SFI indication to indicate that the detected DCI format 2_0 does not provide the actual frequency domain availability. However, we don’t see why it is necessary to define a special state for this purpose since gNB can handle this issue according to current specifications. For example, gNB could choose not to transmit DCI format 2_0 if the available-RB-set information is unprepared. Then, UE still performs configured DL receptions, e.g., PDCCH monitoring and CSI-RS reception, in all RB sets on the DL BWP as usual. 
Even a special state is defined, how UE assume the availability of the RB sets in a carrier if UE detects a DCI format 2_0 indicating the special state? If UE assumes all RB sets are unavailable, it seems meaningless to indicate such information to UE. If UE assumes all RB sets are available, it will lead to violation of regulation since UE may switch LBT from Cat.4 to Cat.2 for UL transmissions even the UL transmissions are not fully located in a channel occupancy in frequency domain. If UE assumes all RB sets are neither available nor unavailable, i.e., unknown, it is equivalent to the DCI format 2_0 is not transmitted/detected. 
Consequently, we don't any benefit to define a special state for handling the unprepared available-RB-set information at the beginning of DL transmission burst.
[bookmark: _GoBack]Proposal 4: It is not necessary to define a special state in available-RB-set/CO duration/SFI indication to indicate that the detected DCI format 2_0 does not provide the actual frequency domain availability.

Average CSI-RS measurement across different transmission bursts
In RAN1 #99 meeting [2], the following agreement regarding CSI-RS power assumption was made:
	Agreement from RAN1#99
A UE shall not average CSI-RS measurements for channel estimation across different transmission bursts from the UE's perspective.
· FFS: Potential issues due to AGC



The agreement is captured in TS38.214 clause 5.2.1.1 [3] as below:
	Extract from clause 5.2.1.1 in TS38.214 [3]:
For operation with shared spectrum channel access, the UE should not average CSI-RS measurements for channel estimation from occasions of an NZP CSI-RS (defined in [4, TS 38.211]) located in different DL transmissions burst (defined in [X, TS 37.213]).


However, the definition of DL transmission burst in TS 37.213 is specified from gNB point of view as follows, which is not aligned with the agreement where the transmission bursts should be defined from the UE’s perspective. 
Extract from clause 4.0 in TS37.213 [5]:
A DL transmission burst is defined as a set of transmissions from an eNB/gNB without any gaps greater than . Transmissions from an eNB/gNB separated by a gap of more than  are considered as separate DL transmission bursts. An eNB/gNB can transmit transmission(s) after a gap within a DL transmission burst without sensing the corresponding channel(s) for availability.

In the current specification, the only way that UE can know the exact DL transmission burst is based on the indicated CO duration by DCI format 2_0. Thus, whether CSI-RS occasions are located in different DL transmissions burst should be determined according to the indicated CO duration. Otherwise, it incurs ambiguity between gNB and UE. In our view, UE may average CSI-RS measurements for channel estimation from different occasions of an NZP CSI-RS in case of:
· All occasions are indicated by DCI format 2_0 as being within remaining channel occupancy duration and no duration of more than  in between the occasions is not within remaining channel occupancy duration.
· All occasions are not within remaining channel occupancy duration and no duration in between the occasions is indicated by DCI format 2_0 as being within remaining channel occupancy duration.  
For other cases, UE should not average CSI-RS measurements for channel estimation from different occasions.
[image: ]
Figure 2. Examples of averaging CSI-RS measurements for channel estimation from different occasions
Proposal 5: Text proposal 2 is adopted in TS 38.214 clause 5.2.1.1 to align with the RAN1 agreement that transmission bursts should be determined from the UE's perspective.
===================================Text proposal 2 starts=======================================
5.2.1.1	Reporting settings
*** Unchanged text is omitted ***
For operation with shared spectrum channel access, the UE should not may average CSI-RS measurements for channel estimation from occasions of an NZP CSI-RS (defined in [4, TS 38.211]) located in different DL transmissions burst (defined in [X, TS 37.213]). if:
· all occasions are indicated by DCI format 2_0 as being within remaining channel occupancy duration and no duration of more than 16us in between the occasions is not within remaining channel occupancy duration, or
· all occasions are not within remaining channel occupancy duration and no duration in between the occasions is indicated by DCI format 2_0 as being within remaining channel occupancy duration.  
*** Unchanged text is omitted ***
==================================Text proposal 2 ends========================================

Conclusion
Based on the discussion on the remaining issues in the previous section, we made the following proposals:

Proposal 1: Adopt Table 1 for values of P in TS38.213 clause 11.5.2.

Table 1. UE processing time P for search space set group switching
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	Values of P [symbols]

	0
	8

	1
	10

	2
	18



Proposal 2: Text proposal 1 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 3: NR-U doesn't support determining a channel occupancy without explicit indication of channel occupancy duration in 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 4: It is not necessary to define a special state in available-RB-set/CO duration/SFI indication to indicate that the detected DCI format 2_0 does not provide the actual frequency domain availability.
Proposal 5: Text proposal 2 is adopted in TS38.214 clause 5.2.1.1 to align with the RAN1 agreement that transmission bursts should be determined from the UE's perspective.
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