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Introduction
[bookmark: _GoBack]In RAN1 #99, the normative work on all RAN1 essential topics for Rel-16 NR-U was finalized. However, there are remaining issues to be addressed for stabilization of the specifications. In this contribution, some of the remaining issues are discussed, by focusing on DL signals and channels.

Discussion
The TS 38.213 V16.0.0 describes PDCCH monitoring group switching operation based on the relevant agreements made in RAN1 #99. In this section, a couple of related issues are discussed. The RAN1 #99 agreements are captured in the following [1]:
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)  Mode 1
· 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)  Mode 2
· 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)  Mode 3
· 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
Agreement:
Search space set groups for the purpose of search space set group switching are configurable per BWP

#1) Implicit switching from group #1 to #0
UE switches SS set from group #1 (corresponds to Group2) to group #0 (corresponds to Group1) when the configured timer is expired. The timer can be started or restarted by a certain triggering condition. In Mode 1, the timer starts or restarts when UE detects a DCI format 2_0 with flag=1. While in Mode 2 and 3, it is started or restarted by reception of any PDCCH in any group.
In the current TS 38.213, the timer restart case for Mode 1 is missing, and only timer start case is captured. The TP in the below (red color part) is one possible way for modification. Only the 2nd bullet is directly related, but other parts have been similarly updated for description consistency.
The switching from group #1 to group #0 can also be applied at the end of the indicated COT duration. The TP also proposes a correction to precisely capture the condition for that behaviour (blue color part).
Proposal 1: To adopt the following TP in order to 1) add the timer restart case when the monitoring group flag is present in DCI format 2_0, 2) correct the condition for implicit switching based on indicated COT duration.
------------------------------------- Start of a TP for TS 38.213 Subclause 10.4 ------------------------------------
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 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 monitors starts monitoring PDCCH according to search space sets with group index 0, and does not monitor stops monitoring PDCCH according to search space sets with group index 1, on the serving cell from 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 does not monitor stops monitoring PDCCH according to search space sets with group index 0, on the serving cell from 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 monitors starts monitoring PDCCH on the serving cell according to search space sets with group index 0, and does not monitor stops monitoring PDCCH according to search space sets with group index 1, on the serving cell from at the beginning of the first slot that is at least P1 symbols after a slot where the timer expires or, if the UE is provided by CO-DurationPerCell-r16 a location and a length of a channel occupancy duration field for the serving cell in 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
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 monitors starts monitoring PDCCH according to search space sets with group index 1, and does not monitor stops monitoring PDCCH according to search space sets with group index 0, on the serving cell from at a first slot that is at least P2 symbols after the slot in the active DL BWP of a serving cell, and 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 monitors starts monitoring PDCCH on the serving cell according to search space sets with group index 0, and does not monitor stops monitoring PDCCH according to search space sets with group index 1, on the serving cell from 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 by CO-DurationPerCell-r16 a location and a length of a channel occupancy duration field for the serving cell in 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
--------------------------------------------------------- End of a TP ------------------------------------------------------

In Mode 1, since the timer operation is only affected by the GC-PDCCH, it is simple for gNB to manage the PDCCH monitoring status of every UE in a serving cell. For example, the timer value can be set as the largest possible COT duration or such. DCI format 2_0 carrying the switching flag can once be transmitted in each COT at the beginning. Then, all UEs will follow a common PDCCH monitoring switching pattern. The timing when the timer expires can also be easy to be expected.
On the contrary, when UE operates under Mode 2 or 3, the timer is updated by any PDCCH. The timing of the timer expiration is determined by the last received PDCCH of each UE, which is also correlated with the amount of DL/UL traffic and common/broadcast DCI transmission. Therefore, if the timer value is large, sometimes the timer would still be running for some period outside a COT. If the time value is small, sometimes the timer may be expired in the middle of a COT. Multiple UEs may have different switching pattern due to different PDCCH reception timing.
By a certain extent the scheduler can handle the situation, but it would cause complicated scheduling and management of LBT attempts. One potential approach to relieve the effort from the gNB side is to define a certain time gap between timer update events. For example, once the timer is started or restarted, the timer updated can be prohibited until a time window passes even though a PDCCH is received. This may help to break the dependency to the aforementioned elements.
Proposal 2: Define a minimum time gap between timer update events, during which the timer update is prohibited.

#2) Applicable frequency range of switching behaviour
It would be good to clarify the range of RB set(s) where the PDCCH switching behaviour (let’s say process) is applicable. In our understanding, a common switching process is applied to all RB sets within a carrier (i.e., a bandwidth part) although not mentioned in the specification. In addition, some RB set(s), for example, undetected RB set(s) can be excluded from the PDCCH monitoring set up to UE implementation.
On the other hand, NR-U wideband operation includes the CA scenario where multi-carrier LBT is performed in a group of (adjacent) carriers. Based on the current wording, one switching process is not applicable across multiple carriers. UE should process the PDCCH switching independently in each carrier, which means in general the switching points of the carriers would not be aligned in particular in Mode 2 and 3 where the GC-PDCCH is unable to be used. This would complicate the whole wideband operation based on CA. Fig. 1 illustrates an example of switching point mismatch across carriers. In the figure it is shown that this mismatch would also impact the wideband LBT operation.



Fig. 1. An example for mismatch of SS set switching points across carriers

The mismatch can also be originated from cross-carrier scheduling. As shown in Fig. 2, UE may receive a PDCCH in the 2nd carrier and a scheduled PDSCH in the 1st carrier in the same slot (slot n). UE would assume both carriers are available for DL burst transmission, but UE would perform PDCCH monitoring switching to group #1 only in the 2nd carrier. As a result, the PDCCH monitoring patterns becomes different between the two carriers.



Fig. 2. Another example for mismatch of SS set switching points across carriers

The following solutions can be considered:
· Implementation-based solution (no specification impact): PDCCH/PDSCH scheduling and LBT operation are carefully performed against the monitoring mismatch.
· Spec-based solution
· Alt. 1: Support the case where one SS set switching process is applied to a group of carriers. For example, “a/the serving cell” can be modified as “a/the group of serving cell(s)” in TS 38.213 Subclause 10.4.
· There may be a RRC impact as currently PDCCH-related configurations are per carrier property.
· Alt. 2: Add “PDSCH reception” as a switching triggering condition.
· Only the cross-carrier scheduling case (Fig. 2) can be resolved.
Proposal 3: Consider a SS set switching operation for a group of carriers and potential solutions listed above.

#3) Symbol location for reception of DCI format 2_0
When DCI format 2_0 is used for SS set switching, it is beneficial and feasible to allow the reception of DCI format 2_0 at any symbol (or except P1 or P2 last symbols) of a slot. By doing so, the monitoring group flag can be delivered in the beginning of a COT (if available RB set indication is not included) and more unnecessary blind decodes can be skipped at the UE side.
Proposal 4: At least for SS set switching purpose, allow reception of DCI format 2_0 in any symbol (or except P1 or P2 last symbols) of a slot.

Conclusion
In this contribution, remaining issues on DL signals and channel for Rel-16 NR-U are discussed. The following four proposals are derived:
Proposal 1: To adopt the following TP: 1) to add the timer restart case when the monitoring group flag is present in DCI format 2_0, 2) to correct the condition for implicit switching based on indicated COT duration.
------------------------------------- Start of a TP for TS 38.213 Subclause 10.4 ------------------------------------
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 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 monitors starts monitoring PDCCH according to search space sets with group index 0, and does not monitor stops monitoring PDCCH according to search space sets with group index 1, on the serving cell from 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 does not monitor stops monitoring PDCCH according to search space sets with group index 0, on the serving cell from 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 monitors starts monitoring PDCCH on the serving cell according to search space sets with group index 0, and does not monitor stops monitoring PDCCH according to search space sets with group index 1, on the serving cell from at the beginning of the first slot that is at least P1 symbols after a slot where the timer expires or, if the UE is provided by CO-DurationPerCell-r16 a location and a length of a channel occupancy duration field for the serving cell in 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
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 monitors starts monitoring PDCCH according to search space sets with group index 1, and does not monitor stops monitoring PDCCH according to search space sets with group index 0, on the serving cell from at a first slot that is at least P2 symbols after the slot in the active DL BWP of a serving cell, and 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 monitors starts monitoring PDCCH on the serving cell according to search space sets with group index 0, and does not monitor stops monitoring PDCCH according to search space sets with group index 1, on the serving cell from 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 by CO-DurationPerCell-r16 a location and a length of a channel occupancy duration field for the serving cell in 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
--------------------------------------------------------- End of a TP ------------------------------------------------------

Proposal 2: Define a minimum time gap between timer update events, during which the timer update is prohibited.
Proposal 3: Consider a SS set switching operation for a group of carriers and potential solutions listed above.
Proposal 4: At least for SS set switching purpose, allow reception of DCI format 2_0 in any symbol (or except P1 or P2 last symbols) of a slot.

References
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