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1. Introduction
This contribution discusses remaining aspects on physical DL channel design for NRU.
2. [bookmark: _Ref498564494]Discussion
1. 
2. 
[bookmark: _Ref521492551]Search space group switching
In RAN1#99 [1], the following agreement was made on search space group switching [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) 
· 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) 
· 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) 
· 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 behavior is applicable can be configured via RRC

[bookmark: PP12]From the above agreement, UE could be configured with two separate search space (SS) group but only one SS group is active in a certain time duration. The details on implicit or explicit switching condition are also provided in the above agreement. However, which group should be monitored immediately after RRC configuration on SS, or switching to another cell or BWP, DRX on and etc. So, there is need to define a default search space set group to serve the above purpose.
[bookmark: _Ref23948315]Proposal 1: One default SS group (i.e. search space sets with group index 0) should be specified for UE to perform PDCCH monitoring after RRC configuration on SS, switching to another BWP or cell, from DRX off to DRX on.
[bookmark: _Ref32412110][bookmark: _Ref37083670]Proposal 2: RAN1 adopt the following TP1 on section 10.4 of TS 38.213.
------------------------------------------- Start TP1 for Section 10.4 of TS 38.213 --------------------------------------
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.
In default, search space sets with group index 0 will be monitored immediately after receiving RRC configuration on search space sets, switching to another BWP or cell, switching from DRX off to DRX on.
--------------------------------------------- End TP1 for Section 10.4 of TS 38.213 --------------------------------------
COT duration indication
In RAN1#100e [2], the following agreement was made on COT duration indication:Agreement:
The value for a single channel occupancy duration value (co-Duration-r16) can range from 0 to 20 ms with a granularity of one symbol.

Clearly, COT duration is in symbol level granularity so that the start of this COT indication should be also a certain symbol. However, current spec in section 11.1.1 of TS 38.213 says “CO-DurationPerCell-r16 indicates a remaining channel occupancy duration for the serving cell starting from a slot where the UE detects the DCI format 2_0 by providing a value from CO-DurationList-r16”, which doesn’t specify the concrete starting symbol. Then we propose to use the first symbol of PDCCH where the UE detects the DCI format 2_0 as the start of indicated COT duration. Using the first symbol here instead of the last symbol is to avoid the misunderstanding between gNB and UE when early decoding of PDCCH happens. For example, gNB transmits one PDCCH carrying COT information with AL16 in 2-symbol coreset but UE decode the PDCCH with AL8 in the first symbol. In this case if using last symbol of the PDCCH, gNB uses the 2nd symbol while UE assumes the 1st symbol of PDCCH as starting symbol of COT indication. Thus, using the first symbol of PDCCH could avoid such misunderstanding between gNB and UE.
[bookmark: _Ref37168436]Proposal 3: RAN1 adopt the following TP2 on section 11.1 of TS 38.213.
------------------------------------------- Start TP2 for Section 11.1 of TS 38.213 --------------------------------------
· a location of a channel occupancy duration field in DCI format 2_0, by CO-DurationPerCell-r16, that indicates a remaining channel occupancy duration for the serving cell starting from a slot the first symbol of PDCCH where the UE detects the DCI format 2_0 by providing a value from CO-DurationList-r16. The channel occupancy duration field includes  bits, where  is the number of values provided by CO-DurationList-r16. If CO-DurationPerCell-r16 is not provided, the remaining channel occupancy duration for the serving cell is a number of slots, starting from a slot where the UE detects the DCI format 2_0, that the SFI-index field value provides corresponding slot formats.
--------------------------------------------- End TP2 for Section 11.1 of TS 38.213 --------------------------------------
Periodic/Semi-persistent CSI-RS validation
In NR Rel15, UE could be configured with periodic/semi-persistent CSI-RS associated with CSI reporting. For each CSI reporting, one CSI reference slot will be defined, i.e. nCSI_ref  slots before the CSI reporting slot. nCSI_ref depends on SCS setting and number of configured CSI-RS resource. For example, assuming SCS is 15KHz for both DL and UL, and only one CSI-RS resource is configured, nCSI_ref is smallest value greater than or equal to 4 such that it is a valid DL slot. 
As shown in Figure 1(a), if a UE is not configured with time Restriction for Channel Measurements, the UE shall derive the channel measurements for computing CSI value reported in uplink slot n based on only the NZP CSI-RS, no later than the CSI reference resource associated with the CSI resource setting.
As shown in Figure 1(b), if a UE is configured with time Restriction for Channel Measurements, the UE shall derive the channel measurements for computing CSI reported in uplink slot n based on only the most recent, no later than the CSI reference resource, occasion of NZP CSI-RS associated with the CSI resource setting.
[image: ]
[bookmark: _Ref16615050]Figure 1   Periodic CSI-RS transmission and CSI reporting
However, for NRU, configured periodic/semi-persistent CSI-RS may not be transmitted due to LBT failure, e.g. CSI-RS #2 is not transmitted due to LBT failure. In this case, UE should skip measurement on this non-transmitted CSI-RS. To avoid the effort to determine whether the CSI-RS is transmitted or not by detection from UE side, validation rule should be defined for periodic/semi-persistent CSI-RS presence. First, SFI in DCI 2_0 could provide one candidate for such validation rule. In NR Rel-15, if SFI is configured but not detected or indicated as not downlink for any symbol where CSI-RS is configured by higher layer (i.e. periodic/semi-persistent), the CSI-RS transmission is cancelled. From UE side, it only assumes that periodic/semi-persistent CSI-RS indicated as DL by SFI is valid when SFI is configured. From gNB side, it will indicate the CSI-RS symbol as DL when guaranteeing that CSI-RS can be transmitted (i.e. within the COT). Similarly, COT information could also be used for validation of CSI-RS. Second, scheduled PDSCH transmission within the same slot can be another candidate for CSI-RS validation, i.e. UE will assume CSI-RS presence when PDSCH is scheduled within the same slot. Third, as discussed in [3], UE will assume the CSI-RS is transmitted when the QCLed SSB is detected within the same slot.
[bookmark: _Ref37100863][bookmark: _Ref37168385]Proposal 4: Besides SFI based UE behavior in NR Rel-15, UE will assume periodic/semi-persistent CSI-RS is present when one of the following conditions is met:
· Indicated within a COT by DCI 2_0;
· PDSCH scheduled within the same slot;
· QCLed SSB detected within the same slot.
3. Conclusion
In this contribution, we focus on the remaining issues of physical DL channel design, and have the following proposal:
Proposal 1: One default SS group (i.e. search space sets with group index 0) should be specified for UE to perform PDCCH monitoring after RRC configuration on SS, switching to another BWP or cell, from DRX off to DRX on.
Proposal 2: RAN1 adopt the following TP1 on section 10.4 of TS 38.213.
Proposal 3: RAN1 adopt the following TP2 on section 11.1 of TS 38.213.
Proposal 4: Besides SFI based UE behavior in NR Rel-15, UE will assume periodic/semi-persistent CSI-RS is present when one of the following conditions is met:
· Indicated within a COT by DCI 2_0;
· PDSCH scheduled within the same slot;
· QCLed SSB detected within the same slot.
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