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1 Introduction
This contribution discusses the following remaining issues of DL control signaling and channel under NR-U WI. 
· Search Space Set Group Switching 
· CSI-RS Reception Procedure
2. Discussion
2.1	Search Space Set Group (SSSG) Switching 
[bookmark: _Hlk32528055]NR-U supports switching between two search space sets group either triggered by DCI format or either expiration of searchSpaceSwitchingTimer or the end of a COT indicated by DCI format 2_0. More specifically, two processing time P1 and P2 were originally introduced for these two switching mechanisms. The processing time P1 corresponds to the case where explicit switching is performed and P2 corresponds to the case where the UE performs implicit switching based on the timer expiration. In the RAN1 100-e-meeting, discussions on the value of processing times P1 and P2 to switch search spaces occurred and it was agreed to use a same value P for these two parameters. However, the exact value of P still remains open. 
In general, at least two sequential steps are involved in the search space group switching operation, one is PDCCH decoding (either DCI format 2_0 or a scheduling DCI format in Group 0) and the other is intra-UE communication. Correspondingly, the value of processing time P should provide sufficient margin for these two sequential steps even in the worst cases. For example, in case of SearchSpaceSwitchTrigger-r16 is not configured for a given UE and a DCI format is detected in the last PDCCH monitoring occasion close to the end of slot n, the earliest slot that UE can switch to Group-1 based on the detected scheduling DCI maybe slot n+3, taking into account both PDCCH processing time and lead time to configure the switched group. We therefore propose P = 25 symbols for both 15kHz and 30kHz SCS. If DCI format 2_0 is received at the first three symbol of slot n, this value also provides the benefit of enabling SSSG switch at the start of slot n+2 to better serve the power saving purpose.  For the case of 60kHz, P1/P2=53 symbols is preferable based on similar rationale. 
Proposal 1: The processing time for search space sets group switching is defined as follows:
· P = 25 symbols for 15kHz and 30kHz SCS. 
· P = 53 symbols for 60kHz SCS

Another aspect with regard to search space set switching is how to interpret P value when different numerologies are configured for different DL CCs in a CC group e.g. one is 15kHz and the other is 30kHz SCS. 
There are two different alternatives for SSSG operation as follows: 
· Alt.1: The smallest numerology across CCs within a CC group is used to determine a common P value and the first slot of switching for all CCs within a CC-group. 
· Alt.2: P values and the first slot for switching are determined independently on a per CC basis based on the DL SCS configured for each CC. 
[image: ]
FIG.1 provides one example of SSSG switching assuming 15kHz SCS on CC#1 and 30khz SCS on CC2. It is our view that Alt.1 is a simpler and cleaner solution, which operates the SSSG switching mechanism on a per CC group basis by referring to a group-specific switching point and is well-aligned aligned with the motivation and definition of CC group switching. Although Alt.2 achieves more faster SSSG switching for CC(s) with larger SCS e.g. CC1 in FIG.1, it results in different switching instances for different serving cells in a CC group if different numerologies are configured for them. More specifically, if the intended UE behaviour is Alt.2 i.e. triggering different switching points for different CCs even in a same group, it is then questionable about the need of CCs grouping since the same UE behaviour can be achieved even without introducing any group configuration. Note that, for the case of different numerologies for different CCs, the processing time budget for SSSG switching becomes more complicated due to PDCCH decoding time and intra-UE communication time have to be determined separately based on SCS configured for the CC where DCI format is transmitted (i.e. CC0 in FIG.1) and a different SCS configured for the other CC where SSS switching occurs (e.g. CC1 in FIG.1). As one consequence, additional standard/implementation/testing efforts are needed to define new switching latency  accounting for the difference between the same and different numerologies across CCs within a CC group. Based on the analysis above, Alt.1 is preferable for us to enable SSSG switching for the case when different numerologies are used on different CCs within a same CG. 
Proposal 2: 
· For the case of different numerologies on CCs within a CC group, the smallest numerology across CCs within a CC group is used to determine a common P value and the first slot of switching for all CCs within a CC-group to support SSSG switching.
· TP1 implement the Alt.1.

>>> Text Proposal TP1 for 38.213, Section 10.4>>>
*** Unchanged text 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 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 corresponding to the smallest DL SCS configuration among all serving cells within a same group 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 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 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 corresponding to the smallest DL SCS configuration among all serving cells within a same group 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 corresponding to the smallest DL SCS configuration among all serving cells within a same group 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
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, 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 corresponding to the smallest DL SCS configuration among all serving cells within a same group 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 corresponding to the smallest DL SCS configuration among all serving cells within a same group 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
*** Unchanged text omitted ***
>>> End Text Proposal >>>

2.2	CSI-RS and SPS PDSCH Reception Procedure 
As in Rel-15, NR-U supports DL transmissions that are semi-statically configuration by higher layers including periodic, semi-persistent CSI-RS transmission/reporting, CSI-IM and DL SPS transmission. However, it is possible that these semi-statically configured DL resources maybe actually not transmitted by gNB due to LBT failure. The monitoring and blind detection of P/SP-CSI-RS at each configured occasion causes unnecessary UE complexity and power consumption especially for the case of frequent detection and monitoring with a small period. Moreover, the uncertainty of CSI-IM resources makes it challenging for interference measurement. 
In Rel-15 NR, if a UE is configured with semi-static DL transmission (i.e. P/SP-CSI-RS and DL SPS) and detects a DCI format 2_0 indicating at least one symbol of these transmissions resource is flexible or is configured to monitor but doesn’t detect a DCI format 2_0 providing a slot format for the slot, the UE cancels CSI-RS and DL SPS PDSCH reception. For NR-U, the DCI format 2_0 was enhanced to indicate the COT duration. Inline with the basic principle of Rel-15, it makes sense to leverage this enhanced signal to implicitly indicate the presence of P/SP-CSI-RS, CSI-IM and SPS PDSCH so as to address the concern of power consumption at UE. Hence, the DCI format 2_0 serves two purposes for NR-U to improve UE power efficiency: COT indication and the P/SP-CSI-RS/CSI-IM/SPS PDSCH presence indicator. For example, the UE may only process the P/SP-CSI-RS/CSI-IM/SPS PDSCH if all of symbols fall in the valid COT indicated by DCI format 2_0. It should be noted that the P/SP-CSI-RS configuration is still fully controlled by gNB and can be utilized as long as the associated DCI format 2_0 is transmitted. 

For the aperiodic CSI-RS reception, the same problem of UE power consumption exists since the triggered CSI-RS maybe not transmitted if it is out of COT and LBT failed for the transmission. This problem can be easily solved by ensuring the A-CSI-RS is located within COT signalled by DCI format 2_0 so as to simplify the UE implementation for A-CSI-RS transmission detection. 


Proposal 3:
· UE assumes the presence of P/SP-CSI-RS/CSI-IM/SPS PDSCH only if all of symbols are located within the COT that is indicated by DCI format 2_0. 
· Aperiodic CSI-RS and its triggering DCI format are transmitted within a same COT. 
· TP2, TP3 and TP4 implement the proposal.  

>>> Text Proposal TP2 for 38.214, Section 5.1.6.1>>>
*** Unchanged text omitted ***
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For operation with shared spectrum channel access, the UE is not expected to receive a CSI-RS/CSI-IM resource if it is not within a channel occupancy duration for the serving cell that is indicated by DCI format 2_0. 
*** Unchanged text omitted ***
>>> End Text Proposal >>>

>>> Text Proposal TP3 for 38.214, Section 5.1.6.1.1>>>
*** Unchanged text omitted ***
For operation with shared spectrum channel access, the UE is not expected to receive a NZP CSI-RS resource configured with higher layer parameter trs-Info if any of the NZP CSI-RS resources in the NZP CSI-RS resource set is not within a channel occupancy duration for the serving cell that is indicated by DCI format 2_0. 
*** Unchanged text omitted ***
>>> End Text Proposal >>>

>>> Text Proposal TP4 for 38.214, Section 5.1>>>
*** Unchanged text omitted ***
For operation with shared spectrum channel access, the UE is not expected to receive a PDSCH with SPS if it is not within a channel occupancy duration for the serving cell that is indicated by DCI format 2_0. 
*** Unchanged text omitted ***
>>> End Text Proposal >>>


3. Conclusion
Based on the discussions in the previous sections, we proposed the following: 
Proposal 1: The processing time for search space sets group switching is defined as follows:
· P = 25 symbols for 15kHz and 30kHz SCS. 
· P = 53 symbols for 60kHz SCS
Proposal 2: 
· For the case of different numerologies on CCs within a CC group, the smallest numerology across CCs within a CC group is used to determine a common P value and the first slot of switching for all CCs within a CC-group to support SSSG switching.
· TP1 implement the Alt.1.
Proposal 3:
· UE assumes the presence of P/SP-CSI-RS/CSI-IM/SPS PDSCH only if all of symbols are located within the COT that is indicated by DCI format 2_0. 
· Aperiodic CSI-RS and its triggering DCI format are transmitted within a same COT. 
· TP2, TP3 and TP4 implement the proposal.  
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Figure 1: SSSG switching operation for CCs in a same group but with different SCS
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