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Introduction
In the agreement of RAN1#103e, at least one of the candidate schemes, i.e. Search space set group switching and PDCCH adaptation, is considered as the Rel-17 dynamic PDCCH adaptation and which option(s) adopted needs to be further studied. The candidate DCI formats for dynamic PDCCH adaptation including the UE specific DCI, i.e. DCI format 1_1 (including scheduling and non-scheduling DCI), 0_1, 1_2 and 0_2, and the group common DCI, i.e. DCI format 2_0 and 2_6, would be also carefully analysed on specification impact, power saving benefit and system impact, etc.
	Agreements:
· [bookmark: OLE_LINK14][bookmark: OLE_LINK15]Specify at least one of the following options for Rel-17 dynamic PDCCH adaptation for active time,
· Option 1: Search space set group switching, e.g., including explicit and implicit search space set group switching 
· Option 2: PDCCH adaptation for a certain duration / DRX cycle
· FFS: which option(s)
· Candidate DCI formats for dynamic PDCCH adaptation include DCI formats 1_1(including scheduling and non-scheduling DCI), 0_1, 1_2, 0_2, 2_0, 2_6.
· Note:
· Companies are encouraged to provide analysis on specification impact, power saving benefit and system impact (e.g., packet latency, system overhead)
· FFS: other schemes are not precluded for further study



[bookmark: OLE_LINK11][bookmark: OLE_LINK12]In this contribution, we firstly provide the procedures of Search space set switching and PDCCH adaptation briefly in Section 2. And then the analysis of the differences between the Search space set switching and PDCCH adaptation, including the specification impact, power saving benefit and system impacts, which are provided in Section3. Based on the analysis, we propose several DCI format designs for the dynamic PDCCH adaptation in PCell, such as the enhanced DCI format 1_1/ DCI format 1_0 for the PCell without any changes of the Search Space configuration. The details of the corresponding DCI design are both given in Section 4.
The procedures of the Search space set group switching and PDCCH adaptation
a) The procedure of the search space set group (SSSG) switching
The search space set group (SSSG) switching was discussed in Rel-16 NR-U item, in which two SSSGs were introduced for the power saving purpose. Two trigger mechanisms were adopted in NR-U for the switching, i.e. DCI trigger and timer trigger. 
For the SSSG switching based on DCI trigger, the switching flag in DCI format 2_0 is used in triggering a group of UEs switching between SSSG0 and SSSG1 for the configured serving cell groups. When UE is indicated to switch to SSSG1 from SSSG0, the timer would be set for fallback to default SSSG, i.e. SSSG0 to prevent the concatenated errors caused by miss-detection of DCI format 2_0. Meanwhile, the fallback is also impacted by the remaining channel occupancy duration, which is indicated by COT duration indicator in DCI format 2_0. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]For the SSSG switching based on timer, if the UE detects a DCI format by monitoring PDCCH in any search space set, the UE would perform switching from SSSG0 to SSSG1 and set the timer value to the value provided by searchSpaceSwitchingTimer-r16. When 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, UE would switch to SSSG0.
For the both SSSG switching mechanisms, the switching delay related to the UE processing capability, i.e.  symbols, is considered for actual switching point.
b) The procedure of the PDCCH adaptation 
The PDCCH adaptation has been discussed since Rel-16 UE power saving. According to TR38.840 Section 5.1.5 [1], the power saving schemes for reducing PDCCH monitoring can achieve 5%-85% power saving gains comparing to the scheme of Rel-15 PDCCH monitoring. 
In order to reduce the PDCCH monitoring in PCell, the PDCCH monitoring (PM) adaptation can applied in the different aspects, such as the monitoring occasions, the blind decoding etc. Based on the expectation of enhancement on UE power saving, the PDCCH monitoring adaptation scheme would not modify any configuration parameters in SearchSpace IE but dynamically select the subset of configured parameters. The procedure of PDCCH monitoring adaptation is shown in Figure 1 and the details of procedure are described as follows. In the Figure 1, we take the PM adaptation indication with 2 bits as an example. 


Figure1. The procedure of PDCCH monitoring adaptation
In the PDCCH monitoring (PM) adaptation procedure, the adaptation indication can be carried in the existing DCI format 0_1/1_1 with the default value “00”. When UE finished the data transmission, the UE could be indicated to transition PDCCH monitoring in PCell into dormancy state, i.e. not to monitoring at the subsequent MOs, via the PDCCH monitoring adaptation indication with value “10”. The PM adaptation indication with the value “11” can be used to indicate UE to monitor the PDCCH in a subset {4, 8, 16} of AL configuration {1, 2, 4, 8, 16} to reduce the BD. Furthermore, for the new data arrival, the PCell dormancy indication with the value “00” or “01” would indicate UE to fallback the normal PDCCH monitoring under different AL configuration sets.
Thus, UE can dynamically adjust the PDCCH monitoring behavior based on PM adaptation indication during the Active Time of DRX, e.g. the PCell dormancy, the PDCCH BD reduction etc., without any changes of search space configuration.
Analysis of the differences between these two power saving schemes
Although SSSG switching has been supported in NR-U in dynamically adapt the PDCCH monitoring periodicity to the availability of resource in unlicensed spectrum in achieving power saving, The adaptation of PDCCH monitoring does not align with individual traffic arrival in achieving optimized UE power saving gain. 
Firstly, the DCI based trigger for SSSG switching, i.e. DCI format 2_0, is group common signaling, which is not designed for UE specific power saving indication. The M (M≤4) Search space set group switching flags are configured in DCI format 2_0 and each flag is used to indicate one configured serving cell group of a group of UEs to switch the SearchSpace set together. Since the traffic arrival for UEs would be quite different among each other, using DCI format 2_0 for the group common indication for Search Space switching would not customize the SSSG switching for each UE. With group search space switching by DCI format 2_0, the SSSG switching would only minimize the PDCCH monitoring when all UEs in the group are expected no traffic arrival, which has the impact on the switching flexibility and transmission performance. 
Second, the new system design would be introduced for SSSG switching triggered by the UE specific behavior to optimize the UE power saving gain. Even though the SSSG switching structure has been specified in Rel-16, the UE specific behavior would need to be captured by UE specific DCI in UE-specific search space along with the consideration of DCI size budget. 
Third, there is less flexibility for PDCCH monitoring adaptation by SSSG switching. The DCI based SSSG switching can dynamically indicate switching between normal monitoring and monitoring reduction. However, the monitoring reduction depends on the RRC pre-configuration on the secondary SSSG. If the monitoring parameters change, it needs RRC reconfiguration or more search space set for power saving.
Finally, SSSG switching procedure designed for NR-U cannot be reused directly to achieve high UE power saving gain. Additional functions and specification changes are needed to warrant the SSSG switching function working properly for each UE. Moreover, the configuration of SSSG switching need to take into other factors, such as DCI size budget, system capacity, the switching delay and the timers related to fallback procedure etc. Very little of SSSG functions and specifications from NR-U could be reused in UE-specific PDCCH monitoring adaptation for UE power saving. 
The search space is the corner stone of PDCCH monitoring, which gNB configured the search space semi-statically as the pointer to the UE for PDCCH monitoring. The dynamic switching of search space could have the results of misalignment of search space used by gNB and UE.  If UE specific DCI is introduced to indicate the SSSG switching for UE power saving, it could create catastrophe when DCI is miss-detected and large search space set overhead. An example of UE-specific scheduling DCI based SSSG switching is shown in Figure 2. The UE-specific search space of the scheduling DCI with the search space switching trigger flag expects to receive HARQ-ACK. The HARQ-ACK to acknowledge the UE-specific search space switching is additional overhead of UL resource and additional power consumption by UE. If the HARQ-ACK sent by UE is miss-detected by gNB, the gNB would continue to indicate the PDCCH monitoring based on the current search space set, which is different to the UE assumption on PDCCH monitoring indicated by new search space after search space switching UE still consume power in PDCCH decoding and could not decode any subsequent scheduling DCI.  With DRX adaptation, UE would likely go to sleep after InactivityTimer expires during DRX ON.  If there is DL data coming for the UE, UE would be waken up again at next DRX cycle. This will increase the latency of data reception and the UE power consumption, which diminishes part of the designed power saving gain of reducing PDCCH monitoring. 
Comparing the power saving techniques of UE-specific search space switching to the DCI monitoring adaptation through dynamic skipping, the UE-specific search space switching technique require additional overhead in HARQ-ACK, less flexibility in dynamic switching, and sensitive to error detection of HARQ-ACK.  Moreover, the power saving gain in reducing PDCCH monitoring for SSSG switching would not be as good as that of PDCCH monitoring adaptation.  For specification impact, PDCCH monitoring adaptation could use the existing framework of SCell dormancy to achieve the dynamic adaptation of PDCCH monitoring at PCell/SpCell.  If UE-specific search space switching reuses the SCell dormancy framework, the misalignment of search space used by the gNB and the UE would create the catastrophe for PDCCH monitoring not only at PCell/SpCell but also SCells.  



Figure 2. The ambiguous understanding between the gNB and UE
 for scheduling DCI based SSSG switching miss-detected
As in Rel-16, the number of Search Spaces per BWP is limited to 10 including both the common and UE specific Search Spaces. In order to perform SSSG switching, at least two SSSGs need to be configured, i.e. one is for normal PDCCH monitoring and the other is for power saving. In this case, the budget of search space set would be effectively cut in half for either normal monitoring or monitoring reduction. 
[bookmark: OLE_LINK13][bookmark: OLE_LINK18]Compared with the UE specific DCI based the SSSG switching, the PDCCH monitoring adaptation scheme would not dynamically modify any configuration parameters in SearchSpace IE, but choose the subset of configured parameters, e.g. the PCell dormancy, the PDCCH BD reduction, the PDCCH monitoring occasion granularity change, etc., without any changes of SearchSpace configuration. SSSG switching has non-negligible drawbacks for PDCCH monitoring reduction including group common indication, new system design, less flexibility for monitoring reduction, redundant search space set configuration, additional specification changes etc.. If the new UE specific signaling is introduced, compared to SSSG switching, the PDCCH adaptation could dynamically indicate UE to reduce the PDCCH monitoring, e.g. the PCell dormancy, the PDCCH BD reduction, the PDCCH monitoring occasion granularity change, etc., without any changes of SearchSpace configuration.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Observation 1: SSSG switching has non-negligible drawbacks for PDCCH monitoring reduction including group common indication, new system design, less flexibility for monitoring reduction, redundant search space set configuration, additional specification changes etc.
Proposal 1: Compared to SSSG switching, the PDCCH monitoring adaptation can dynamically indicate UE to reduce the PDCCH monitoring, e.g. the PCell dormancy, the PDCCH BD reduction, the PDCCH monitoring occasion granularity change, etc., without any changes of SearchSpace configuration.
DCI design for PDCCH adaptation
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]The PDCCH monitoring adaptation for PCell can be applied by the enhanced DCI format during the DRX active time. The enhancement DCI formats are designed for indicating the PDCCH monitoring adaptation. The extension of DCI format 0_1/1_1 is used without introducing additional information field, in which the existing information field, i.e. SCell dormancy indication bits in case 1 or case 2, can be repurposed or joint encoding for mapping or grouping to indicate the PCell and/or SCell.
When the DCI format 1_1 without scheduling information, i.e. the case 2 for SCell dormancy indication, the scheduling related information fields can be used for SCell dormancy indication, such as modulation and coding scheme, new data indicator, redundancy version, HARQ process number, antenna port(s), DMRS sequence initialization etc.. We found that there are up to 19 bits used for SCell dormancy indication, these information bits can be reused for joint indication including the PDCCH monitoring adaptation in PCell and/or SCell dormancy.
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]For the DCI format 0_1 and 1_1 with the scheduling information and SCell dormancy indication, i.e. the case 1 for SCell dormancy indication, if UE does not detect a carrier indicator field or detects a carrier indicator field with value equal to 0, the SCell dormancy indication field is a bitmap for indicating the dormancy behavior of SCell groups in Rel-16. However, when UE detects a carrier indicator field with value not equal to 0, the SCell dormancy indication field would be discarded or ignored in UE detection. In the enhancement of power saving, this field can be reused for joint indication including the PDCCH monitoring adaptation in PCell and/or SCell dormancy. 
The extension of DCI format designs would reuse the existing DCI format 0_1 and 1_1 in Rel-16 and not increase the size of DCI format with additional function in extending the PDCCH monitoring adaptation in PCell to achieve more power saving gain without introducing additional information field. 
Proposal 2: The existing DCI formats 0_1 and 1_1 in Rel-16 are reused without introducing additional information field, in which the bits in SCell dormancy indication field could be repurposed for mapping or grouping indication of the PDCCH monitoring adaptation for PCell and/or SCell dormancy indication.
Conclusion
The proposals are summarized as follows:
[bookmark: _GoBack]Observation 1: SSSG switching has non-negligible drawbacks for PDCCH monitoring reduction including group common indication, new system design, less flexibility for monitoring reduction, redundant search space set configuration, additional specification changes etc.
Proposal 1: Compared to SSSG switching, the PDCCH monitoring adaptation can dynamically indicate UE to reduce the PDCCH monitoring, e.g. the PCell dormancy, the PDCCH BD reduction, the PDCCH monitoring occasion granularity change, etc., without any changes of SearchSpace configuration.
Proposal 2: The existing DCI formats 0_1 and 1_1 in Rel-16 are reused without introducing additional information field, in which the bits in SCell dormancy indication field could be repurposed for mapping or grouping indication of the PDCCH monitoring adaptation for PCell and/or SCell dormancy indication.
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