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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK13]In this contribution, the remaining issues on DCI-based PDCCH monitoring adaptation are further analyzed and discussed. 
[bookmark: OLE_LINK76][bookmark: OLE_LINK77][bookmark: _Ref129681832]Common design of DCI based PDCCH monitoring adaptation 
Combinations of UE behaviors
Until RAN1#107-e meeting, 4 cases of PDCCH monitoring adaptation were agreed. In this section, remaining issues on the combinations of UE behaviors are discussed.
[bookmark: OLE_LINK37]For Case 1 (i.e., PDCCH skipping), PDCCH monitoring adaptation indication field in DCI format 0_1/1_1/0_2/1_2 has 1 or 2 bits. In RAN1#107-e meeting, there are some discussions on the maximum number of configured PDCCH skipping durations i.e., M=2 or 3. Based on the current CR, the bit mapping of DCI indication of PDCCH monitoring adaptation is specified as following [1]. According to the description, the number of PDCCH skipping durations can be at most 3 when the DCI field has 2 bits. We agree to follow the endorsed CR on the bit mapping of DCI indication for Case 1. And there is no need for further agreement on this.
	If the field has 1 bit and for PDCCH monitoring according to Type3-PDCCH CSS sets or USS sets on the serving cell
-	a '0' value for the bit indicates no skipping in PDCCH monitoring
-	a '1' value for the bit indicates skipping PDCCH monitoring for a duration provided by the first value in the set of durations
If the field has 2 bits and for PDCCH monitoring according to Type3-PDCCH CSS sets or USS sets on a serving cell
-	a '00' value for the bits indicates no skipping in PDCCH monitoring 
-	a '01' value for the bits indicates skipping PDCCH monitoring for a duration provided by the first value in the set of durations
-	a '10' value for the bits indicates skipping PDCCH monitoring for a duration provided by the second value in the set of durations
-	a '11' value for the bits indicates skipping PDCCH monitoring for a duration provided by the third value in the set of durations, if any; otherwise, if the set of durations includes two values, a use of the '11' value is reserved


[bookmark: OLE_LINK46]
For Case 2 (i.e., 2 SSSG switching) and Case 3 (i.e., 3 SSSG switching), based on the description in TS 38.212 as following [2], PDCCH monitoring adaptation indication field in DCI format 0_1/1_1/0_2/1_2 has 1 or 2 bits. However, there is still no description on how to determine the bit size is 1 bit or 2 bits.
	-	PDCCH monitoring adaptation indication – 0, 1 or 2 bits
…
-	1 or 2 bits, if PDCCHSkippingDurationList is not configured and if searchSpaceGroupIdList-r17 is configured
      …



During RAN1#107-e CR email discussion, there are some discussions on how to determine 1 bit or 2 bit for Case 2 and Case 3, however, no common understanding is achieved for these cases. Some companies thought the number of bits should be determined by whether SSSG 2 is configured, that is to say, PDCCH monitoring adaptation indication field is 1 bit if the UE is not configured by searchSpaceGroupIdList-r17 with any search space set with group index 2 and 2 bits if the UE is not configured by searchSpaceGroupIdList-r17 with any search space set with group index 2. The reason provided by the companies is that gNB can configure empty SSSG, for example, gNB configures zero SS set with group index 1.
It should be noticed that in the whole discussion of PDCCH monitoring adaptation there is no common understanding to support empty SSSG, even for Rel-16 SSSG switching mechanism. As we analysed in previous meeting, PDCCH skipping functionality is already supported, to avoid duplicated functionalities, there is no need to introduce empty SSSG. Especially, it is CR phase currently. Introduction of the non-essential functionality should be avoided.
Proposal 1: Do not introduce empty SSSG during CR phase, which is a duplicate functionality of PDCCH skipping. 
The parameter searchSpaceGroupIdList-r17 is configured per search space set. According to the following agreements, it is easy to observe that the number of bits is determined by the total number of configured SSSG indexes for all the SS sets on an active BWP. Hence, we have the following text proposal to clarify how to determine 1 bit or 2 bit for Case 2 and Case 3.
	Agreement: (RAN1#106-e)
·       UE behavior after receiving PDCCH indication of monitoring adaptation can be one of the followings,
· Working Assumption: Beh 1: PDCCH skipping is not activated
· Beh 1A: PDCCH skipping means stopping PDCCH monitoring for a duration X
· FFS the possible values for X
· FFS: Whether and how to support more than one skipping duration(s)
· FFS: whether to continue monitoring PDCCH scrambled by C-RNTI for Type 0/1/1A/2 CSS or not
· Beh 2: stop monitoring SS sets associated with SSSG#1 and SSSG#2 (if confirmed) and monitoring  of SS sets associated to SSSG#0 (legacy behaviour)
· Beh 2A: stop monitoring SS sets associated with SSSG#0 and SSSG#2 (if confirmed)  and monitoring  of SS sets associated to SSSG#1 (legacy behaviour)
· Working Assumption: Beh 2B(if confirmed): stop monitoring SS sets associated with SSSG#0 and SSSG#1 and monitoring  of SS sets associated to SSSG#2 (if confirmed)
…
Agreement: (RAN1#106bis-e)
The bit mapping of DCI indication PDCCH monitoring adaptation is as follows,
…
· [bookmark: OLE_LINK36]For Case 2  (i.e., 2 SSSG switching) , the following is supported
· 1-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors
· ‘0’ is Beh 2 and ‘1’ is Beh 2A
· For Case 3 (i.e., 3 SSSG switching) , the following is supported
· 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors
· ‘00’ is Beh 2
· ‘01’ is Beh 2A
· ‘10’ is Beh 2B
· [‘11’ is reserved]
…



--------------------------------- Start of Text Proposal 1 for TS 38.213------------------------------------
< Unchanged parts are omitted >
7.3.1.1.2	Format 0_1
< Unchanged parts are omitted >
-	PDCCH monitoring adaptation indication – 0, 1 or 2 bits
-	1 or 2 bits, if searchSpaceGroupIdList-r17 is not configured and if PDCCHSkippingDurationList is configured
-	1 bit if the UE is configured with only one duration by PDCCHSkippingDurationList;
-	2 bits if the UE is configured with more than one duration by PDCCHSkippingDurationList.
-	1 or 2 bits, if PDCCHSkippingDurationList is not configured and if searchSpaceGroupIdList-r17 is configured
-	1 bit if the UE is configured by searchSpaceGroupIdList-r17 with search space set(s) with group index 0 and search space set(s) with group index 1, and if the UE is not configured by searchSpaceGroupIdList-r17 with any search space set with group index 2;
-	2 bits if the UE is configured by searchSpaceGroupIdList-r17 with search space set(s) with group index 0, search space set(s) with group index 1 and search space set(s) with group index 2;
-	2 bits, if PDCCHSkippingDurationList is configured and if searchSpaceGroupIdList-r17 is configured
-	0 bit, otherwise
< Unchanged parts are omitted >
[bookmark: _Toc90994132][bookmark: _Toc51852446][bookmark: _Toc45209272][bookmark: _Toc36046355][bookmark: _Toc36046209][bookmark: _Toc36045949][bookmark: _Toc29327759][bookmark: _Toc29326609]7.3.1.1.3	Format 0_2
-	PDCCH monitoring adaptation indication – 0, 1 or 2 bits
-	1 or 2 bits, if searchSpaceGroupIdList-r17 is not configured and if PDCCHSkippingDurationList is configured
-	1 bit if the UE is configured with only one duration by PDCCHSkippingDurationList;
-	2 bits if the UE is configured with more than one duration by PDCCHSkippingDurationList.
-	1 or 2 bits, if PDCCHSkippingDurationList is not configured and if searchSpaceGroupIdList-r17 is configured
-	1 bit if the UE is configured by searchSpaceGroupIdList-r17 with search space set(s) with group index 0 and search space set(s) with group index 1, and if the UE is not configured by searchSpaceGroupIdList-r17 with any search space set with group index 2;
-	2 bits if the UE is configured by searchSpaceGroupIdList-r17 with search space set(s) with group index 0, search space set(s) with group index 1 and search space set(s) with group index 2;
-	2 bits, if PDCCHSkippingDurationList is configured and if searchSpaceGroupIdList-r17 is configured
-	0 bit, otherwise
< Unchanged parts are omitted >
[bookmark: _Toc90994135][bookmark: _Toc51852449][bookmark: _Toc45209275][bookmark: _Toc36046358][bookmark: _Toc36046212][bookmark: _Toc36045952][bookmark: _Toc29327762][bookmark: _Toc29326612][bookmark: _Toc26467250][bookmark: _Toc19798779]7.3.1.2.2	Format 1_1
-	PDCCH monitoring adaptation indication – 0, 1 or 2 bits
-	1 or 2 bits, if searchSpaceGroupIdList-r17 is not configured and if PDCCHSkippingDurationList is configured
-	1 bit if the UE is configured with only one duration by PDCCHSkippingDurationList;
-	2 bits if the UE is configured with more than one duration by PDCCHSkippingDurationList.
-	1 or 2 bits, if PDCCHSkippingDurationList is not configured and if searchSpaceGroupIdList-r17 is configured
-	1 bit if the UE is configured by searchSpaceGroupIdList-r17 with search space set(s) with group index 0 and search space set(s) with group index 1, and if the UE is not configured by searchSpaceGroupIdList-r17 with any search space set with group index 2;
-	2 bits if the UE is configured by searchSpaceGroupIdList-r17 with search space set(s) with group index 0, search space set(s) with group index 1 and search space set(s) with group index 2;
-	2 bits, if PDCCHSkippingDurationList is configured and if searchSpaceGroupIdList-r17 is configured
-	0 bit, otherwise
< Unchanged parts are omitted >
[bookmark: _Toc90994136][bookmark: _Toc51852450][bookmark: _Toc45209276][bookmark: _Toc36046359][bookmark: _Toc36046213][bookmark: _Toc36045953][bookmark: _Toc29327763][bookmark: _Toc29326613]7.3.1.2.3	Format 1_2
-	PDCCH monitoring adaptation indication – 0, 1 or 2 bits
-	1 or 2 bits, if searchSpaceGroupIdList-r17 is not configured and if PDCCHSkippingDurationList is configured
-	1 bit if the UE is configured with only one duration by PDCCHSkippingDurationList;
-	2 bits if the UE is configured with more than one duration by PDCCHSkippingDurationList.
-	1 or 2 bits, if PDCCHSkippingDurationList is not configured and if searchSpaceGroupIdList-r17 is configured
-	1 bit if the UE is configured by searchSpaceGroupIdList-r17 with search space set(s) with group index 0 and search space set(s) with group index 1, and if the UE is not configured by searchSpaceGroupIdList-r17 with any search space set with group index 2;
-	2 bits if the UE is configured by searchSpaceGroupIdList-r17 with search space set(s) with group index 0, search space set(s) with group index 1 and search space set(s) with group index 2;
-	2 bits, if PDCCHSkippingDurationList is configured and if searchSpaceGroupIdList-r17 is configured
-	0 bit, otherwise
< Unchanged parts are omitted >
----------------------------------- End of Text Proposal 1 for TS 38.213-----------------------------------
[bookmark: OLE_LINK40][bookmark: OLE_LINK47]Proposal 2: Adopt the Text Proposal 1 to clarify how to determine 1 bit or 2 bit for Case 2 and Case 3.
[bookmark: OLE_LINK43]During RAN1#107-e meeting, another issue is whether the bit size of PDCCH monitoring adaptation indication field is independently configured for DCI format x_1 and x_2. If it is configured independently for DCI format x_1 and x_2, more RRC parameters shall be introduced for different DCI formats and the UE behavior may be also more complicated, e.g., when PDCCH skipping is configured for DCI format x_1 and SSSG switching is configured for DCI format x_2. 
Proposal 3: PDCCH monitoring adaptation indication field in DCI format x_1 and x_2 are commonly configured.
For Case 5, three SSSGs and PDCCH skipping for a duration are configured, which is still FFS in RAN1#107-e meeting. We think the Case 4 has already provided sufficient flexibility and there is no clear additional benefit to support the complicated combinations of Case 5. It is not necessary to introduce the non-essential functionality during CR phase. Therefore, it is proposed not to support Case 5.
Proposal 4: Do not introduce Case 5 (i.e., 3 SSSG switching and skipping) in CR phase.

[bookmark: OLE_LINK10]Configurations of PDCCH skipping duration 
It is still TBD regarding the parameter PDCCHSkippingDurationList is per cell, per BWP or per SSSG configured. PDCCHSkippingDurationList can include multiple values of PDCCHSkippingDuration. Since PDCCH skipping can work without SSSG switching, i.e. Case 1, the value of skipping duration(s) should not depend on SSSG. Therefore, the parameters should be configured per BWP at least for the case when SSSG is not configured.
Proposal 5: The parameter PDCCHSkippingDurationList is configured per BWP when SSSG is not configured.
For Case 4, two SSSGs are configured typically with different PDCCH monitoring periodicity to adapt to different traffic. In this case, when UE is using different SSSG, it is beneficial to indicate PDCCH skipping with different skipped duration since different traffic has different requirement. As shown in Figure 1, the skipped duration is 3-slot, while the PDCCH monitoring periodicity is 1-slot for SSSG0 and 5-slot for SSSG1, respectively. It is noted that the skipped duration of 3-slot works well with SSSG0. However, for SSSG1, the skipped duration of 3-slot brings no additional PDCCH monitoring reduction on the top of the periodicity configuration. 
[image: ]
Figure 1 An example for same PDCCH skipping duration with different monitoring periodicity
Observation 1: When SSSG(s) are configured, configuring skipping duration per SSSG can adapt to different traffic and give gNB more flexibility. 
During the discussion in RAN1#106bis-e and RAN1#107-e, SSSG index misalignment issue was raised as a concern for SSSG-specific skipping durartions. Specifically, if a DCI indicating SSSG switching is missed by the UE, the understanding of the skipping duration is also misaligned between gNB and UE. However, if the DCI triggering SSSG switching is missed, even assuming skipping duration is configured per BWP in this case, the UE may not be able to receive the subsequent scheduling DCI due to the misalignment on the monitoring occasions which would be caused by incorrect monitored SSSG. Configuring skipping duration per BWP instead of configuring it per SSSG, when SSSG(s) are configured, cannot help to solve the SSSG misalignment issue in addition. So we don’t think SSSG misalignment issue is a valid concern for configuring skipping duration per SSSG, when SSSGs are configured.
Observation 2: When SSSG(s) are configured, configuring skipping duration per BWP cannot help to solve the SSSG misalignment issue. 
In RAN1 #107-e, the following different methods on how to configure PDCCHSkippingDurationList for the case when SSSG(s) are configured:
· Option 1: PDCCHSkippingDurationList is configured per BWP or per cell, which is the same as that in the case when SSSG(s) are not configured.
· Option 2: PDCCHSkippingDurationList is configured per search space set. When UE receives a DCI indicating PDCCH skipping, the skipping duration is determined based on the search space set where the UE receives the DCI.
· Option 3: PDCCHSkippingDurationList is configured per SSSG.
Option 1 is a proper method for the case when SSSG is not configured, but it cannot get the benefit of adapting to different traffic, while both Option 2 and Option 3 can get the benefit of adapting to different traffic. However, in typical real deployment, PDCCH monitoring occasions of different search space sets can overlap with each other in RBs and symbols. It may be difficult for UE to determine in which search space set the DCI is received. On the other hand, a UE can be configured with up to 10 search space sets per BWP, meaning that the UE may need to maintain up to 10 PDCCHSkippingDurationList, which increase the UE’s implementation complexity. On the contrary, Option 3 requires only up to 3 PDCCHSkippingDurationList since up to 3 SSSG can be configured. Thus Option 3 is preferred when SSSG is configured.
To avoid repeated debating on the three options (especially on Option 1 and Option 3) in RAN1 #107bis-e, we suggest a compromised solution based on both Option 1 and Option 3, i.e., gNB can configure PDCCHSkippingDurationList per BWP and can additionally configure it per SSSG. If only per BWP configured PDCCHSkippingDurationList is provided, it is used for each SSSG even when SSSGs are configured. If gNB also provides per SSSG configured PDCCHSkippingDurationList, the UE will use the one per SSSG configured for each SSSG. In other words, the PDCCHSkippingDurationList configured per SSSG can override the PDCCHSkippingDurationList configured per BWP.
Proposal 6: PDCCHSkippingDurationList are configured per BWP, which can be overridden by a PDCCHSkippingDurationList for a SSSG of the BWP, if configured.
Impact on PDCCH monitoring scrambled by C-RNTI/MCS-C-RNTI/CS-RNTI for Type 0/1/1A/2 CSS
It was agreed that PDCCH based monitoring adaptation is applied to USS and type-3 CSS. It is still open regarding whether PDCCH monitoring adaptation impacts on PDCCH monitoring scrambled by C-RNTI/MCS-RNTI/CS-RNTI for Type 0/1/1A/2 CSS.
For SSSG switching, SSSG index is configured in the parameters of search space set(s) in connected-mode. For SSSG switching, even when monitoring PDCCH according to sparse monitoring configured with search space sets in a SSSG, the PDCCH monitoring is still enabled periodically. Therefore, we think there is no strong reason to impact PDCCH monitoring scrambled by C-RNTI/MCS-RNTI/CS-RNTI for Type 0/1/1A/2 CSS. It is reasonable that SSSG switching is applied only to USS and type-3 CSS. 
For PDCCH skipping mechanism, if the UE still monitors PDCCH scrambled by C-RNTI, MCS-C-RNTI or CS-RNTI for Type 0/1/1A/2 CSS in skipping duration, the power saving gain of PDCCH skipping would be reduced. Some companies raised that C-RNTI/MCS-RNTI/CS-RNTI for Type 0/1/1A/2 CSS is monitored in the slot where SI-RNTI, RA-RNTI, MsgB-RNTI, or P-RNTI is monitored, and SI-RNTI/RA-RNTI/MsgB-RNTI/P-RNTI is not always monitored by a UE. Therefore, they think the power consumption impact due to monitoring of C-RNTI/MCS-RNTI/CS-RNTI for Type 0/1/1A/2 CSS is negligible.
	If a UE is provided 
-	one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace, and 
-	a C-RNTI, an MCS-C-RNTI, or a CS-RNTI
the UE monitors PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the CS-RNTI in the one or more search space sets in a slot where the UE monitors PDCCH candidates for at least a DCI format 0_0 or a DCI format 1_0 with CRC scrambled by SI-RNTI, RA-RNTI, MsgB-RNTI, or P-RNTI.


However, it should be noticed that, according to following description in TS 38.331, UE could monitor P-RNTI in any paging occasion. However, the gNB does not know the exact PO that a connected UE would monitor. So, gNB can only assume the P-RNTI is possible to be monitored on any PO and gNB may transmit a PDCCH scrambled by C-RNTI on any PO. To avoid miss-detect DCI format 1_0 or 0_0 with CRC scrambled by a C-RNTI, UE needs monitoring PDCCH scrambled by C-RNTI on each PO even though the UE does not monitor PDCCH scrambled by P-RNTI on all of the POs. Therefore, the PDCCH monitoring of C-RNTI/MCS-RNTI/CS-RNTI for Type 0/1/1A/2 CSS has non-negligible power saving gain impact.
	UEs in RRC_IDLE or in RRC_INACTIVE shall monitor for SI change indication in its own paging occasion every DRX cycle. UEs in RRC_CONNECTED shall monitor for SI change indication in any paging occasion at least once per modification period if the UE is provided with common search space, including pagingSearchSpace, searchSpaceSIB1 and searchSpaceOtherSystemInformation, on the active BWP to monitor paging, as specified in TS 38.213 [13], clause 13.


To guarantee the power saving gain as expected, it is proposed not to monitor PDCCH scrambled by C-RNTI, MCS-C-RNTI or CS-RNTI in Type 0/1/1A/2 CSS during the skipped duration. The following text proposal is provided.
------------------------------------------ Start of Text Proposal 2 for TS 38.213---------------------------
< Unchanged parts are omitted >
[bookmark: _Toc92093858][bookmark: _Toc45699213][bookmark: _Toc36498186][bookmark: _Toc29917312][bookmark: _Toc29899575][bookmark: _Toc29899157][bookmark: _Toc29894858][bookmark: _Toc26719423][bookmark: _Toc20311598][bookmark: _Toc12021486][bookmark: _Ref491466492][bookmark: _Ref491451763]10.1	UE procedure for determining physical downlink control channel assignment 
< Unchanged parts are omitted >
If a UE is provided 
-	one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace, and 
-	a C-RNTI, an MCS-C-RNTI, or a CS-RNTI
the UE monitors PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the CS-RNTI in the one or more search space sets in a slot where the UE monitors PDCCH candidates for at least a DCI format 0_0 or a DCI format 1_0 with CRC scrambled by SI-RNTI, RA-RNTI, MsgB-RNTI, or P-RNTI, when the UE is not provided PDCCHSkippingDurationList, or  if the UE has not been indicated skipping PDCCH monitoring for a duration overlapping in time with the slot when the UE is provided PDCCHSkippingDurationList.
< Unchanged parts are omitted >
[bookmark: _Toc45699217][bookmark: _Toc36498189][bookmark: _Toc29917315][bookmark: _Toc29899586][bookmark: _Toc29899168][bookmark: _Toc29894869][bookmark: _Toc92093863]10.4	Search space set group switching and skipping of PDCCH monitoring
< Unchanged parts are omitted >
If the set of durations includes two values and for PDCCH monitoring according to Type3-PDCCH CSS sets or USS sets on the serving cell
-	a '00' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 0 and stop of PDCCH monitoring according to search space sets with group index 1, if any
-	a '01' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 1 and stop of PDCCH monitoring according to search space sets with group index 0, if any
-	a '10' value for the bits indicates skipping PDCCH monitoring for a duration provided by the first value in the set of durations
-	a '11' value for the bits indicates skipping PDCCH monitoring for a duration provided by the second value in the set of durations
When the UE is indicated skipping PDCCH monitoring for a duration on a serving cell, the UE skips monitoring of PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the CS-RNTI in the one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace, in the duration on the serving cell.
< Unchanged parts are omitted >
----------------------------------------- End of Text Proposal 2 for TS 38.213-----------------------------
Proposal 7: Do not monitor DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, MCS-C-RNTI, or the CS-RNTI in Type0/0A/1 or 2 PDCCH CSS during the PDCCH skipping duration.
Timer for SSSG switching 
Configuration of searchSpaceSwitchTimer-r17
A timer used for SSSG switching can be configured. According to agreements in previous meeting, regardless of SSSG1 or SSSG2, when the timer expires, the UE fallbacks to SSSG0. In RAN1#107-e meeting, the value range of the timer were agreed. Some issues on the timer are still FFS. 
One remaining issue is how to configure the timer searchSpaceSwitchTimer-r17. One benefit of timer based SSSG switching is UE can recover to monitoring PDCCH according to search space sets associated with SSSG#0, when timer expires. This can recover the miss-match of monitored SSSG between gNB and UE. To achieve this benefit, configuring one common value for SSSG 1 and SSSG 2 is sufficient. In Rel-16 specification, the timer is configured per cell. The similar configuration methodology can be extended to Rel-17. During the previous meeting, more companies support configuring a common value of the timer for SSSG1 and SSSG2 per BWP. Hence, we are flexible to support the timer value configured per BWP to considering the timer switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 is common in this case.
[bookmark: OLE_LINK16]Proposal 8: The parameter searchSpaceSwitchTimer-r17 is common for SSSG1 and SSSG2, and the parameter is configured per cell or per BWP.
Restart and decrement of the timer
Another remaining issue is how to restart the timer. It shall be down-selected among the following candidate schemes based on the agreement in RAN1#107-e meeting.
	Agreement
If a UE is provided with a timer value by searchSpaceSwitchTimer-r17 for PDCCH monitoring on a serving cell and the timer is running, the UE
-            resets the timer after a slot of the active DL BWP of the serving cell when the UE detects a DCI format in a PDCCH reception in the slot
o    Alt 2a: for the Type3-PDCCH CSS set or the USS set with group index of either 1 or 2
o    Alt 2b: for the Type3-PDCCH CSS set or the USS set
o    Alt 2c: with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI
-            otherwise, decrease the timer value by one after each slot.
-            FFS: When the timer expires in a slot



As mentioned above, the purpose of the timer is to resolve SSSG miss-matching between gNB and UE due to DCI miss-detection. By Alt 2a, as an example assuming the UE is monitoring PDCCH according to search space sets with group index 1, if a UE detects a DCI format in Type3-PDCCH CSS or USS with group index 1, it means that the SSSG group index that is assumed by the UE for PDCCH monitoring is consistent with gNB. Therefore, in this case, it is reasonable to restart the timer. 
For Alt 2b, it would be possible that a type3-CSS or a USS set is not configured with any group index. Therefore, the timer should not restart when a DCI format is detected for the Type3-CSS or the USS. 
For Alt 2c, a DCI format with CRC scrambled by C-RNTI/CS-RNTI/MCS-RNTI could be detected in a search space set which is not configured with any group index. Therefore, the timer should not restart in this case. 
In summary, neither Alt 2b nor Alt 2c can resolve SSSG miss-matching between gNB and UE. Therefore, Alt 2a should be adopted and the following text proposal is proposed.
[bookmark: OLE_LINK35]----------------------------------- Start of Text Proposal 3 for TS 38.213----------------------------------
< Unchanged parts are omitted >
10.4	Search space set group switching and skipping of PDCCH monitoring
< Unchanged parts are omitted >
If a UE is provided group indexes for a Type3-PDCCH CSS set or a USS set by searchSpaceGroupIdList-r17 and a timer value by searchSpaceSwitchTimer-r17 for PDCCH monitoring on a serving cell and the timer is running, the UE
-	decrements the timer after a slot of an active DL BWP of the serving cell when the UE does not detect a DCI format in a PDCCH reception in the slot for TBD
-	resets the timer after a slot of the active DL BWP of the serving cell when the UE detects a DCI format in a PDCCH reception in the slot for the Type3-PDCCH CSS set(s) or the USS set(s) with group index of either 1 or 2.
-    Otherwise, decrements the timer value by one after each slot.
< Unchanged parts are omitted >
[bookmark: OLE_LINK38]----------------------------------- End of Text Proposal 3 for TS 38.213-----------------------------------
Proposal 9: Endorse the Text Proposal 3 for TS 38.213 to Adopt Alt 2a regarding how to restart the timer.
UE behavior upon the expiration of the timer
In RAN1#107-e meeting, there are some discussions on the UE behavior when the timer expires but no common understanding is achieved. For this issue, different cases should be discussed respectively.
For Case 2 and Case 3, according to the agreements in previous meeting, when the timer expires, the UE fallbacks to monitor PDCCH according to SS set with group index 0, which can be shown in Figure 2.
[image: ]
Figure 2 Timer based SSSG switching for Case 2 and Case 3
For Case 4, PDCCHSkippingDurationList and searchSpaceSwitchTimer-r17 are configured respectively. PDCCH skipping duration can be shorter or longer than the value of the timer, or equal to the value of the timer. Skipping PDCCH and running the timer should be independent. Whenever the timer expires, the UE starts monitoring PDCCH after the indicated PDCCH skipping duration.
Figure 3 shows an example that indicated PDCCH skipping duration is shorter than the value of the timer. As an example, assuming the current SSSG that UE is assumed for PDCCH monitoring is SSSG 1, according to Proposal 9, UE restarts the timer in slot i+1 when a DCI is detected for a SS set with group index 1 in slot i, which also indicates a PDCCH skipping in the skipping duration. UE resumes PDCCH monitoring according to SSSG1 in slot i+5. The timer expires after slot i+6, where the UE shall start PDCCH monitoring according to search space sets configured in SSSG0.
Figure 4 show another example that PDCCH skipping duration is longer than the value of the timer. The timer expires after slot i+6, where the UE shall start PDCCH monitoring according to search space sets configured in SSSG0. However, in this case, the slot i+7 is still covered by the indicated PDCCH skipping duration, and therefore UE does not monitor PDCCH in slot i+7. After the PDCCH skipping duration, i.e., after slot i+7, UE resumes PDCCH monitoring according to search space sets of the current SSSG, i.e. SSSG0.
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Figure 3 An example of timer based SSSG switching for Case 4
[image: ]
Figure 4 Another example of timer based SSSG switching for Case 4
Based on the discussion, we have the following text proposal.
--------------------------------- Start of Text Proposal 4 for TS 38.213------------------------------------
< Unchanged parts are omitted >
10.4	Search space set group switching and skipping of PDCCH monitoring
< Unchanged parts are omitted >
If a UE is provided group indexes for a Type3-PDCCH CSS set or a USS set by searchSpaceGroupIdList-r17 and a timer value by searchSpaceSwitchTimer-r17 for PDCCH monitoring on a serving cell and the timer is running, the UE
-	decrements the timer after a slot of an active DL BWP of the serving cell when the UE does not detect a DCI format in a PDCCH reception in the slot for TBD
-	resets the timer after a slot of the active DL BWP of the serving cell when the UE detects a DCI format in a PDCCH reception in the slot for TBD
When the timer expires in a slot, the UE starts to monitors PDCCH on the serving cell according to search space sets with group index 0, if the UE has not been indicated skipping PDCCH monitoring for a duration overlapping in time with the slot; otherwise, the UE starts to monitor PDCCH after the skipping duration on the serving cell according to search space sets with group index 0.
< Unchanged parts are omitted >
----------------------------------- End of Text Proposal 4 for TS 38.213-----------------------------------
Proposal 10: Adopt the text proposal 4 to capture that PDCCH skipping is not impacted by the expiration of SSSG timer.
Application delay and handling of HARQ retransmission
Application delay
In RAN1#106bis-meeting, many options were proposed for application delay and they are listed as following. In this section, we further discuss the application delay for PDCCH monitoring adaptation. Additionally, we also discuss the handling of HARQ retransmission.
	Agreement
The following application delay for a scheduling DCI based PDCCH monitoring adaptation indication can be considered,
-         For PDCCH skipping,
o    Option b
o    Option f
o    Option d for downlink grant and Option c for uplink grant
o    Option i
o    Option j
o    Note: down-select based on the options in RAN1#107-E
-         For SSSG switching,
o    Option a
o    Option d for downlink grant  and Option c for uplink grant
o    Option h
o    Option b
o    Option d for downlink grant and Option g for uplink grant
o    Note: down-select based on the options in RAN1#107-E
-         The Options a – j is defined as follows,
o    Option a: the application timelines provided in Table 10.4-1 in TS38.213 for search-space group switching for unlicensed band form is reused.
       for SCS configuration , FFS X = 25 or 39
      FFS: 
o    Option b:  the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended.
o    Option c: PDCCH monitoring adaptation command applies after PUSCH transmission if triggered by UL DCI
o    Option d: PDCCH monitoring adaptation command applies after HARQ-ACK transmission (or plus some margin for HARQ-ACK decoding).
o    Option e: after successfully decoding TB.
o    Option f:  Application delay should be “ZERO”  for PDCCH monitoring adaptation. PDCCH monitoring adaptation would be applied after UE receive the additional PDCCH monitoring adaptation control signaling bit(s) in DCI
o    Option g:  Application delay(s) are configured via RRC signaling
o    Option h:  Application delay applies after drx-RetransmissionTimerUL expires
o    Option i: Leave up to implementation
o    Option j: UE applies the skipping immediately (e.g. next symbol/slot) after the UE receives the indication in DL assignment. If the UE fails to decode the associated PDSCH and transmits a NACK, skipping is canceled in the slots after the NACK transmission. Option g ( application delay configured via RRC signaling) is used for uplink grant. If RRC signaling is not provided, UE applies the skipping immediately (e.g. next symbol/slot) after the UE receives the indication in UL grant.
o    Other options not precluded.
-         FFS reference points for the application delay,
-         FFS whether the same or different and how application delay for PDCCH monitoring adaptation indicated by DCI and timer expiration
-         FFS non-scheduling DCI if supported



[bookmark: OLE_LINK51]Based on the discussions in RAN1#104-e meeting, DCI miss-detection is one of the issues for SSSG switching. Taking 2 SSSG as an example, both of the SSSGs have their own PDCCH monitoring occasions. The UE may miss-detect the DCI indicating search space set group switching, which would lead to the miss-match between the behavior of gNB and the UE. When the gNB indicates to switch to the other search space set group from one search space set group, if the DCI is miss-detected, gNB will switch to the other search space set while the UE still keeps PDCCH monitoring in the current search space set group. Because the monitoring occasion for search space set group can be different, if the behavior of gNB and UE is miss-matched, the UE cannot detect DCI for several PDCCH periodicities until the configured timer expires, which will impact the performance of latency/UPT. Therefore, to avoid the impact of miss-detection, it is preferred to use HARQ-ACK (ACK or NACK) to confirm the switching of SSSG, i.e. the application of SSSG switching should be based on the HARQ-ACK feedback(ACK or NACK). Some companies raised comments that SSSG switching should be applied only after ACK transmission considering the possible PDSCH retransmission is needed if NACK is transmitted. However, even if a UE switches to a SSSG for power saving, e.g. starts to PDCCH monitoring according to search space sets with group index 1 or 2, the UE can still have chance to monitor PDCCH to receive retransmission scheduling. So, it is not essential to distinguish ACK and NACK transmission as the condition when SSSG switching is applied.
However, for PDCCH skipping, even if DCI indicating PDCCH skipping is miss-detected the UE can resume the PDCCH monitoring after the skipped duration. Moreover, the UE keeps PDCCH monitoring before the application delay and stop PDCCH monitoring in a duration after the application delay. gNB may predict there is no traffic in a following short time. If the application delay is too large, it will reduce the benefit of power saving and increase the scheduling delay. Therefore, it is not preferred to apply PDCCH skipping after the HARQ-ACK transmission.
Based on above discussion, different issues should be considered for the application delay of SSSG switching and PDCCH skipping. Different application delay can be defined for SSSG switching and PDCCH skipping as shown in Figure 5. 
When a scheduling DCI indicates the UE to switch to another SSSG to monitor PDCCH, the time of HARQ-ACK feedback for DL DCI or PUSCH transmitting for UL DCI is taken into account as the application delay to resolve the issue of DCI miss-detection. When a scheduling DCI indicates the UE to skip PDCCH monitoring, the application delay should be as short as possible, for example, to cover PDCCH processing time. PDCCH processing time was discussed in Rel-16 cross slot scheduling, i.e., the value of Z in TS 38.214. If cross slot scheduling is enabled, i.e., K0min>0, the PDCCH processing speed may be slow-down, the UE should perform PDCCH skipping after the DCI is decoded, hence the UE performs PDCCH skipping after K0min slots. Therefore, if DCI indicates the UE to skip PDCCH monitoring, the application delay should be max (applicable K0min, Z).
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Figure 5 Different application delay for SSSG switching and PDCCH skipping
[bookmark: OLE_LINK23]For timer based SSSG switching, option f can be considered, i.e. the UE can start monitoring PDCCH according to the search space sets with group index 0 in the slot right after the timer expiration. 
[bookmark: OLE_LINK29]Proposal 11: Support different application delay for SSSG switching and PDCCH skipping：
· If a scheduling DCI indicates the UE to switch SSSG, UE applies the SSSG switching after HARQ-ACK feedback if the DCI is a DL scheduling DCI, or after the scheduled PUSCH transmission if the DCI is a UL scheduling DCI format;
· [bookmark: OLE_LINK30]If DCI indicates the UE to skip PDCCH monitoring for a duration, the application delay is max (applicable K0min, Z), after which the UE stops monitoring PDCCH in the duration.
· For timer based SSSG switching, the UE starts monitoring PDCCH according to search space sets with SSSG index 0 in the slot right after the timer expiration.
Based on the discussions in this section, we have the following text proposal.
---------------------------------- Start of Text Proposal 5 for TS 38.213---------------------------------
< Unchanged parts are omitted >
10.4	Search space set group switching and skipping of PDCCH monitoring
< Unchanged parts are omitted >
A UE can be provided a set of durations by PDCCHSkippingDurationList for PDCCH monitoring on a serving cell and, if the UE is not provided searchSpaceGroupIdList-r17, a DCI format 0_1, and/or DCI format 1_1, and/or DCI format 0_2, and/or DCI format 1_2 that schedules a PUSCH transmission or a PDSCH reception can include a PDCCH monitoring adaptation field of 1 bit or of 2 bits in slot n. 
If the field has 1 bit and for PDCCH monitoring according to Type3-PDCCH CSS sets or USS sets on the serving cell
-	a '0' value for the bit indicates no skipping in PDCCH monitoring
-	a '1' value for the bit indicates skipping PDCCH monitoring for a duration provided by the first value in the set of durations from the slot n+max(K0minOld, Zµ) , where K0minOld is the currently applied K0min value of the active DL BWP in the scheduled cell if minimumSchedulingOffsetK0 is configured for the active DL BWP in the scheduled cell; otherwise, K0min is zero. Zµ is determined by the subcarrier spacing of the active DL BWP in the scheduling cell in slot n, and given in Table 5.3.1-1 in TS 38.214.
If the field has 2 bits and for PDCCH monitoring according to Type3-PDCCH CSS sets or USS sets on a serving cell
-	a '00' value for the bits indicates no skipping in PDCCH monitoring 
-	a '01' value for the bits indicates skipping PDCCH monitoring for a duration provided by the first value in the set of durations from the slot n+max(K0minOld, Zµ) , where K0minOld is the currently applied K0min value of the active DL BWP in the scheduled cell if minimumSchedulingOffsetK0 is configured for the active DL BWP in the scheduled cell; otherwise, K0min is zero. Zµ is determined by the subcarrier spacing of the active DL BWP in the scheduling cell in slot n, and given in Table 5.3.1-1 in TS 38.214
-	a '10' value for the bits indicates skipping PDCCH monitoring for a duration provided by the second value in the set of durations from the slot n+max(K0minOld, Zµ) , where K0minOld is the currently applied K0min value of the active DL BWP in the scheduled cell if minimumSchedulingOffsetK0 is configured for the active DL BWP in the scheduled cell; otherwise, K0min is zero. Zµ is determined by the subcarrier spacing of the active DL BWP in the scheduling cell in slot n, and given in Table 5.3.1-1 in TS 38.214
-	a '11' value for the bits indicates skipping PDCCH monitoring for a duration provided by the third value in the set of durations, if any; otherwise, if the set of durations includes two values, a use of the ‘11’ value is reserved from the slot n+max(K0minOld, Zµ) , where K0minOld is the currently applied K0min value of the active DL BWP in the scheduled cell if minimumSchedulingOffsetK0 is configured for the active DL BWP in the scheduled cell; otherwise, K0min is zero. Zµ is determined by the subcarrier spacing of the active DL BWP in the scheduling cell in slot n, and given in Table 5.3.1-1 in TS 38.214.
A UE can be provided group indexes for a Type3-PDCCH CSS set or USS set by searchSpaceGroupIdList-r17 for PDCCH monitoring on a serving cell and, if the UE is not provided PDCCHSkippingDurationList, DCI format 0_1, or DCI format 1_1, or DCI format 0_2, or DCI format 1_2 that schedules a PUSCH transmission or a PDSCH reception can include a PDCCH monitoring adaptation field of 1 bit or of 2 bits. 
If the field has 1 bit and for PDCCH monitoring according to Type3-PDCCH CSS sets or USS sets on the serving cell
-	a '0' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 0 and stop of PDCCH monitoring according to search space sets with other group indexes, if any, for the serving cell at a first slot after transmitting HARQ-ACK corresponding to the PDSCH scheduled by the PDCCH with the DCI format 1_1 or DCI format 1_2, or after transmitting PUSCH scheduled by the PDCCH with the DCI format 0_1 or DCI format 0_2
-	a '1' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 1 and stop of PDCCH monitoring according to search space sets with other group indexes, if any, for the serving cell at a first slot after transmitting HARQ-ACK corresponding to the PDSCH scheduled by the PDCCH with the DCI format 1_1 or DCI format 1_2, or after transmitting PUSCH scheduled by the PDCCH with the DCI format 0_1 or DCI format 0_2
If the field has 2 bits and for PDCCH monitoring according to Type3-PDCCH CSS sets or USS sets on the serving cell
-	a '00' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 0 and stop of PDCCH monitoring according to search space sets with other group indexes, if any, for the serving cell at a first slot after transmitting HARQ-ACK corresponding to the PDSCH scheduled by the PDCCH with the DCI format 1_1 or DCI format 1_2, or after transmitting PUSCH scheduled by the PDCCH with the DCI format 0_1 or DCI format 0_2
-	a '01' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 1 and stop of PDCCH monitoring according to search space sets with other group indexes, if any, for the serving cell at a first slot after transmitting HARQ-ACK corresponding to the PDSCH scheduled by the PDCCH with the DCI format 1_1 or DCI format 1_2, or after transmitting PUSCH scheduled by the PDCCH with the DCI format 0_1 or DCI format 0_2
-	a '10' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 2 and stop of PDCCH monitoring according to search space sets with other group indexes, if any, for the serving cell at a first slot after transmitting HARQ-ACK corresponding to the PDSCH scheduled by the PDCCH with the DCI format 1_1 or DCI format 1_2, or after transmitting PUSCH scheduled by the PDCCH with the DCI format 0_1 or DCI format 0_2
-	a '11' value is reserved
A UE can be provided a set of durations by PDCCHSkippingDurationList and group indexes for a Type3-PDCCH CSS set or USS set by searchSpaceGroupIdList-r17 for PDCCH monitoring on a serving cell and, a DCI format 0_1, and/or DCI format 1_1, and/or DCI format 0_2, and/or DCI format 1_2 that schedules a PUSCH transmission or a PDSCH reception can include a PDCCH monitoring adaptation field of 2 bits in slot n. 
If the set of durations includes one value and for PDCCH monitoring according to Type3-PDCCH CSS sets or USS sets on the serving cell
-	a '00' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 0 and stop of PDCCH monitoring according to search space sets with group index 1, if any, for the serving cell at a first slot after transmitting HARQ-ACK corresponding to the PDSCH scheduled by the PDCCH with the DCI format 1_1 or DCI format 1_2, or after transmitting PUSCH scheduled by the PDCCH with the DCI format 0_1 or DCI format 0_2
-	a '01' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 1 and stop of PDCCH monitoring according to search space sets with group index 0, if any, for the serving cell at a first slot after transmitting HARQ-ACK corresponding to the PDSCH scheduled by the PDCCH with the DCI format 1_1 or DCI format 1_2, or after transmitting PUSCH scheduled by the PDCCH with the DCI format 0_1 or DCI format 0_2
-	a '10' value for the bits indicates skipping PDCCH monitoring for a duration provided by the value in the set of durations from the slot n+max(K0minOld, Zµ) , where K0minOld is the currently applied K0min value of the active DL BWP in the scheduled cell if minimumSchedulingOffsetK0 is configured for the active DL BWP in the scheduled cell; otherwise, K0min is zero. Zµ is determined by the subcarrier spacing of the active DL BWP in the scheduling cell in slot n, and given in Table 5.3.1-1 in TS 38.214.
-	a '11' value is reserved
If the set of durations includes two values and for PDCCH monitoring according to Type3-PDCCH CSS sets or USS sets on the serving cell
-	a '00' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 0 and stop of PDCCH monitoring according to search space sets with group index 1, if any, for the serving cell at a first slot after transmitting HARQ-ACK corresponding to the PDSCH scheduled by the PDCCH with the DCI format 1_1 or DCI format 1_2, or after transmitting PUSCH scheduled by the PDCCH with the DCI format 0_1 or DCI format 0_2
-	a '01' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 1 and stop of PDCCH monitoring according to search space sets with group index 0, if any, for the serving cell at a first slot after transmitting HARQ-ACK corresponding to the PDSCH scheduled by the PDCCH with the DCI format 1_1 or DCI format 1_2, or after transmitting PUSCH scheduled by the PDCCH with the DCI format 0_1 or DCI format 0_2
-	a '10' value for the bits indicates skipping PDCCH monitoring for a duration provided by the first value in the set of durations from the slot n+max(K0minOld, Zµ) , where K0minOld is the currently applied K0min value of the active DL BWP in the scheduled cell if minimumSchedulingOffsetK0 is configured for the active DL BWP in the scheduled cell; otherwise, K0min is zero. Zµ is determined by the subcarrier spacing of the active DL BWP in the scheduling cell in slot n, and given in Table 5.3.1-1 in TS 38.214
-	a '11' value for the bits indicates skipping PDCCH monitoring for a duration provided by the second value in the set of durations from the slot n+max(K0minOld, Zµ) , where K0minOld is the currently applied K0min value of the active DL BWP in the scheduled cell if minimumSchedulingOffsetK0 is configured for the active DL BWP in the scheduled cell; otherwise, K0min is zero. Zµ is determined by the subcarrier spacing of the active DL BWP in the scheduling cell in slot n, and given in Table 5.3.1-1 in TS 38.214.
If a UE is provided group indexes for a Type3-PDCCH CSS set or a USS set by searchSpaceGroupIdList-r17 and a timer value by searchSpaceSwitchTimer-r17 for PDCCH monitoring on a serving cell and the timer is running, the UE
-	decrements the timer after a slot of an active DL BWP of the serving cell when the UE does not detect a DCI format in a PDCCH reception in the slot for TBD
-	resets the timer after a slot of the active DL BWP of the serving cell when the UE detects a DCI format in a PDCCH reception in the slot for TBD
When the timer expires in a slot, the UE starts to monitors PDCCH on the serving cell according to search space sets with group index 0 right after the slot, if the UE has not been indicated skipping PDCCH monitoring for a duration overlapping in time with the slot; otherwise, the UE starts to monitor PDCCH after the skipping duration on the serving cell according to search space sets with group index 0.
[bookmark: OLE_LINK52]< Unchanged parts are omitted >
----------------------------------- End of Text Proposal 5 for TS 38.213-----------------------------------

Proposal 12: Adopt the Text Proposal 5 for the application delay of PDCCH monitoring adaptation.
Handling of HARQ retransmission
As the discussion in section 3.1, after the application delay of the PDCCH skipping indication, UE will skip PDCCH monitoring in a skipped duration. Retransmission after the skipped duration will increase the overall data service latency. In RAN1#104-e, it is agreed to further study minimizing the impact to data retransmission. So it seems reasonable to still perform PDCCH monitoring during the skipped duration when retransmission happens, i.e. the HARQ feedback is NACK.
Thanks to the existence of DRX retransmission timer, which controls UE to monitoring PDCCH for HARQ retransmission. The straightforward way is to require UE to monitor PDCCH during the downlink retransmission timer of a HARQ process is running when the HARQ feedback is NACK.
Proposal 13: After being indicated to skipping PDCCH monitoring, if the HARQ feedback for PDSCH is NACK, the UE still performs PDCCH monitoring for HARQ retransmission when drx-RetransmissionTimerDL is running.
Certainly the same mechanism can also be applied for uplink to ensure timely retransmission, i.e. UE can monitor PDCCH for potential UL HARQ retransmission when the uplink DRX retransmission timer is running within the skipped duration. However there is no HARQ feedback for uplink. UE does not know when and whether there is retransmission, and will always start the UL retransmission timer after UL HARQ RTT timer. In the worst case, even the PUSCH is successfully received by gNB, UE still needs to uselessly perform PDCCH monitoring. So compared with downlink, uplink may have some power saving loss.
After enabling PDCCH monitoring during the skipped duration, there are some additional issues to be further discussed. As shown in Figure 6, during the skipped duration UE will monitor scheduling PDCCH (i.e. the DCI 2) for a time period (i.e. the orange part) for retransmission scheduling, which can also potentially indicate new PDCCH monitoring adaptation. So it should be discussed and clarified whether the scheduling PDCCH during skipped duration (i.e. the DCI 2) can override the ‘PDCCH skipping indication’ before the skipped duration (i.e. the DCI 1). To simplify UE’s implementation, it is preferred by us to let UE keep the original timeline, i.e. the adaptation indication in DCI2 is ignored and can not override DCI1. 
[image: ]
Figure 6 An example for overriding the ‘PDCCH skipping indication’
Proposal 14: To simplify UE’s implementation, UE ignores the PDCCH adaptation field in the DCI received during a skipped duration which has been indicated.
Another issue related with the retransmission handling is that DRX retransmission timer is configured per HARQ process. Considering a UE can support up to 16 HARQ processes for DL, when we discuss the additional monitoring during a skipped duration, we should consider the case when retransmission timers for multiple HARQ processes are running. In this case, there are two possible alternatives:
· Alt1: PDCCH is monitored when the retransmission timer of any HARQ process is running. By this alternative, no retransmission is missed.
· Alt2: PDCCH is monitored when the retransmission timer of one specific HARQ process is running. For example, the specific HARQ process can correspond to the DCI indicating ‘PDCCH skipping’. By this alternative, UE additionally monitors PDCCH within only one time duration (i.e. the retransmission timer of one specific HARQ process). But the retransmission of other HARQ process may be missed.
Comparing the above two alternatives, Alt1 is preferred by us since it can avoid retransmission missing and thus reduce latency. 
Proposal 15: UE monitors PDCCH for retransmission scheduling if the HARQ retransmission timer of any HARQ process is running during an indicated skipping duration.
Based on the discussion, we have the following text proposal.
---------------------------------- Start of Text Proposal 6 for TS 38.213---------------------------------
< Unchanged parts are omitted >
10.4	Search space set group switching and skipping of PDCCH monitoring
< Unchanged parts are omitted >
When the timer expires, the UE monitors PDCCH on the serving cell according to search space sets with group index 0.
If a UE is indicated skipping PDCCH monitoring for a duration by a DCI format 1_1 and/or DCI format 1_2 that schedules a PDSCH reception, during the indicated duration the UE still monitors PDCCH when the drx-RetransmissionTimerDL of any HARQ process is running. If a PDCCH monitoring adaptation field is received during an indicated duration for skipping PDCCH monitoring, the indication of PDCCH monitoring adaptation field is ignored by the UE.
< Unchanged parts are omitted >
----------------------------------- End of Text Proposal 6 for TS 38.213-----------------------------------
Proposal 16: Adopt the Text Proposal 6 on the handling of HARQ retransmission.
PDCCH monitoring adaptation in multi-carrier case
This section further discusses DCI based PDCCH monitoring adaptation in multi-carrier case. In RAN1#107-e meeting, the following alternatives were proposed.
	For Rel-17 DCI based PDCCH monitoring adaptation , and when UE is configured CA, down-selection of the following alternatives
· Alt 0: PDCCH monitoring adaptation is only applied to the scheduled cell (including self-scheduling and  cross-carrier scheduling) 
· Alt 1: The adaptation can be applied to all CCs within a RRC configured CC group. 
· Indication of PDCCH monitoring adaptation is transmitted on only one CC of the CC group
· The indicated PDCCH monitoring adaptation is applied to all cells in the same CC group
· The maximum number of cells in the configured CC group is [16]
· Support up to [4] CC groups for a signle UE.
· Monitoring adaptation indication across different CC groups is not support.
· Alt 2: Extend dormancy indication field in scheduling DCI to indicate PDCCH monitoring adaptation when multiple cell are configured
· FFS details, e.g., Support PDCCH monitoring adaptation for multiple cells using DCI 1-1 format, at least based on case 2 dormancy-like indication and using a new RNTI configured by higher layers



[bookmark: OLE_LINK19][bookmark: OLE_LINK17]By Alt 0, only one serving cell can be indicated to perform PDCCH monitoring adaptation by a single DCI. Adapting to PDCCH monitoring on a single serving cell will reduce the power saving gain when the same RF chain on UE is shared by several serving cells. To realize PDCCH monitoring adaptation on the several serving cells, gNB has to transmit multiple DCIs that schedule PDSCH or PUSCH on each serving cell even if there is no data on the serving cells, which is not efficient for gNB. Hence, serving cell grouping is preferred for PDCCH monitoring adaptation in case of multiple cells, similarly as that for dormancy adaptation. Alt 1 can be considered. Serving cells including primary cell and SCells are grouped into several serving cell groups depending on gNB’s configuration and a DCI field which the bit sizes depend on the number of serving cell groups is needed. At most 2 bits are needed per serving cell group, the bit sizes of the DCI field can be at most 2*the number of serving cell groups. Each block of 1 or 2 bit in the DCI field indicates the UE to adapting to PDCCH monitoring for the cells in the corresponding group. For multiple cells case, it would be more critical for the overhead introduced in a DCI. Hence, reusing/extending the existing field in the DCI format can be considered, for example, combining Alt 1 and Alt 2. Considering DCI overhead and standard workload, we propose to use dormancy indication field of case 1 PDCCH or dormancy indication field in case 2 PDCCH to indicate PDCCH monitoring adaptation of multiple cells. Comparing Alt 0, this solution also gives the gNB more efficiency. 
[bookmark: OLE_LINK20]As shown in Figure 7, the serving cells are grouped into several cell groups by RRC parameter and the bit in dormancy indication field indicates the UE to adapt to PDCCH monitoring, e.g. PDCCH skipping, for the serving cells in the same cell groups. There are at most 5 bits for case 1 dormancy indication field, case 1 dormancy indication field can be used if 1 bit for PDCCH monitoring adaptation is configured per serving cell group. 
For case 2 dormancy indication, the field of modulation and coding scheme of transport block 1, new data indicator of transport block 1, redundancy version of transport block 1, HARQ number process number, Antenna port(s) and DMRS sequence initialization are used for dormancy indication, the more bit sizes can be used comparing with case 1 dormancy indication field. These fields can be called as case 2 dormancy indication field. Case 2 dormancy indication field is used if 2 bits for PDCCH monitoring adaptation are needed per serving cell group.
[image: ]
Figure 7 An example of indication of dormancy indication field in scheduling DCI
Table 1 and Table 2 show the examples on how the codepoints of the field map to the UE behaviours for multi-carriers.
Table 1: Example of interpretation of case 1 SCell dormancy indication field
	each bit in case 1 dormancy indication field
	Interpretation for Case 1 PDCCH monitoring adaptation
(one PDCCH skipping duration is configured)
	Interpretation for Case 2 PDCCH monitoring adaptation

	0
	“No skip” for the serving cells in the same group
	switching to SSSG0 for serving cells in the same group

	1
	[bookmark: OLE_LINK44]Skip PDCCH monitoring for the configured duration for serving cells in the same group
	switching to SSSG1 for serving cells in the same group



Table 2: Another example of interpretation of case 2 SCell dormancy indication field
	Each 2 bits in  case 2 dormancy indication field
	Interpretation for Case 1 PDCCH monitoring adaptation
(multiple PDCCH skipping durations are configured)
	Interpretation for Case 3 PDCCH monitoring adaptation
	Interpretation for Case 4 PDCCH monitoring adaptation

	00
	“No skip” for serving cells in the same group
	switching to SSSG0 for serving cells in the same group
	switching to SSSG0 for serving cells in the same group

	01
	Skip PDCCH monitoring for duration 1 for serving cells in the same group
	switching to SSSG1 for serving cells in the same group
	switching to SSSG1 for serving cells in the same group

	10
	Skip PDCCH monitoring for duration 2 for serving cells in the same group
	switching to SSSG2 for serving cells in the same group
	Skip PDCCH monitoring for duration 1 for serving cells in the same group

	11
	Skip PDCCH monitoring for duration 3 (if configured) for serving cells in the same group
	-
	Skip PDCCH monitoring for duration 2 (if configured) for serving cells in the same group



Based on the discussions, we have the following proposal.
Proposal 17: Support serving cells grouping for PDCCH monitoring adaptation and reusing case 1 and case 2 dormancy indication field to indicate PDCCH monitoring adaptation for serving cells in the same groups when multiple cell are configured. 

Interaction with BWP switching
Based on the discussion, PDCCH skipping and SSSG switching is at least per BWP level. When multiple BWPs are configured, the active BWP can be switched by DCI indication or bwp-InactivityTimer. 
For timer-based BWP switching, when the bwp-InactivityTimer expires, the UE will fall back to default BWP. When a scheduling DCI is received, the bwp-InactivityTimer shall restart. However, if a skipped duration is triggered and larger than bwp-InactivityTimer, there would be no PDCCH monitoring and UE will switch BWP before the end of PDCCH skipping duration. In this case, as shown in Figure 8, UE behavior on the new active BWP needs to be discussed. As PDCCH monitoring adaptation is configured per BWP, a straightforward way is when the UE switches to the new active BWP due to the expiration of bwp-InactivityTimer, the UE starts monitoring PDCCH on the active BWP. Therefore, we have the following proposal.
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Figure 8 PDCCH skipping for a duration and timer-based BWP switching
Proposal 18: If the active BWP is switched due to the expiration of bwp-InactivityTimer before the end of the PDCCH skipping duration, the default behavior on the new active BWP, i.e., default BWP, is 
· UE starts monitoring PDCCH according to configured SS sets if SSSG is not configured on the new active BWP;
·  UE starts monitoring PDCCH according to SS set in SSSG0 if SSSG is configured on the new active BWP.
[bookmark: OLE_LINK39]For DCI-based BWP switching, PDCCH monitoring adaptation and BWP switching can be indicated simultaneously in the same scheduling DCI. As PDCCH skipping durations and SSSG are configured per BWP, according to the Rel-15 rule in cross-BWP scheduling, the behavior indicated by scheduling DCI indicating a BWP switching is one of the behaviors configured on the indicated target BWP. For PDCCH skipping, the indicated value of the skipped duration is one of the values configured on the target BWP. For SSSG switching, the indicated SSSG is one of the SSSG on the target BWP. The UE can be indicated to skip PDCCH monitoring or switch SSSG on the target BWP.
Observation 3: If PDCCH skipping/SSSG switching and BWP switching are indicated simultaneously by the same scheduling DCI, the DCI indicates the PDCCH monitoring adaptation to be applied in the target BWP, which is the same as R15 rule in cross-BWP scheduling. No special specification change is needed.
In the case of cross-BWP scheduling, there is a necessity to discuss how the PDCCH skipping or SSSG switching take effect when BWP switching is triggered, which is similar as that for cross-slot scheduling based power saving in Rel-16. Figure 9 shows an example of the BWP switching delay and application delay for PDCCH skipping, there are two options regarding the application time to start PDCCH skipping:
· Option 1: PDCCH skipping duration starts after the application delay of PDCCH skipping.
· Option 2: PDCCH skipping duration starts after BWP switching delay or from the slot indicated by the slot offset value of the time domain resource assignment field in the DCI format.
For BWP switching, the UE is not required to receive or transmit in the cell during a time duration from the end of the third symbol of a slot where the UE receives the PDCCH that includes the DCI format in a scheduling cell until the beginning of a slot indicated by the slot offset value of the time domain resource assignment field in the DCI format. From the perspective of UE power saving, it is preferred that PDCCH skipping duration is not overlapped with BWP switching delay. Hence, Option 2 is preferred.
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Figure 9 BWP switching delay and application delay for PDCCH skipping
If SSSG switching and BWP switching are indicated simultaneously by the same scheduling DCI, to have a unified design, a simplest way is also to define the indicated SSSG takes effect from the slot indicated by the slot offset value of the time domain resource assignment field in the DCI format. 
Proposal 19: In case of a scheduling DCI indicating PDCCH monitoring adaptation and BWP switching simultaneously, 
· If PDCCH skipping is indicated, PDCCH skipping duration starts from the slot indicated by the slot offset value of the time domain resource assignment field in the DCI format;
· If SSSG switching is indicated, the indicated SSSG takes effect from the slot indicated by the slot offset value of the time domain resource assignment field in the DCI format.
Impact on legacy procedure
SR and RACH can also be used to trigger PDCCH monitoring adaptation because SR and RACH can imply UL traffic arriving. When the UE is monitoring PDCCH according to SSSG with large PDCCH periodicity, if SR or RACH is transmitted, the UE will switch to another SSSG with small PDCCH periodicity. For the similar reason, when the UE is in the duration of PDCCH skipping, the UE can also terminate the duration of PDCCH skipping and resume PDCCH monitoring if SR or RACH is transmitted. 
Proposal 20: Support SSSG switching or terminate PDCCH skipping triggered by SR and RACH.
Conclusion
In this contribution, remaining issues on PDCCH monitoring adaptation is discussed. Based on the discussion, we have the following observations.
Observation 1: When SSSG(s) are configured, configuring skipping duration per SSSG can adapt to different traffic and give gNB more flexibility. 
Observation 2: When SSSG(s) are configured, configuring skipping duration per BWP cannot help to solve the SSSG misalignment issue. 
Observation 3: If PDCCH skipping/SSSG switching and BWP switching are indicated simultaneously by the same scheduling DCI, the DCI indicates the PDCCH monitoring adaptation to be applied in the target BWP, which is the same as R15 rule in cross-BWP scheduling. No special specification change is needed.
It is proposed that
Proposal 1: Do not introduce empty SSSG during CR phase, which is a duplicate functionality of PDCCH skipping. 
Proposal 2: Adopt the Text Proposal 1 to clarify how to determine 1 bit or 2 bit for Case 2 and Case 3.
Proposal 3: PDCCH monitoring adaptation indication field in DCI format x_1 and x_2 are commonly configured.
Proposal 4: Do not introduce Case 5 (i.e., 3 SSSG switching and skipping) in CR phase.
Proposal 5: The parameter PDCCHSkippingDurationList is configured per BWP when SSSG is not configured.
Proposal 6: PDCCHSkippingDurationList are configured per BWP, which can be overridden by a PDCCHSkippingDurationList for a SSSG of the BWP, if configured.
Proposal 7: Do not monitor DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, MCS-C-RNTI, or the CS-RNTI in Type0/0A/1 or 2 PDCCH CSS during the PDCCH skipping duration.
Proposal 8: The parameter searchSpaceSwitchTimer-r17 is common for SSSG1 and SSSG2, and the parameter is configured per cell or per BWP.
Proposal 9: Endorse the Text Proposal 3 for TS 38.213 to Adopt Alt 2a regarding how to restart the timer.
Proposal 10: Adopt the text proposal 4 to capture that PDCCH skipping is not impacted by the expiration of SSSG timer.
Proposal 11: Support different application delay for SSSG switching and PDCCH skipping：
· If a scheduling DCI indicates the UE to switch SSSG, UE applies the SSSG switching after HARQ-ACK feedback if the DCI is a DL scheduling DCI, or after the scheduled PUSCH transmission if the DCI is a UL scheduling DCI format;
· If DCI indicates the UE to skip PDCCH monitoring for a duration, the application delay is max (applicable K0min, Z), after which the UE stops monitoring PDCCH in the duration.
· For timer based SSSG switching, the UE starts monitoring PDCCH according to search space sets with SSSG index 0 in the slot right after the timer expiration.
Proposal 12: Adopt the Text Proposal 5 for the application delay of PDCCH monitoring adaptation.
Proposal 13: After being indicated to skipping PDCCH monitoring, if the HARQ feedback for PDSCH is NACK, the UE still performs PDCCH monitoring for HARQ retransmission when drx-RetransmissionTimerDL is running.
Proposal 14: To simplify UE’s implementation, UE ignores the PDCCH adaptation field in the DCI received during a skipped duration which has been indicated.
Proposal 15: UE monitors PDCCH for retransmission scheduling if the HARQ retransmission timer of any HARQ process is running during an indicated skipping duration.
Proposal 16: Adopt the Text Proposal 6 on the handling of HARQ retransmission.
Proposal 17: Support serving cells grouping for PDCCH monitoring adaptation and reusing case 1 and case 2 dormancy indication field to indicate PDCCH monitoring adaptation for serving cells in the same groups when multiple cell are configured. 
Proposal 18: If the active BWP is switched due to the expiration of bwp-InactivityTimer before the end of the PDCCH skipping duration, the default behavior on the new active BWP, i.e., default BWP, is 
· UE starts monitoring PDCCH according to configured SS sets if SSSG is not configured on the new active BWP;
·  UE starts monitoring PDCCH according to SS set in SSSG0 if SSSG is configured on the new active BWP.
Proposal 19: In case of a scheduling DCI indicating PDCCH monitoring adaptation and BWP switching simultaneously, 
· If PDCCH skipping is indicated, PDCCH skipping duration starts from the slot indicated by the slot offset value of the time domain resource assignment field in the DCI format;
· If SSSG switching is indicated, the indicated SSSG takes effect from the slot indicated by the slot offset value of the time domain resource assignment field in the DCI format.
Proposal 20: Support SSSG switching or terminate PDCCH skipping triggered by SR and RACH.
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