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1. [bookmark: _Toc120549591]Introduction
In this contribution, some issues on DCI format 2_6 monitoring and other related aspects are discussed.
2. Discussion on remaining issues of periodic CSI/L1-RSRP reporting
DCI format 2_6 is used to indicate one or more UEs to start the drx-onDurationTimer or not for the next long DRX cycle. In last RAN1#99 meeting [1], it was agreed that a UE can still be configured to perform periodic CSI/L1-RSRP reporting even if drx_OnDurationTimer does not start indicated by DCI Format 2_6. The intention of this agreement is to reduce the impact on the link adaptation caused by the WUS as much as possible.
Agreements:
When drx_OnDurationTimer does not start, RAN1 agrees the following report(s) are impacted by the WUS indication
· SP L1-RSRP reporting 
· SP-CSI
· SRS
Except:
· by configuration, whether or not for periodic L1-RSRP reporting
· by configuration, whether or not for periodic CSI
· By default, both the above two are also impacted by the WUS indication
Note: for the above two bullets (under Except), no additional RAN1 impact is expected in Rel-16
However, based on current TS 38.214 [2], although the periodic CSI/L1-RSRP could be configured to be reported during the time duration indicated by drx-onDurationTimer also outside active time when the UE is configured to monitor DCI format 2_6, the most recent CSI measurement occasion for the CSI/L1-RSRP to be reported must occur in DRX active time. For sporadic traffics which would benefit from DCI format 2_6, this will cause that the reported CSI/L1-RSRP is out-of-date and is actually measured long time before during DRX active time. This is obviously not the intention and such kind of CSI/L1-RSRP will be useless. Therefore, it would be necessary to allow the most recent CSI measurement occasion occurs during the time duration indicated by drx-onDurationTimer also outside active time when the UE is configured to monitor DCI format 2_6 and configured with higher layer parameter [PS-Periodic_CSI_TransmitOrNot]/ [PS_Periodic_L1-RSRP_TransmitOrNot] to report CSI/L1-RSRP. 
Proposal 1: When the UE is configured to monitor DCI format 2_6 and if the UE configured with higher layer parameter [PS-Periodic_CSI_TransmitOrNot] / [PS_Periodic_L1-RSRP_TransmitOrNot] to report CSI/L1-RSRP with the higher layer parameter reportConfigType set to ‘periodic’ when drx-onDurationTimer is not started, the most recent CSI measurement occasion occurs in DRX active time or during the time duration indicated by drx-onDurationTimer also outside active time. The text proposals are provided below.
TS 38.214
*** Unchanged text is omitted ***
[bookmark: _Toc29674285][bookmark: _Toc29673292][bookmark: _Toc29673151][bookmark: _Toc27299886][bookmark: _Toc20317988][bookmark: _Toc11352098]5.1.6.1	CSI-RS reception procedure
The CSI-RS defined in Clause 7.4.1.5 of [4, TS 38.211], may be used for time/frequency tracking, CSI computation, L1-RSRP computation and mobility.
For a CSI-RS resource associated with a NZP-CSI-RS-ResourceSet with the higher layer parameter repetition set to 'on', the UE shall not expect to be configured with CSI-RS over the symbols during which the UE is also configured to monitor the CORESET, while for other NZP-CSI-RS-ResourceSet configurations, if the UE is configured with a CSI-RS resource and a search space set associated with a CORESET in the same OFDM symbol(s), the UE may assume that the CSI-RS and a PDCCH DM-RS transmitted in all the search space sets associated with CORESET are quasi co-located with 'QCL-TypeD', if 'QCL-TypeD' is applicable. This also applies to the case when CSI-RS and the CORESET are in different intra-band component carriers, if 'QCL-TypeD' is applicable. Furthermore, the UE shall not expect to be configured with the CSI-RS in PRBs that overlap those of the CORESET in the OFDM symbols occupied by the search space set(s).
The UE is not expected to receive CSI-RS and SIB1 message in the overlapping PRBs in the OFDM symbols where SIB1 is transmitted. 
If the UE is configured with DRX, 
· when the UE is configured to monitor DCI format 2_6 and if the UE configured by higher layer parameter [PS-Periodic_CSI_TransmitOrNot] to report CSI with the higher layer parameter reportConfigType set to ‘periodic’ when drx-onDurationTimer is not started, the most recent CSI measurement occasion occurs in DRX active time or during the time duration indicated by drx-onDurationTimer also outside DRX active time for CSI to be reported; 
· when the UE is configured to monitor DCI format 2_6 and if the UE configured by higher layer parameter [PS_Periodic_L1-RSRP_TransmitOrNot] to report L1-RSRP with the higher layer parameter reportConfigType set to ‘periodic’ when drx-onDurationTimer is not started, the most recent CSI measurement occasion occurs in DRX active time or during the time duration indicated by drx-onDurationTimer also outside DRX active time for CSI to be reported;
· otherwise, the most recent CSI measurement occasion occurs in DRX active time for CSI to be reported.

*** Unchanged text is omitted ***
[bookmark: _Toc29674324][bookmark: _Toc29673331][bookmark: _Toc29673190][bookmark: _Toc27299919][bookmark: _Toc20318021][bookmark: _Toc11352131]5.2.2.5	CSI reference resource definition
*** Unchanged text is omitted ***
When DRX is configured, the UE reports a CSI report only if receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement in DRX Active Time or during the time duration indicated by the drx-onDurationTimer when the UE is configured to monitor DCI format 2_6 and with higher layer parameter [PS-Periodic_CSI_TransmitOrNot]/[PS_Periodic_L1-RSRP_TransmitOrNot] to report CSI/L1-RSRP with the higher layer parameter reportConfigType set to ‘periodic’ no later than CSI reference resource and drops the report otherwise. When the UE is configured to monitor DCI format 2_6 and if the UE configured by higher layer parameter [PS-Periodic_CSI_TransmitOrNot] to report CSI with the higher layer parameter reportConfigType set to ‘periodic’ when drx-onDurationTimer is not started, the UE shall report CSI during the time duration indicated by drx-onDurationTimer also outside active time according to the procedure described in Clause 5.2.1.4. When the UE is configured to monitor DCI format 2_6 and if the UE configured by higher layer parameter [PS_Periodic_L1-RSRP_TransmitOrNot] to report L1-RSRP with the higher layer parameter reportConfigType set to ‘periodic’ when drx-onDurationTimer is not started, the UE shall report L1-RSRP during the time duration indicated by drx-onDurationTimer also outside active time according to the procedure described in clause 5.2.1.4.
*** Unchanged text is omitted ***
3. Discussion on valid DCI format 2_6 monitoring occasions
In last RAN1#99 meeting, it was agreed that the UE will wake up when the DCI format 2_6 monitoring occasion(s) is invalid as in the following agreement [1]. There is a FFS that whether it is all monitoring occasions or some monitoring occasions.
Agreements:
UE follows legacy DRX operation when DCI format 3_0 monitoring occasion(s) is invalid or there are no DCI format 3_0 monitoring occasions outside Active Time.  
· FFS: Additional cases in addition to Rel-15 invalid PDCCH monitoring, 
· FFS: whether it is all monitoring occasions or some monitoring occasions 
	
In addition, the agreements of DCI format 2_6 monitoring were as the following [1],
Agreements:
For each SearchSpace set, UE monitors DCI format 3_0 only in the 1st full “duration” at or after the PS_offset, but before the DRX on-duration



Agreements:
UE is not required to monitor DCI format 3_0 during the minimum time gap before DRX ON.  

From the agreements, we can see that the actual monitoring occasions of DCI format 2_6 is based on the PS_offset and minimum time gap. However, there could be some ambiguity when the 1st full duration between the PS_offset and DRX on-duration is partially overlapped with the time gap before the DRX ON, which is illustrated in Figure 1. In this case, it is not clear that the monitoring occasions in the “partial” duration between PS_offset and minimum gap are valid DCI monitoring occasions or not.




 


Figure 1. Partial DCI format 2_6 monitoring occasions between PS_offset and minimum gap

There are two interpretations on this issue.
Interpretation 1: The monitoring occasions in the “partial” duration between PS_offset and minimum gap are valid monitoring occasions
The current TS 38.213 V16.00 [3] follows the interpretation 1. According to the current description of the ps-Offset, it only restrict the starting position of DCI format 2_6 monitoring, the monitoring length is equal to  slots,
“-	an offset by ps-Offset indicating a time, where the UE starts monitoring PDCCH for detection of DCI format 2_6 according to the number of search space sets, prior to a slot where the drx-onDuarationTimer would start on the PCell or on the SpCell [11, TS 38.321]
-	for each search space set, the PDCCH monitoring occasions are the ones in the first  slots indicated by duration, or  slot if duration is not provided, starting from the first slot of the first  slots and ending prior to the start of drx-onDurationTimer.”
and UE does not monitor the DCI format 2_6 only during the minimum gap, 
“If a UE reports for an active DL BWP a requirement for a number of slots prior to the beginning of a slot where the UE would start the drx-onDurationTimer, the UE is not required to monitor PDCCH for detection of DCI format 2_6 during the number of slots.”

Based on the current description in TS 38.213 V16.00, UE can still monitor the DCI format 2_6 between PS_offset and the minimum gap in the Figure 1 case.
Interpretation 2: The monitoring occasions in the “partial” duration between PS_offset and minimum gap are invalid monitoring occasions
In this interpretation, if the 1st full “duration” overlaps with the minimum gap as in Figure 1, not all the monitoring occasions in the 1st “full” duration can be guaranteed and UE cannot monitor DCI format 2_6 during the gap, this will greatly reduce the probability of successful detection of DCI format 2_6. Therefore, in order to avoid the miss detection of DCI Format 2_6 caused by the reduced number of monitoring occasions, it would be better to treat the monitoring occasions in the “partial” duration between PS_offset and minimum gap as invalid monitoring occasions. That means, UE is not required to monitor PDCCH for detection of DCI format 2_6 in these monitoring occasions.
Proposal 2: It should be further clarified that the monitoring occasions of the 1st “full” duration between PS_offset and DRX ON are valid or not if the duration is partially overlapped with the minimum gap before DRX ON.

Proposal 3: If interpretation 2 is adopted, the following text proposal of TS 38.213 could be considered. 
TS 38.213 
*** Unchanged text is omitted ***
[bookmark: _Toc29894868][bookmark: _Toc29899167][bookmark: _Toc29899585][bookmark: _Toc29917314]10.3	PDCCH monitoring indication and dormancy/non-dormancy behaviour for SCells
A UE configured with DRX mode operation [11, TS 38.321] on the PCell or on the SpCell [12, TS 38.331]
-	a PS-RNTI for DCI format 2_6 by ps-RNTI
-	a number of search space sets, by dci-Format2-6, to monitor PDCCH for detection of DCI format 2_6 on the active DL BWP of the PCell or of the SpCell according to a common search space as described in Clause 10.1
-	a payload size for DCI format 2_6 by SizeDCI_2-6
-	a location in DCI format 2_6 of a Wake-up indication bit by PSPositionDCI2-6, where 
-	the UE may not start the drx-onDurationTimer for the next long DRX cycle when a value of the 'PDCCH monitoring' bit is '0', and
-	the UE starts the drx-onDurationTimer for the next long DRX cycle when a value of the 'PDCCH monitoring' bit is '1'
-	a bitmap, when the UE is provided a number of groups of configured SCells by Scell-groups-for-dormancy-outside-active-time, where 
-	the bitmap location is immediately after the 'PDCCH monitoring' bit location
-	the bitmap size is equal to the number of groups of configured SCells where each bit of the bitmap corresponds to a group of configured SCells from the number of groups of configured SCells
-	a '0' value for a bit of the bitmap indicates an active DL BWP, provided by dormant-BWP, for the UE [11, TS38.321] for each activated SCell in the corresponding group of configured SCells
-	a '1' value for a bit of the bitmap indicates an active DL BWP, provided by first-non-dormant-BWP-ID-for-DCI-outside-active-time, for the UE for each activated SCell in the corresponding group of configured SCells
-	an offset by ps-Offset indicating a time, where the UE starts monitoring PDCCH for detection of DCI format 2_6 according to the number of search space sets, prior to a slot where the drx-onDuarationTimer would start on the PCell or on the SpCell [11, TS 38.321]
-	for each search space set, the PDCCH monitoring occasions are the ones in the first  slots indicated by duration, or  slot if duration is not provided, starting from the first slot of the first  slots and ending prior to the start of drx-onDurationTimer. 
The UE does not monitor PDCCH for detecting DCI format 2_6 during Active Time [11, TS 38.321].
If a UE reports for an active DL BWP a requirement for a number of slots prior to the beginning of a slot where the UE would start the drx-onDurationTimer, the UE is not required to monitor PDCCH for detection of DCI format 2_6 during the number of slots.
· for each search space set, the UE is not required to monitor PDCCH for detection of DCI format 2_6 in any of the PDCCH monitoring occasions in the  slots indicated by duration if provided, if part of the PDCCH monitoring occasions in the  slots are within the required number of slots reported by the UE.

If a UE is provided search space sets to monitor PDCCH for detection of DCI format 2_6 in the active DL BWP of the PCell or of the SpCell and the UE does not detect DCI format 2_6
-	if the UE is provided ps-WakeupOrNot, the UE is indicated by ps-WakeupOrNot whether the UE may not start or whether the UE shall start the drx-onDurationTimer for the next DRX cycle
-	if the UE is not provided ps-WakeupOrNot, the UE may not start Active Time indicated by drx-onDurationTimer for the next DRX cycle
If a UE is provided search space sets to monitor PDCCH for detection of DCI format 2_6 in the active DL BWP of the PCell or of the SpCell and the UE 
-	is not required to monitor PDCCH for detection of DCI format 2_6, as described in Clauses 10 and 11.1, for all corresponding PDCCH monitoring occasions outside Active Time prior to a next DRX cycle, or 
-	does not have any PDCCH monitoring occasions for detection of DCI format 2_6 outside Active Time of a next DRX cycle
the UE shall start by drx-onDurationTimer for the next DRX cycle.
*** Unchanged text is omitted ***
4. Conclusions
In this contribution, some remaining issues on DCI format 2_6 monitoring and other related aspects are discussed, and the following proposal are made.
Proposal 1: When the UE is configured to monitor DCI format 2_6 and if the UE configured with higher layer parameter [PS-Periodic_CSI_TransmitOrNot] / [PS_Periodic_L1-RSRP_TransmitOrNot] to report CSI/L1-RSRP with the higher layer parameter reportConfigType set to ‘periodic’ when drx-onDurationTimer is not started, the most recent CSI measurement occasion occurs in DRX active time or during the time duration indicated by drx-onDurationTimer also outside active time. The text proposals are provided below.
TS 38.214
*** Unchanged text is omitted ***
5.1.6.1	CSI-RS reception procedure
The CSI-RS defined in Clause 7.4.1.5 of [4, TS 38.211], may be used for time/frequency tracking, CSI computation, L1-RSRP computation and mobility.
For a CSI-RS resource associated with a NZP-CSI-RS-ResourceSet with the higher layer parameter repetition set to 'on', the UE shall not expect to be configured with CSI-RS over the symbols during which the UE is also configured to monitor the CORESET, while for other NZP-CSI-RS-ResourceSet configurations, if the UE is configured with a CSI-RS resource and a search space set associated with a CORESET in the same OFDM symbol(s), the UE may assume that the CSI-RS and a PDCCH DM-RS transmitted in all the search space sets associated with CORESET are quasi co-located with 'QCL-TypeD', if 'QCL-TypeD' is applicable. This also applies to the case when CSI-RS and the CORESET are in different intra-band component carriers, if 'QCL-TypeD' is applicable. Furthermore, the UE shall not expect to be configured with the CSI-RS in PRBs that overlap those of the CORESET in the OFDM symbols occupied by the search space set(s).
The UE is not expected to receive CSI-RS and SIB1 message in the overlapping PRBs in the OFDM symbols where SIB1 is transmitted. 
If the UE is configured with DRX, 
· when the UE is configured to monitor DCI format 2_6 and if the UE configured by higher layer parameter [PS-Periodic_CSI_TransmitOrNot] to report CSI with the higher layer parameter reportConfigType set to ‘periodic’ when drx-onDurationTimer is not started, the most recent CSI measurement occasion occurs in DRX active time or during the time duration indicated by drx-onDurationTimer also outside DRX active time for CSI to be reported; 
· when the UE is configured to monitor DCI format 2_6 and if the UE configured by higher layer parameter [PS_Periodic_L1-RSRP_TransmitOrNot] to report L1-RSRP with the higher layer parameter reportConfigType set to ‘periodic’ when drx-onDurationTimer is not started, the most recent CSI measurement occasion occurs in DRX active time or during the time duration indicated by drx-onDurationTimer also outside DRX active time for CSI to be reported;
· otherwise, the most recent CSI measurement occasion occurs in DRX active time for CSI to be reported.

*** Unchanged text is omitted ***
5.2.2.5	CSI reference resource definition
*** Unchanged text is omitted ***
When DRX is configured, the UE reports a CSI report only if receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement in DRX Active Time or during the time duration indicated by the drx-onDurationTimer when the UE is configured to monitor DCI format 2_6 and with higher layer parameter [PS-Periodic_CSI_TransmitOrNot]/[PS_Periodic_L1-RSRP_TransmitOrNot] to report CSI/L1-RSRP with the higher layer parameter reportConfigType set to ‘periodic’ no later than CSI reference resource and drops the report otherwise. When the UE is configured to monitor DCI format 2_6 and if the UE configured by higher layer parameter [PS-Periodic_CSI_TransmitOrNot] to report CSI with the higher layer parameter reportConfigType set to ‘periodic’ when drx-onDurationTimer is not started, the UE shall report CSI during the time duration indicated by drx-onDurationTimer also outside active time according to the procedure described in Clause 5.2.1.4. When the UE is configured to monitor DCI format 2_6 and if the UE configured by higher layer parameter [PS_Periodic_L1-RSRP_TransmitOrNot] to report L1-RSRP with the higher layer parameter reportConfigType set to ‘periodic’ when drx-onDurationTimer is not started, the UE shall report L1-RSRP during the time duration indicated by drx-onDurationTimer also outside active time according to the procedure described in clause 5.2.1.4.
*** Unchanged text is omitted ***

Proposal 2: It should be further clarified that the monitoring occasions of the 1st “full” duration between PS_offset and DRX ON are valid or not if the duration is partially overlapped with the minimum gap before DRX ON.
Proposal 3: If interpretation 2 is adopted, the following text proposal of TS 38.213 could be considered. 
TS 38.213 
*** Unchanged text is omitted ***
10.3	PDCCH monitoring indication and dormancy/non-dormancy behaviour for SCells
A UE configured with DRX mode operation [11, TS 38.321] on the PCell or on the SpCell [12, TS 38.331]
-	a PS-RNTI for DCI format 2_6 by ps-RNTI
-	a number of search space sets, by dci-Format2-6, to monitor PDCCH for detection of DCI format 2_6 on the active DL BWP of the PCell or of the SpCell according to a common search space as described in Clause 10.1
-	a payload size for DCI format 2_6 by SizeDCI_2-6
-	a location in DCI format 2_6 of a Wake-up indication bit by PSPositionDCI2-6, where 
-	the UE may not start the drx-onDurationTimer for the next long DRX cycle when a value of the 'PDCCH monitoring' bit is '0', and
-	the UE starts the drx-onDurationTimer for the next long DRX cycle when a value of the 'PDCCH monitoring' bit is '1'
-	a bitmap, when the UE is provided a number of groups of configured SCells by Scell-groups-for-dormancy-outside-active-time, where 
-	the bitmap location is immediately after the 'PDCCH monitoring' bit location
-	the bitmap size is equal to the number of groups of configured SCells where each bit of the bitmap corresponds to a group of configured SCells from the number of groups of configured SCells
-	a '0' value for a bit of the bitmap indicates an active DL BWP, provided by dormant-BWP, for the UE [11, TS38.321] for each activated SCell in the corresponding group of configured SCells
-	a '1' value for a bit of the bitmap indicates an active DL BWP, provided by first-non-dormant-BWP-ID-for-DCI-outside-active-time, for the UE for each activated SCell in the corresponding group of configured SCells
-	an offset by ps-Offset indicating a time, where the UE starts monitoring PDCCH for detection of DCI format 2_6 according to the number of search space sets, prior to a slot where the drx-onDuarationTimer would start on the PCell or on the SpCell [11, TS 38.321]
-	for each search space set, the PDCCH monitoring occasions are the ones in the first  slots indicated by duration, or  slot if duration is not provided, starting from the first slot of the first  slots and ending prior to the start of drx-onDurationTimer. 
The UE does not monitor PDCCH for detecting DCI format 2_6 during Active Time [11, TS 38.321].
If a UE reports for an active DL BWP a requirement for a number of slots prior to the beginning of a slot where the UE would start the drx-onDurationTimer, the UE is not required to monitor PDCCH for detection of DCI format 2_6 during the number of slots.
· for each search space set, the UE is not required to monitor PDCCH for detection of DCI format 2_6 in any of the PDCCH monitoring occasions in the  slots indicated by duration if provided, if part of the PDCCH monitoring occasions in the  slots are within the required number of slots reported by the UE.
[bookmark: _GoBack]
If a UE is provided search space sets to monitor PDCCH for detection of DCI format 2_6 in the active DL BWP of the PCell or of the SpCell and the UE does not detect DCI format 2_6
-	if the UE is provided ps-WakeupOrNot, the UE is indicated by ps-WakeupOrNot whether the UE may not start or whether the UE shall start the drx-onDurationTimer for the next DRX cycle
-	if the UE is not provided ps-WakeupOrNot, the UE may not start Active Time indicated by drx-onDurationTimer for the next DRX cycle
If a UE is provided search space sets to monitor PDCCH for detection of DCI format 2_6 in the active DL BWP of the PCell or of the SpCell and the UE 
-	is not required to monitor PDCCH for detection of DCI format 2_6, as described in Clauses 10 and 11.1, for all corresponding PDCCH monitoring occasions outside Active Time prior to a next DRX cycle, or 
-	does not have any PDCCH monitoring occasions for detection of DCI format 2_6 outside Active Time of a next DRX cycle
the UE shall start by drx-onDurationTimer for the next DRX cycle.
*** Unchanged text is omitted ***
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