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Discussion and decision
1 Introduction

This contribution discusses RAN2 impacts foreseen due to RAN1 specification of a DCI-based mechanism in skipping PDCCH monitoring (i.e. go to sleep, GTS) or switching PDCCH monitoring periodicity. It is important to highlight the related RAN1 details captured in TR 38.840 [1] within sections “5.1.5 Adaptation to achieve reducing PDCCH monitoring/decoding” and "7 Conclusion". 
2 Discussion

TR 38.840 [1] captures results from companies on the power consumption saving when using a DCI-based mechanism to skip PDCCH monitoring by UEs in RRC_CONNECTED. For RAN2 initial analysis, it is summarized how this GTS functionality works and understanding that it does not restrict/impact legacy UL activity/operations.
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Figure 1. High level overview on GTS operation for RRC_CONNECTED UEs
In Figure 1, scenario (A) represents legacy C-DRX when no data activity is triggered to/by the UE, scenario (B) represents GTS where UE can stop monitoring PDCCH during certain time while keeping inactivity timer still running, scenario (C) represents GTS where UE can stop monitoring PDCCH during certain time while keeping ON duration timer still running and scenario (D) represents the UE entering into the DRX sleep period while skipping the PDCCH monitoring due to a previous GTS indication (therefore the UE would enter into the DRX sleep period as per legacy C-DRX behaviour). 
On summary, the GTS could be transmitted at any moment during the active period understanding that the skip of PDCCH monitoring during certain time does not impact to legacy C-DRX behavior as shown in scenarios (B), (C) and (D) of Figure 1. 
Observation 1. Upon reception of GTS signaling, legacy C-DRX continues e.g. DRX inactivity timer or ON duration timer will continue running (even though PDCCH monitoring is skipped during certain number of subframes) or UE may enter into DRX sleep time.

For the HARQ retransmissions (i.e. drx-RetransmissionTimerDL/UL), RAN1 assumes that gNB only sends the GTS after concluding them as upon reception of the GTS, UE skips any monitoring of PDCCH. Moreover RAN1 design assumes that GTS is decoupled with PDCCH used for PDSCH scheduling (i.e. separate DCI format).
Observation 2. Upon reception of the DCI-based GTS, UE skips any monitoring of PDCCH including for HARQ retransmission; this is not foreseen a problem as gNB controls when to send the DCI-based GTS.

In our understanding, RAN1 companies assumed that other activities, such as RRM measurements, will follow legacy behavior. However other RRM optimizations being discuss within this SI/WI may also be applicable when using WUS e.g. relaxation of RRM measurement.

Observation 3. RRM measurements enhancements discussed in this SI/WI could be applied in conjunction with this new DCI-based GTS but its discussion is handled separately as it was done by RAN1.

For CA/DC operation, RAN1 is still discussing how the GTS works and the following options are considered: 

Option 1. GTS affects all cells in the MAC entity. 

Option 2. GTS is cell specific (i.e. affects differently to each cell).

Option (1) keeps Rel-15 NR C-DRX modelling (where active time is common for all serving cells) which would introduce lower specification impact. However this option may imply an increase of UE's power consumption e.g. when network is aware that no activity is expected for a given time in an specific carrier. Option (2) breaks Rel-15 NR C-DRX modelling aiming to provide a more power saving efficient feature to the UE. Note that these two options could also be used in conjunction as there might be cases when network will not do any scheduling in any of the cells and option (1) would be sufficient and other ones where option (2) is more efficient, as previously explained. However we should avoid duplicating discussions between RAN1 and RAN2, therefore we suggest waiting for RAN1 progress/outcome on this regard.
Observation 4. For CA/DC operation, RAN1 is still discussing whether to enable option (1) GTS signal affects all cells in the MAC entity and/or option (2) GTS is cell specific.

Proposal 1. RAN2 waits for RAN1 progress/outcome on GTS operation in relation to CA/DC operation.

On summary, C-DRX operation described in TS 38.300 and 38.321 will need to be updated to allow the behavior described in this paper.
Proposal 2. RAN2 specification should capture the following:

Proposal 2.1. Upon UE reception of the new DCI-based GTS, the UE skips any monitoring of PDCCH for as long as GTS indicates (and even while the UE may be in its active time). 
Proposal 2.2. While UE is skipping the monitoring of PDCCH (as indicated by GTS), the UE keep legacy C-DRX operation for other aspect e.g. DRX inactivity timer or ON duration timer continue running and UE may transition into the DRX sleep period.

3 Conclusion

The observations captured are the following:
Observation 1.
Upon reception of GTS signaling, legacy C-DRX continues e.g. DRX inactivity timer or ON duration timer will continue running (even though PDCCH monitoring is skipped during certain number of subframes) or UE may enter into DRX sleep time.
Observation 2.
Upon reception of the DCI-based GTS, UE skips any monitoring of PDCCH including for HARQ retransmission; this is not foreseen a problem as gNB controls when to send the DCI-based GTS.
Observation 3.
RRM measurements enhancements discussed in this SI/WI could be applied in conjunction with this new DCI-based GTS but its discussion is handled separately as it was done by RAN1.
Observation 4.
For CA/DC operation, RAN1 is still discussing whether to enable option (1) GTS signal affects all cells in the MAC entity and/or option (2) GTS is cell specific.

The proposals captured are the following:
Proposal 1.
RAN2 waits for RAN1 progress/outcome on GTS operation in relation to CA/DC operation.
Proposal 2.
RAN2 specification should capture the following:
Proposal 2.1.
Upon UE reception of the new DCI-based GTS, the UE skips any monitoring of PDCCH for as long as GTS indicates (and even while the UE may be in its active time).
Proposal 2.2.
While UE is skipping the monitoring of PDCCH (as indicated by GTS), the UE keep legacy C-DRX operation for other aspect e.g. DRX inactivity timer or ON duration timer continue running and UE may transition into the DRX sleep period.
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