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1 Introduction
In RAN2#105bis meeting, RAN2 discussed the impact of DCI-based mechanism in skipping PDCCH monitoring. The following agreement has been reached [1].
Agreements

RAN2 will study the RAN2 impact of DCI-based PDCCH skipping assuming that it can be configured with or 

without DRX
In addition, an email discussion [2] was initiated to understand how L1 and L2 will work together and whether there is duplication of DRX functionality to understand whether additional mechanisms, as well as identify the RAN2 impacts.
In this paper, we further discuss necessity of DCI-based PDCCH skipping and the possible RAN2 impact of the DCI-based indication for PDCCH skipping. In addition, another aspect on the potential impact of dynamic selection of PDCCH monitoring periodicity on RAN2 is also discussed.
2 Discussion
2.1 Necessity of the DCI-based PDCCH skipping

In our view, DCI-based PDCCH skipping should be supported considering:

1) DCI-based PDCCH skipping could provide attractive power saving gain
According to the RAN1 evaluations, the power saving gains of the DCI-based PDCCH skipping is attractive especially for the sporadic traffic. Following is the observation extracted from the TR [3]. 

The power saving schemes for reducing PDCCH monitoring shows 5%-85% power saving gains with different detailed schemes comparing to the assumed baseline scheme of Rel-15 PDCCH monitoring for the purpose of evaluation, although each of the different detailed schemes offers various power saving gains. Lower power saving gains 5%-15% were observed for the continuous traffic. High power saving gains 50%-85% was observed for sporadic traffic arrival.

2) DCI-based PDCCH skipping have different functionality with the DRX MAC CE command.
Compared with the DRX MAC CE command, it is more flexible for NW to use DCI-based mechanism to adjust UE sleeping time, and the granularity of the DCI-based mechanism is finer than the MAC CE based go to sleep indication. In addition, according to our evaluation as shown in [4], it is observed that the PDCCH based short term indication of PDCCH skipping can maintain 30% higher UPT performance than the MAC-CE based termination of inactivity timer, and with the same UPT performance, the adaptation of PDCCH skipping can save additional 15% power saving gain compared with MAC CE based termination of inactivity timer.
3) DCI-based PDCCH skipping is not the duplication of the DRX functionality. It is actually a supplemental feature which can further reduce the UE power consumption on top of DRX operation.
Proposal 1: RAN2 agree to support the DCI-based PDCCH skipping scheme.
2.2 Impact of DCI-based PDCCH skipping to DRX
According to the email discussion, the following two issues are discussed. 

· Issue 1: Impact of DCI-based PDCCH skipping on DRX

· Issue 2: Impact of DRX on DCI-based PDCCH skipping

Next, we give some further analysis on these two issues.
· Issue 1:

In our understanding, the scenario that this issue talks about is the one as shown in Figure 1.
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Figure 1 Scenario corresponding to Issue 1
Scenario/Issue description: Before T1, the UE is in Active Time according to the definition in [5] and monitoring the PDCCH. At T1, the UE received the DCI-based indication for PDCCH skipping, which period is from T1 to T1+M. Then the issue is whether the UE should monitor the PDCCH or not during this period, and whether there is any impact on the Active Time events. 
For this issue, we think it depends on which Active Time event is ongoing before T. Below we give our analysis on the issue by dividing the Active Time event into three Types.
Type 1 event：At least one of the following timers i.e., drx-OnDurationTimer, drx-InactivityTimer, drx-RetransmissionTimerUL, drx-RetransmissionTimerDL, is running

For this type event, the gNB is aware of that the timer is running and the UE is monitoring the PDCCH. In this case, if the gNB decides to not schedule data transmission/reception for the UE for a period of time, then it may send the DCI-based indication for PDCCH skipping to the UE. So, in this case, the UE can be sure to stop the PDCCH monitoring during the period indicated by the gNB. The period for PDCCH skipping as indicated by the DCI may be shorter than the remaining time of concerned timer, which means that after the period of the PDCCH skipping, the UE should keep monitoring the PDCCH. For this reason, we think that when such DCI-based indication is received, the UE has no need to stop the concerned timer. In this way, the impact on thess DRX timers is minimum.
Proposal 2: If the UE received the DCI-based indication for PDCCH skipping when one or more of the DRX related timer(s) (including drx-OnDurationTimer, drx-InactivityTimer, drx-RetransmissionTimerUL and drx-RetransmissionTimerDL) is running, the UE keeps the timer running but shall not monitor the PDCCH during the period indicated by the DCI.
Type 2 event: ra-ContentionResolutionTimer is running
The ra-ContentionResolutionTimer running implies that the UE’s contention resolution has not been successful, meaning that the gNB may have not successfully decode the UE’s Msg3. So in this case, when the gNB send the DCI-based indication for PDCCH skipping, it may be not aware of that the UE is performing the CB RA. Then if the UE keeps the timer running but not monitor the PDCCH after receiving such indication, it could not receive the PDCCH for contention resolution after the gNB decode its Msg 3. Then the UE shall consider the contention resolution as failure upon the timer expires according to the current specification, and re-initiate the preamble transmission. In this case, it would result in more unnecessary UE’s power consumption. So, if such event is ongoing when the UE received the DCI-indication for PDCCH skipping, the UE should not stop the timer and keep the PDCCH monitoring. In this way, the impact on RA procedure is minimum.
Proposal 3: If the UE received the DCI-based indication for PDCCH skipping when the ra-ContentionResolutionTimer is running, the UE should still keep the timer running and the PDCCH monitoring during the period indicated by the DCI.
Type 3 event: SR has been sent on the PUCCH and is pending
When such event is ongoing, if the UE skip the PDCCH monitoring after receiving DCI-based indication, it could not receive the UL grant which can include the BSR or accommodate all the pending data available for transmission during the PDCCH skipping period, meaning that the UE shall not cancel the SR during this period. So after the SR prohibit timer expires, the UE shall re-initiate the SR transmission according to the current specification. In this case, it would result in more unnecessary UE’s power consumption. So, if such event is ongoing when the UE received the DCI-indication for PDCCH skipping, the UE should not skip the PDCCH monitoring. In this way, the impact on SR procedure is minimum.
Proposal 4: If the UE received the DCI-based indication for PDCCH skipping after the UE has sent the SR and the SR is pending, the UE should still keep the PDCCH monitoring during the period indicated by the DCI.
· Scenario 2 and Issue 2:
In our understanding, the scenario that this issue talks about is the one as shown in Figure 2.
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Figure 2 Scenario 2 corresponding to Issue 2
Scenario/Issue description: at T1, the UE received the DCI-based indication for PDCCH skipping for a period of M, while at T1+N (0<N<M), one or more concerned event occurs and the UE enter into Active Time according the definition in [5]. Then the issue is whether the UE should monitor the PDCCH or not during the period from T1+N to T1+M.
In this scenario, one Active Time event that may occur in practical is: a SR is sent on the PUCCH and the SR is pending. If the UE applies the PDCCH skipping once this event occurs, there could be two problem. 1) The UE can be scheduled with UL grant until T1+M. If the SR is triggered by the Measurement Result or by some delay-sensitive data, this delay may be disaster which would impact the UE’s performance. 2) If the SR prohibit timer expires during the period, the UE shall re-initiate the SR transmission. In this case, it would result in more unnecessary UE’s power consumption. So to avoid these problem and avoid the impact on SR procedure, the UE should monitor the PDCCH if the SR is sent and pending after it has received the DCI-based indication for PDCCH skipping. 
Proposal 5: If the UE send the SR and the SR is pending when the UE is applying the PDCCH skipping by following the DCI-based indication which was received before sending the SR, the UE should ignore the DCI-based indication and keep the PDCCH monitoring. 
In this scenario, another event that may occur in practical is: the UE initiate the RA procedure (e.g. the RA procedure is triggered due to UL data arrival but no dedicated SR resource available). If the UE applies the PDCCH skipping once this event occurs, there are the similar problem as above for SR event. So to avoid those problem and avoid the impact on RA procedure, the UE should monitor the PDCCH if the RA procedure is initiated after it has received the DCI-based indication for PDCCH skipping.

Proposal 6: If the UE initiates the RA procedure when the UE is applying the PDCCH skipping by following the DCI-based indication which was received before initiating RA procedure, the UE should ignore the DCI-based indication and keep the PDCCH monitoring.
2.3 Impact of dynamic selection of PDCCH monitoring periodicity
The intention of introducing the dynamic selection of PDCCH monitoring periodicity is to change the PDCCH monitoring periodicity more dynamically than RRC configuration. If the periodicity is larger, less power is consumed. Furthermore, dynamic selecting the PDCCH monitoring periodicity via DCI can allow the UE to fast adapt to the traffic changing.

To achieve the purpose of dynamic selecting PDCCH monitoring periodicity, there are two possible methods, which have different impact for RAN2.

·  The first method is to configure more search space sets, which are not activated immediately after they are configured. For example, the gNB can configure the UE with 6 search space sets, in which the first 3 search space sets are automatically activated after the configuration, and the last 3 search space sets are not. And the last 3 search space sets can be activated by the DCI-based power saving signal/channel later, while the first 3 search space sets are deactivated at the same time. In this method, the possible impact is to introduce an indicator, which is used to indicate whether the corresponding search space set is automatically activated after the configuration.

·  The second method is to configure a search space set with multiple monitoring periodicities. One of the periodicities are used as a default value after the configuration, and the DCI-based power saving signal/channel can indicate the switching among the different periodicities. In this method, the possible impact is to introduce more candidate monitoring periodicities within a search space set. In addition, clarification may be needed to determine which one periodicity is the first one to use.

Proposal 7: For the DCI-based power saving signal/channel indicating the dynamic selection of PDCCH monitoring periodicity, one of the following two enhancements are considered to be specified:
· Search space sets which is not activated automatically are introduced; or
· Multiple monitoring periodicities within a search space set are introduced.
3 Conclusion

In this paper we discussed the necessity of the DCI-based PDCCH skipping and its impact to the DRX. The proposals are listed as below.
Proposal 1: RAN2 agree to support the DCI-based PDCCH skipping scheme.
Proposal 2: If the UE received the DCI-based indication for PDCCH skipping when one or more of the DRX related timer(s) (including drx-OnDurationTimer, drx-InactivityTimer, drx-RetransmissionTimerUL and drx-RetransmissionTimerDL) is running, the UE keeps the timer running but shall not monitor the PDCCH during the period indicated by the DCI.
Proposal 3: If the UE received the DCI-based indication for PDCCH skipping when the ra-ContentionResolutionTimer is running, the UE should still keep the timer running and the PDCCH monitoring during the period indicated by the DCI.
Proposal 4: If the UE received the DCI-based indication for PDCCH skipping after the UE has sent the SR and the SR is pending, the UE should still keep the PDCCH monitoring during the period indicated by the DCI.
Proposal 5: If the UE send the SR and the SR is pending when the UE is applying the PDCCH skipping by following the DCI-based indication which was received before sending the SR, the UE should ignore the DCI-based indication and keep the PDCCH monitoring.
Proposal 6: If the UE initiates the RA procedure when the UE is applying the PDCCH skipping by following the DCI-based indication which was received before initiating RA procedure, the UE should ignore the DCI-based indication and keep the PDCCH monitoring.
Proposal 7: For the DCI-based power saving signal/channel indicating the dynamic selection of PDCCH monitoring periodicity, one of the following two enhancements are considered to be specified:
· Search space sets which is not activated automatically are introduced; or
· Multiple monitoring periodicities within a search space set are introduced.
A corresponding TP is provided in section 5
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5 Text Proposal
----------------------------Start of the TP------------------------------------
6.3
Higher layer procedures for the UE power saving schemes in RRC_CONNECTED

The higher layer procedure for the UE power saving schemes includes the required signalling and procedures (when needed) for the proposed power saving schemes in Section 5.   

The PDCCH-based power saving signal/channel scheme for wake-up purpose is considered jointly with DRX and is only configured when DRX is configured. If the PDCCH-based power saving signal/channel for wake-up purpose is not configured, the legacy DRX operation applies. The higher layer procedure in support of the PDCCH-based power saving signal/channel scheme for wake-up purpose should be studied for its adaptation to DRX operation (Section 5.1.4). 
When configured, the PDCCH-based power saving signal/channel scheme for wake-up purpose is monitored at occasions located at a known offset before the start of the drx-onDurationTimer. The offset is part of physical layer design.
The DCI-based PDCCH monitoring skipping shall be supported, and it can be configured with or without DRX. The principles that should be followed in case that the DCI-based PDCCH monitoring skipping is configured includes:
· If the UE received the DCI-based indication for PDCCH skipping when one or more of the DRX related timer(s) (including drx-OnDurationTimer, drx-InactivityTimer, drx-RetransmissionTimerUL and drx-RetransmissionTimerDL) is running, the UE keeps the timer running but shall not monitor the PDCCH during the period indicated by the DCI.
· If the UE received the DCI-based indication for PDCCH skipping when the ra-ContentionResolutionTimer is running, the UE should keep the timer running and the PDCCH monitoring during the period indicated by the DCI.
· If the UE received the DCI-based indication for PDCCH skipping after the UE has sent the SR and the SR is pending, the UE should keep the PDCCH monitoring during the period indicated by the DCI.
· If the UE send the SR and the SR is pending when the UE is applying the PDCCH skipping by following the DCI-based indication which was received before sending the SR, the UE should ignore the DCI-based indication and keep the PDCCH monitoring.
· If the UE initiates the RA procedure when the UE is applying the PDCCH skipping by following the DCI-based indication which was received before initiating RA procedure, the UE should ignore the DCI-based indication and keep the PDCCH monitoring.
The concept of a timer-based uplink BWP switching mechanism, similar to the current mechanism used for the DL BWP, is not supported in Rel-16.

Power consumption gains can be achieved in CA configuration by reducing PDCCH monitoring in SCells.

UE assistance for DRX configuration should be studied.
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