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Introduction
Open issues for Network Energy Saving (NES) on Cell DTX/DRX regarding MAC spec were discussed in RAN2#124. The following agreement is included in the Draft Report of RAN2#124 [1]:
	Agreements:
1.	RAN2 will capture the NES-RNTI monitoring behavior in February meeting (once discussion is finalized)



This contribution discusses the DCI format 2_9 monitoring.
DCI_2_9 Monitoring
RAN1 has discussed the monitoring of DCI_2_9 for 2 meetings (RAN1#114-bis and RAN1#115).So far no consensus could be reached. However, the specifications should state when DCI_2_9 should be monitored. In fact, the specifications should consider DCI_2_9 monitoring different conditions as listed below:
· Cell DTX/DRX is not activated
· C-DRX is on active period
· C-DRX is in non-active period
· Cell DTX/DRX is activated
· Cell DTX/DRX is on-duration
· C-DRX is on active period
· C-DRX is in non-active period
· Cell DTX/DRX is off-duration
· C-DRX is on active period
· C-DRX is in non-active period

The only decision taken by RAN1 was “UE is expected to monitor DCI format 2_9 during active periods of C-DRX”. That however does not imply any behavior on times where C-DRX is in non-active periods nor the behavior regarding different states of Cell DTX/DRX: activated vs de-activated, and within activation, on-duration, or off-duration. 
The reason why it is so complex to come to an agreement is that from network perspective DCI_2_9 should be monitored often enough to allow timely activation and de-activation of Cell DTX/DRX, while from UE perspective monitoring DCI_2_9 too often would imply significant extra power consumption and extra complexity. For that reason, from UE perspective, it is preferable that DCI_2_9 monitoring is solely performed on active times of C-DRX. However, such an approach would be unbearable from network perspective because it would imply that the network needs to send DCI_2_9 many times before an activation or de-activation can be performed. This could make the whole dynamic signaling cumbersome and significantly reduce the value of Cell DTX/DRX. To make the discussion simpler and streamlined, Cell DTX/DRX activation and de-activation should be discussed separately.
The more critical operation for Cell DTX/DRX is the de-activation. While timely activation is also desirable, fest de-activation of Cell DTX/DRX is essential to avoid any impact on user performance. At the same time, when Cell DTX/DRX is already activated there is already at least a partial alignment of UE C-DRX on-duration and Cell DTX on-duration. Thus, for short Cell DTX cycles (e.g. 20 ms) the default time for monitoring DCI_2_9 should be on this intersection of on-durations. However, if the Cell DTX cycle is large (e.g. >= 160 ms), it would be unacceptable from the network and performance point of view to wait for such a long time to de-activate Cell DTX/DRX. As a compromise the DCI_2_9 monitoring during the Cell DTX off-duration should be much sparser than during on-duration and it should only be applicable to large cycle settings (e.g. >= 160 ms). This is particularly critical for very large settings of cycle (2048 ms, 2560 ms, 5120 ms and 10240 ms) which anyway only have a maximum on-duration of 1600 ms. In our understanding it will be challenging to achieve consensus on solutions which will work well for these extreme settings, and they will not be needed for practical Cell DTX/DRX anyway. 
Observation 1: Monitoring DCI_2_9 during off-period (with Cell DTX activated) is only needed if the Cell DTX cycle is very large.  
Proposal 1: When Cell DTX is activated, DCI_2_9 monitoring during on-duration is done periodically on the intersection of C-DRX on-duration and Cell DTX on-duration.
Proposal 2: When Cell DTX is activated, DCI_2_9 monitoring during off-duration is only performed if the Cell DTX cycle is larger than a certain value (e.g. >=160 ms) and with sparser periodicity than during on-duration. 
Proposal 3: For the sake of reaching DCI_2_9 monitoring compromises more easily, the settings ms2048, ms2560, ms5120 and ms10240 should be removed from cellDTXDRX-CycleStartOffset-r18 and accordingly ms1600 should be removed from cellDTXDRX-onDurationTimer-r18. 
On the one hand, the case of Cell DTX/DRX activation via DCI_2_9 (when Cell DTX/DRX is not activated) is even trickier because C-DRX on-duration of different UEs will typically be largely spread out to provide some (time) load balancing of PDCCH. On the other hand, Cell DTX/DRX activation timeliness is less critical than de-activation. What the network needs here most is predictability of when the activation takes place and not needing to signal the activation multiple times. A compromise here could be that DCI_2_9 monitoring occasions are periodic, but the UE does not need to monitor all occasions. Instead, the UE can choose to monitor one out of N occasions (e.g. N=2 or 4). This would effectively limit the number of network repetitions of DCI_2_9 to N (2 or 4), leading to predictability. On the UE side, the UE implementation could then optimize the wake-up time for DCI_2_9 monitoring. Eventually, UEs on bad radio conditions should monitor all occasions.
Proposal 4: DCI_2_9 monitoring should be done periodically, when Cell DTX/DRX is not activated. The UE needs to monitor at least once every N occasion (e.g. N=2 or N=4). 
Conclusions
In this contribution, we discussed some aspects of DCI_2_9 monitoring. The following observations and proposals have been made:

Observation 1: Monitoring DCI_2_9 during off-period (with Cell DTX activated) is only needed if the Cell DTX cycle is very large.  
Proposal 1: When Cell DTX is activated, DCI_2_9 monitoring during on-duration is done periodically on the intersection of C-DRX on-duration and Cell DTX on-duration.
Proposal 2: When Cell DTX is activated, DCI_2_9 monitoring during off-duration is only performed if the Cell DTX cycle is larger than a certain value (e.g. >=160 ms) and with sparser periodicity than during on-duration. 
Proposal 3: For the sake of reaching DCI_2_9 monitoring compromises more easily, the settings ms2048, ms2560, ms5120 and ms10240 should be removed from cellDTXDRX-CycleStartOffset-r18 and accordingly ms1600 should be removed from cellDTXDRX-onDurationTimer-r18.
Proposal 4: DCI_2_9 monitoring should be done periodically, when Cell DTX/DRX is not activated. The UE needs to monitor at least once every N occasion (e.g. N=2 or N=4). 
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