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1	Introduction
In Rel-16 NR, a study item (SI) on UE power saving was started [1]. The initial schemes considered and evaluated by RAN1 have been captured by RAN1 in [2]. This TR also includes the power consumption model accounting different aspects/process in UE. For RAN1 part the WID was agreed in [3]. 
One key mechanism considered in of the ongoing study item has been the power saving signal/channel to reduce the unnecessary PDCCH monitoring. As indicated by WID [3], the power saving signal/channel should be based on PDCCH coding etc. RAN1 evaluations have been focused to RRC CONNECTED state as it was seen that most prominent power saving gains could be obtained in there. In RAN2#105bis it was agreed to further study the PDCCH skipping with or without C-DRX configuration. In this paper we provide further evaluations of the PDCCH skipping. Also, as per RAN Plenary guidance provided in [3], the introduced mechanisms should not duplicate the existing functionality, like Rel-15 C-DRX functionality, we focus the evaluation to comparison between PDCCH skipping and C-DRX configuration.

2	PDCCH skipping
One of the mechanisms considered for power saving in RAN1 was using channel/signal (i.e. PDCCH-based) to indicate the UE to skip PDCCH monitoring for a period of few slots. The intent of the proposed solution was that when network scheduler observes that it shall not schedule the UE in question for a particular reason, it would indicate the UE via DCI to stop monitoring the PDCCH. This would enable UE to go to sleep state to save power, at least when assuming that there are no other signals to be monitored (TRS, CSI etc.). 
In this section we look at the power saving benefit, using the RAN1 agreed power model [2] and ideal PDCCH skipping i.e. network will trigger skipping (via DCI) immediately when DL buffer is empty and there are no scheduling restrictions towards the UE. Also we assume that UE is not doing any measurements in the serving cell (e.g. periodic CSI-RS or TRS) nor doing any RRM measurements (serving or neighbour). We compare the power saving performance to the Rel-15 C-DRX configuration in terms of attainable power saving. Also, in addition we account the cross-slot scheduling enabling UE to do micro-sleep, that is currently being specified by RAN1 to Rel-16 as per WID [3]. I.e. DCI will always schedule with k0=1, and unless UE has been scheduled to receive PDSCH in current slot earlier, UE can go to (micro) sleep immediately after decoding PDCCH. The cross-slot scheduling could be configured/adapted via RRC signalling or dynamically with DCI based mechanism, being discussed in RAN1.
Different configurations  (Casex) evaluated are  presented in Table 1. The obtained results are shown in Figure 1. Note that 30kHz sub-carrier spacing is assumed, thus one slot lasts 0.5ms, and FTP3 traffic model, with 10% error probability per packet. Two different C-DRX configurations are used, with different onDurations {#1:4ms, #2:2ms} as give in Table 1. Both these accommodate short DRX cycle to enable using shorter inactivity timer without degrading the latency performance as short DRX is applied for 100ms in the given configurations (i.e. similar to the inactivity timer of the RAN1 baseline DRX configuration). It is important to note that more aggressive onDuration and inactivity timer configurations could have been considered (e.g. sub-millisecond for onDuration and 0ms for inactivity), but it was decided that few slots should be preserved for scheduling flexibility for the onDuration.
The Figure 1 compares the attainable power saving gain from using different configurations. As can be seen configuring only PDCCH skipping (Case1) gives worst power saving performance with the given traffic model. This is as the UE cannot fall to deeper sleep states during the skipping periods.  Cases 2 and 3 compare the power saving performance with first DRX configuration (DRX#1) when cross-slot scheduling (xslot, k0=1) is configured (Case2) or when PDCCH skipping is applied (Case 3). In the evaluated case, PDCCH skipping gives 9.7% power saving gain in C-DRX compared to cross-slot scheduling.  Like noted above, this is in practise upper bound, and in practise network might not immediately trigger PDCCH skipping (preventing the skipping). Corresponding evaluation in case of DRX#2 configuration, the  PDCCH skipping would give 13.4% power saving gain over the cross-slot scheduling, but there would not be any possibility to schedule the UE in the corresponding onDuration (while for cross-slot, UE monitors whole onDuration). If PDCCH power saving channel based wake-up triggering would be accounted, these onDurations would not be present as UE would not be triggered to monitor the onDuration at all. 

Observation: Rel-15 C-DRX can achieve similar power saving performance as PDCCH skipping. 
Table 1: Evaluated configurations
	Case
	Skipping (slots)
	drx-LongCycle (ms)
	drx-ShortCycle (ms)
	drx-ShortCycleTimer (cycles)
	drx-onDurationTimer
(ms)
	Inactivity timer (ms)
	Cross-slot scheduling

	Case1 – Skipping
	5
	none
	none
	NA
	NA
	NA
	none

	Case2 – DRX#1-xslot
	-
	160
	20
	5
	4
	5
	k0=1

	Case3 – DRX#1-skip
	5
	160
	20
	5
	4
	5
	none

	Case4 -DRX#2-xslot
	-
	160
	20
	5
	2
	5
	k0=1

	Case5 -DRX#2-skip
	5
	160
	20
	5
	2
	5
	none
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Figure 1: Power saving performance


Now as discussed above, with PDCCH skipping mechanism, network is required to ‘trigger’ via PDCCH the UE to go to a short sleeping period, e.g. every 5 slots. This then requires network to reserve resources to enable the UE power saving and if there is large amount of active users, it may not be possible for the network to trigger the skipping, preventing power saving for the UE. Thus, in practical network the power saving gains cannot be necessarily attained e.g. due to PDCCH capacity congestion. Like presented, accounting C-DRX (as per Rel-15) configuration and further considering the cross-slot scheduling enabled micro-sleep to be specified in Rel-16, the practical power saving benefit is diminished. Furthermore, assuming that wake-up triggering for onDurations will be spesified in Rel-16, there would not be expected to be any power saving at all as the onDurations when no data is scheduled, would be omitted.
Observation: Rel-15 C-DRX based mechanism to skip PDCCH monitoring allows the power saving gain obtained more consistently and without consuming PDCCH capacity.
Observation: Rel-15 C-DRX configuration together with already agreed power saving enhancements to Rel-16 already consumes power saving benefits that could be attained with PDCCH skipping.
Proposal 1: As Rel-15 C-DRX based mechanism can achieve similar functionality and power saving gain with lower system overhead, together with cross-slot related enhancements being specified in Rel-16 it is proposed to down-prioritise PDCCH skipping for UE power saving work.

3	GoToSleep based on power saving signal/channel
[bookmark: _GoBack]One additional mechanism to enhance the UE power saving in RAN1 was introducing power saving channel/signal (i.e. PDCCH-based) based go-to-sleep command in conjunction with C-DRX operation. The basic principle of the mechanism, was to GTS to release UE to the DRX, i.e. skipping rest of the inactivity timer or onDuration. In C-DRX, MAC-CE based GTS was introduced in Rel-8 (and directly to long DRX without stopping at short DRX in Rel-12). Correspondingly MAC-CE based mechanisms are also supported for Rel-15 NR. Thus DCI based GTS is duplicating the existing Rel-15 C-DRX functionality. 
While the power saving benefits of DCI based GTS were studied in RAN1, it is good to observe that the evaluations of GTS was done in isolation from other considered features like WUS. I.e. with the considered traffic model (FTP3), GTS signal would be mostly used to release the UE to skip rest of the onDuration. Hence, if WUS is introduced to enable UE skip the PDCCH monitoring on unnecessary onDurations, the GTS is not needed for this used case. Also if network configures properly the Rel-15 C-DRX, using short-DRX cycle to enable reducing the inactivity timer, there is less use for GTS in general as power saving obtained is reduced.  
The difference compared to Rel-15 C-DRX from power consumption perspective is the latency how quickly the provided command can be applied in UE. While DCI based the UE can be considered to be able to fall to DRX faster, compared to MAC-CE based, where UE is required to process the MAC-CE. From system perspective, DCI based approach removes the need to transmit PDSCH to the UE. As discussed, assuming that network can use proper configuration for C-DRX (i.e. UEs obtain power saving with short DRX cycle in practise like considered in power model in TR), the need to transmit GTS indication may not be too frequent. Also if wake-up triggering is introduced, the PDCCH monitoring on unnecessary onDurations can be already skipped with it. Thus, it would appear that GTS signal should be relatively infrequently used in practise, thus the overall benefit over existing functionality is limited.
[bookmark: _Hlk4591703]Observation: GTS triggering based on power saving signal/channel is duplicating the behaviour of existing MAC-CE and the additional benefit on top of it is limited in practical deployments.
Proposal 2: As existing Rel-15 C-DRX provides similar behaviour than “GTS triggering based on power saving signal/channel”, it is proposed to down-prioritise GTS for UE power saving
4	PDCCH monitoring adaptation
Part of the different schemes considered in RAN1, a power saving signal/channel based approaches and other, similar, approaches were considered for adapting PDCCH monitoring. The UE PDCCH monitoring is configured via CORESET and associated search space set configurations in Rel-15. The intent of the proposed mechanisms was to provide UE power saving by allowing the monitoring periodicity to be adjusted, by for example changing the search space configuration or disabling/activating search spaces or CORESETs based on indication or timer. Similar functionality can in practise be achieved in Rel-15 in two ways. In simplest (while heaviest) procedure is to provide new configuration of the search space or the CORESET. Alternative approach in Rel-15 is to use different BWP configurations with e.g. with different search space configurations. The BWP switch could be done based on DCI or using timer based approach (bwp-InactivityTimer). Additionally, as discussed in Section 2, C-DRX configuration can be achieved to support similar power saving procedure as PDCCH monitoring adaptation. Note that in RAN1 evaluation did not compare the proposed functionality to existing procedures. Hence there appears not be any significant benefits on the different PDCCH monitoring adaptation schemes, when compared to existing Rel-15 functionalities, and therefore it is proposed that PDCCH monitoring adaptation mechanism are down prioritised. 
Proposal 3: As similar behaviour as with proposed PDCCH monitoring adaptation schemes can be achieved with Rel-15 functionality, without any obvious drawbacks, it is proposed to down prioritize PDCCH monitoring adaptation schemes. 

5	Conclusion
In this paper we have discussed on additional power saving channel based adaptation schemes considered in RAN1. We have compared the existing functionalities to the proposed mechanisms and made following observations and proposals:-  
Observation: Rel-15 C-DRX based mechanism to skip PDCCH allows the power saving gain obtained more consistently and without consuming PDCCH capacity.
Observation: Rel-15 C-DRX configuration together with already agreed power saving enhancements to Rel-16 already consumes power saving benefits that could be attained with PDCCH skipping
Proposal 1: As Rel-15 C-DRX based mechanism can achieve similar functionality and power saving gain with lower system overhead, together with cross-slot related enhancements being specified in Rel-16 it is proposed to down-prioritise PDCCH skipping for UE power saving work.
Observation: GTS triggering based on power saving signal/channel is duplicating the behaviour of existing MAC-CE and the additional benefit on top of it is limited in practical deployments.
Proposal 2: As existing Rel-15 C-DRX provides similar behaviour than “GTS triggering based on power saving signal/channel”, it is proposed to down-prioritise GTS for UE power saving
Proposal 3: As similar behaviour as with proposed PDCCH monitoring adaptation schemes can be achieved with Rel-15 functionality, without any obvious drawbacks, it is proposed to down prioritize PDCCH monitoring adaptation schemes. 
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