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1 Introduction
In the previous SI objective in the approved study items (SI) on Rel-16 enhancements for UE power saving in NR, the description is as follows [1]:
1) Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]

a) Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
(Note: existing UE capabilities are assumed for UE processing timeline)
i) Network and/or UE assistance information

ii) Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme
And the most recently the following was agreed about WUS (wake up signaling) in RAN2#105bis [2]:
Agreements

=>
RAN2 will study the RAN2 impact of wake up signaling to C-DRX.  

=>
Wakeup signaling is linked to C-DRX and is only configured when C-DRX is configured.  If the WUS is not configured legacy operations apply. 

=>
If configured with WUS, UE should monitor for WUS occasions at a known offset before on duration C-DRX.  The offset is up to RAN1 discussion
In this contribution, the RAN2 impact of the above agreements and possible solutions will be discussed.
2 Discussion
The power saving signal is not new to NR. Actually, it was first defined in LTE eMTC and NB-IoT and it had been used as the indication whether UE should wake up at the upcoming DRX ON period for narrow band UE paging occasions. The network can configure the WUS to be applied to one PO or multiple POs. In our understanding, the same configurablibility can be reused in NR. From RAN2 perspective, it is feasible to apply one wake-up signal to one DRX Onduration (one-to-one mapping) and multiple DRX Ondurations (one-to-N mapping) which was reflected in our previous contribution [3].
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Figure 1 illustration of how power saving signal (WUS) applies to C-DRX 
It may be beneficial for UE power consumption if the UE could omit multiple DRX Ondurations if WUS is not detected. It also leads to lower system overhead due to less WUS signalling overall. But in such case, if UE has missed one WUS, then the UE shall skip multiple DRX Ondurations which brings the severe consequence of WUS detection failure. So we think WUS-per-Onduration should be considered as the baseline.
Proposal 1 RAN2 is suggested to consider WUS-per-Onduration as the baseline in NR for power saving while the WUS applying to multiple Ondurations can be discussed further.
If the WUS applying to multiple Ondurations can be accepted, we think the ‘one-to-one mapping’ or ‘one-to-N mapping’ is corresponding to different WUS skipping granularity, and that can be configurable by RRC signaling or the MAC CE. Figure 3 is an example of changing the 1-to-1 mapping to 1-to-N mapping by MAC CE when the DRX short cycle is not configured. As show in the following figure, when the scheduling becomes sparse and gNB happened to known there is no data to send for the UE in the near future, gNB sends UE the MAC CE and indicates UE to extend WUS Cycle. If the UE doesn’t detect a WUS, it will enter sleep until the next WUS occasion which is several DRX Long cycles away.
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Figure 2 illustration of changing the WUS pattern by MAC CE

Proposal 2 How many Ondurations the power saving signal applies to can be configurable by RRC or MAC CE. And the signalling can be discussed further.
Regarding to how the WUS related to the UE, here are several possibilities: UE-specific, group-specific which were captured in the TR. From RAN2’s perspective, the feasibility is not the problem. However, since the current DRX configuration is UE-specific, UE-specific WUS configuration should be the baseline while triggering waking up of UEs in a group or a subset of it is still under the discussion in RAN1. After all, any information on grouping conveyed by the WUS will increases the WUS reception time and it will lower the power consumption gain. It should be left to be decided in RAN1.
Proposal 3 From RAN2 perspective, UE-specific WUS should be the baseline while the WUS applying to a group of UEs need further study in RAN1.
Regarding to the process of how the WUS works with DRX, the UE shall first indicate the supporting capability for wake-up signal by dedicated signalling with gNB. If gNB supports and if WUS is enabled for the UE, the gNB can make a right decision on whether to transmit wake-up signal. Of course, gNB can disable WUS for the UE if needed.
A possible WUS process goes as the follows:








               
[image: image3]
1) The UE indicates its WUS capability to gNB;
2) If gNB supports WUS and makes the right decision to enable WUS for the UE, the gNB can indicate the
the UE-specific WUS configuration to the UE along with UE’s DRX configuration or after UE’s DRX configuration. The UE-specific configuration could contain a non-zero gap before the onduration while other possible parameter list is up to RAN1 to deside;
3) When DL data for the UE arrives at gNB, gNB decides to use WUS prior to the onduration.

4) UE applies UE-specific WUS-configuration for monitoring, i.e. if it detects the WUS, the UE will 

monitoring PDCCH for the following Onduration. 
5) gNB decides to disable WUS. An example is huge amount of data arrival.
6) gNB can disable WUS or even decides to disable DRX. When WUS is disabled, the UE monitors PDCCH according to legacy DRX. 
Whether the use of the wake-up signal needs to be semi-statically or dynamically enabled/disabled by the network needs further discussion in RAN2 WI. And based on this, the signalling can be discussed further. Of cause, when the DRX is disabled to the UE, the WUS is disabled automatically.
Note that there would be no impact on legacy UEs since the power saving signal would not be transmitted by gNB for legacy UE.
Proposal 4 The UE should report its capability of supporting power saving signal to the gNB.
Proposal 5 gNB can indicate the UE-specific WUS configuration to the UE along with UE’s DRX configuration or after UE’s DRX configuration;
Proposal 6 Whether the use of the wake-up signal needs to be semi-statically or dynamically enabled/disabled by the network needs further discussion in RAN2 WI. And the signalling can be discussed further.
Proposal 7 When the DRX is disabled to the UE, the WUS is disabled automatically.
3 Conclusions

Based on the discussion, our proposals are provided as follows: 
Proposal 8 RAN2 is suggested to consider WUS-per-Onduration as the baseline in NR for power saving while the WUS applying to multiple Ondurations can be discussed further.
Proposal 9 How many Ondurations the power saving signal applies to can be configurable by RRC or MAC CE. And the signalling can be discussed further.
Proposal 10 From RAN2 perspective, UE-specific WUS should be the baseline while the WUS applying to a group of UEs need further study in RAN1.
Proposal 11 The UE should report its capability of supporting power saving signal to the gNB.
Proposal 12 gNB can indicate the UE-specific WUS configuration to the UE along with UE’s DRX configuration or after UE’s DRX configuration;
Proposal 13 Whether the use of the wake-up signal needs to be semi-statically or dynamically enabled/disabled by the network needs further discussion in RAN2 WI. And the signalling can be discussed further.
Proposal 14 When the DRX is disabled to the UE, the WUS is disabled automatically.
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