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1 Introduction
In the previous SI objectives of the approved Rel-17 New SID on support of UE power saving, the main motivation is to introduce additional enhancements to address outstanding issues in Rel-16 considering both eMBB UEs and Reduced Capability NR Devices. In this contribution, we give some general principles on  UE power saving for RRC-IDLE/RRC-INACTIVE State in the scope of the study item as captured as follows [1]:
	1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]

a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]

· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #102-e meeting


2 Discussion
2.1 Background 
In R16 UE power saving WI, power saving for RRC-IDLE/RRC-INACTIVE state and false alarm paging were down-prioritized and the discussion was mainly focused on RRC-CONNECTED state. The WUS (i.e. power saving signal) was only introduced to the RRC-CONNECTED mode to skip the following DRX Ondurations when C-DRX is configured. In the opposite, in R14 narrow band, wake-up signalling (WUS) is introduced in LTE in order to reduce some unnecessary paging monitor in idle mode.
For the discussion of other aspects, e.g., I-DRX, it was also not fully discussed during SI phase. RAN2 considered extending the DRX cycle length to 10.24s in idle and inactive mode rather than introducing a new LTE e-DRX like of feature (i.e., H-SFN, PTW, and PH) and the SI notification impacts due to longer DRX values were not considered.
2.2 Discussion on WUS applying to idle/inactive-mode UE power saving

The main reason why wake-up signalling (WUS) was not introduced in R16 idle/inactive-mode UE power saving was in the narrow band the target UE types were totally different. Firstly, the gain of WUS came from the large number of repetitions required for PDCCH vs the ones required for WUS. For narrow band users, WUS was introduced to reduce the need to monitor multiple repetitions of the paging to preserve UE power while for NR eMBB Users repetitions were not introduced. Also, the narrow band user would spent most of time in idle mode while for the NR eMBB users would spend most power in the RRC_CONNECTED mode with limited gain for paging. Besides, at the early stage of R16 UE power saving, RRM relaxation was not agreed and people assumed that the UE anyway needed to wake up to perform the RRM measurements and this contributed more power consumption than paging monitoring. Therefore, it was reasonable to not consider WUS related PO for idle/inactive-mode UE in R16 UE power saving WI.

However, in R17, the situation changes a lot. The principles of R17 UE power consumption SI not only serve the NR eMBB users but also other types of users. An example is the Redcap SI which targeting on UE spending a lot of time in idle with reduced UE capability, e.g. seniors, and requires the coverage loss by repetition, it is expected that power saving potential of WUS for Redcap users is rather considerable. 
Hopefully, with the combination with RRM relaxation, it is expected that the additional power saving signal/channel for paging will bring more gain for idle/inactive-mode UE and it will be very meaningful.
Proposal 1: Using power saving signal/channel(WUS) to indicate skipping of PDCCH monitoring for paging before a PO should be considered for idle/inactive-mode UE in R17 UE power saving SI.
If P1 was agreed, at least the general paging procedure with WUS in NB-IoT/eMTC can be re-used in paging. Based on the above consideration, it seems that UEs in enhanced coverage can benefit the most. In this way, the UE dedicated configuration on enabled/disabled WUS detection is considered more reasonable than the cell specific configuration on WUS. Also, if it is agreed, can some UE power saving configurations, e.g., DCP offset in RRC_CONNECTED mode still be able to apply to RRC_IDLE and RRC_INACTIVE modes? All these detailed procedure can be discussed further upon we agreed on it.
2.3 Discussion on GTS applying to idle/inactive-mode UE power saving

In RRC_IDLE, the UE monitors the paging channels for CN-initiated paging. In RRC_INACTIVE, the UE also monitors paging channels for RAN-initiated paging as well as CN-initiated paging. A UE need not to monitor paging channels continuously though. As discussed previously, the WUS can be considered before a PO to indicate skipping of PDCCH monitoring for paging. Besides, a power saving signal/channel works as the similar way as the GTS (PDCCH-Skipping) can also be considered as a pre-indication for skipping for one or multiple I-DRX cycles. However, it is not clear whether there is a significant gain for introducing such a power saving signal/channel for paging enhancement. The performance can be further studied.
Proposal 2: Using power saving signal/channel(GTS) to indicate skipping of PDCCH monitoring for paging before a PO can also be considered for idle/inactive-mode UE in R17 UE power saving SI.

2.4 Discussion on reducing paging false alarm

Legacy paging PO/PF calculations are distributed over the UEs based on the UE_ID, e.g., IMSI provided by the MME over S1AP paging message and it is possible that the UEs monitoring a PO wakes up for paging message and finds that it is not meant for itself (i.e. paging false alarm). This unnecessary PDSCH decoding for potential paging could be avoided by introducing sub-grouping of UEs monitoring a PO. An easy way can be considered to reduce the false alarm is to put the group indication in Paging DCI. Another possible way is to reuse the Sub-grouping of UEs by WUS as already been taken in NB-IoT/eMTC, i.e. different WUS sequences can be used to indicate different groups of UEs. Those approaches could be further investigated in R17.
When it comes to Redcap users paging, it is suggested the paging assistance of history cell/enb saved in core network can be used for stationary users’ paging as already been taken in NB-IoT/eMTC. In this way, the overhead due to repeated paging records can be significantly reduced if the network knows the cell the UE is camping on and transmit the paging record only in the cell. Such method can also reduce paging false alarm.
Proposal 3: Reducing paging false alarm can be considered for idle/inactive-mode UE in R17 UE power saving SI.
- Sub-grouping of UEs by Paging DCI;
- Sub-grouping of UEs by WUS (if introduced);
- paging assistance, e.g., history cells, gNBs
2.5 Discussion on e-DRX applying to idle/inactive-mode UE power saving

In R16 UE power saving, RAN2 considered extending the DRX cycle length to 10.24s in idle and inactive mode. The reason why RAN2 did not extend DRX cycle length more than 10.24s was the concerns had been expressed about the impact on mobility and latency for eMBB users as well as the time limits. Also, RAN2 decided to define PS specific rule for DRX cycle determination in RRC_IDLE and RRC_INACTIVE in the presence of different DRX cycle configuration. But how to define PS specific rule for DRX cycle was not fully discussed. 

Back to the history of LTE e-DRX, RAN2#82 discussed analytical results on e-DRX in [2] and concluded that the DRX cycle less than 10.24s cannot achieve the considerable gain of power saving. So RAN2 considered supporting extended paging DRX cycle beyond 10.24s. With the same reason, it is not so preferred to only introduce e-DRX less than 10.24s for UEs in RRC_IDLE in NR. It is widely expected that the R17 UE power saving will serve both eMBB UEs and Reduced Capability NR Devices which are of low cost with limited battery capabilities and with infrequent data activity, such as sensors and metering devices. For such devices, maximizing the battery lifetime is crucial and extending the existing long DRX cycle beyond 10.24 seconds seems reasonable.
From technical point of view, it is assumed that the e-DRX can be applied to NR for RRC IDLE because it would not be fundamentally different from LTE e-DRX while for e-DRX in RRC INACTIVE, it still needs further discussion since the RAN paging is involved and new scheme for DRX negotiation has to be defined between UE and network side.
If it is introduced, the unresolved issues (i.e., PS specific rule for DRX cycle, SI notification impacts due to longer DRX values) can follow the e-DRX. 
Proposal 4: Extended-DRX applying to idle/inactive-mode can be considered in R17 UE power saving SI.
3 Conclusions

Based on the discussion, our proposals are provided as follows: 

Proposal 1: Using power saving signal/channel(WUS) to indicate skipping of PDCCH monitoring for paging before a PO should be considered for idle/inactive-mode UE in R17 UE power saving SI.

Proposal 2: Using power saving signal/channel(GTS) to indicate skipping of PDCCH monitoring for paging before a PO can also be considered for idle/inactive-mode UE in R17 UE power saving SI.
Proposal 3: Reducing paging false alarm can be consider for idle/inactive-mode UE in R17 UE power saving SI.

               - Sub-grouping of UEs by Paging DCI;

               - Sub-grouping of UEs by WUS (if introduced);
               - paging assistance, e.g., history cells, gNBs
Proposal 4: Extended-DRX applying to idle/inactive-mode can be considered in R17 UE power saving SI.
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