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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#80 meeting, a study item was approved to study NR UE power saving framework, taking into consideration latency and performance as well as the network impact [1].  The objective of the UE power saving study includes the following aspects:
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
b) Study the power saving signal/channel/procedure for triggering adaptation of UE  power consumption characteristics
2) Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]
3)  Study the enhancement of higher layer procedures for UE power saving   [RAN2]
a) Study the enhancement of  UE paging procedure based on the additional power saving signal/channel/procedure
b) Study the enhancement of  UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode
One of the objectives of this SI is the enhancement of the paging procedure. In this paper we discuss our views on this aspect.
[bookmark: _Ref129681832]Paging procedure in NR
An LTE UE uses Discontinuous Reception (DRX) in RRC_IDLE state for paging reception in order to reduce power consumption. The paging occasion (PO) position and paging frame of the UE in time domain are calculated from the UE ID, Paging cycle PF number in a Paging cycle and PO number in a PF. In NR, the same mechanism is applied to RRC_IDLE and RRC_INACTIVE state UEs. 
In multi-beam operations, a PO is a set of PDCCH monitoring occasions. The length of one PO is one period of beam sweeping, and each PDCCH monitoring occasion for paging in the PO is corresponding to a transmitted SSB. The UE can assume that the same paging message is repeated in all beams of the sweeping pattern and thus the selection of the beam(s) for the reception of the paging message is up to UE implementation. The PDCCH monitoring occasions for paging are determined according to paging-SearchSpace if configured and otherwise according to the default association.  
· For the default association, the PDCCH monitoring occasions for paging are the same as for RMSI. An example based on the multiplexing pattern 1 of SSB and CORESET of RMSI is illustrated in Fig.1. 
· For the non-default association, there are 'S' consecutive PDCCH monitoring occasions in one PO, where 'S' is the number of actual transmitted SSBs. The Kth PDCCH monitoring occasion for paging in the PO corresponds to the Kth transmitted SSB. An example is shown in Fig.2.


Figure 1 Illustrations for default association paging monitoring occasions


Figure 2 Illustrations for Non-default association paging monitoring occasions
Paging procedure enhancement  
Necessity of using additional power saving signal/channel for paging procedure 
In LTE Rel-15 NB-IoT and eMTC, the WUS (Wake Up Signal) was introduced in IDLE mode for power saving reception for paging. The power saving gain is proven to be significant in NB-IoT due to the fact that the power saving signal can indicate UE to skip the processing of PDCCH and PDSCH with up to thousands of repetitions. 
For the C-DRX in NR, as analyzed in [2], a power saving signal/channel is proposed to indicate the UE to wake up or go to sleep for one or multiple C-DRX. According to the analysis based on LTE deployment field data, power saving gain is expected if the power saving signal is introduced for C-DRX case in RRC_CONNECTED. 
For the I-DRX in NR for IDLE mode UE, it is not clear that there can be any advantage in introducing a power saving signal/channel for paging procedure enhancement. Firstly, when the UE is in RRC_IDLE state, the main power consumption on UE modem is due to the paging monitoring and RRM measurements. Cell measurements are performed in cycles and usually performed together with paging monitoring to reduce UE wake-up times. Figure 3 illustrates a UE processing procedure on one paging occasion to monitor the paging message and do RRM measurements. It shows that the duration of serving cell measurements is much longer than that used for paging monitoring. Therefore, the power consumption due to RRM measurements contributes the major part in the total UE power consumption for IDLE mode UE. Therefore, the power saving gain is expected to be not attractive when a power saving signal/channel is merely introduced to indicate the skipping of PDCCH monitoring for paging before a PO, considering the UE anyway needs to wake up to do the RRM measurements in a relatively long duration.  
This scenario is quite different from the case in NB-IoT. In NB-IoT, there is a large number of repetitions, up to 2048, used for NPDCCH transmission to reach deep coverage. The power consumption due to the reception of NPDCCH consumes large proportion of power consumption for IDLE mode UE. Therefore, a power saving signal to indicate skipping the paging message in NB-IoT can introduce significant power saving gain. For eMBB application in NR instead, the PDCCH and PDSCH transmission for paging do not use a large number of repetitions, and the power consumption reduction due to skipping the processing of PDCCH for paging is marginal, considering RRM measurement shall consume more power on IDLE mode UE for eMBB case.
Thus, according to the above analysis, we don't think it is worth introducing the additional power saving signal/channel for paging procedure.
Proposal 1: The power saving signal/channel to indicate to skip PDCCH monitoring for paging before a PO is not supported for NR UE in IDLE state.
[bookmark: _Ref520387822][image: ]
Figure 3 Illustration for paging monitoring and serving cell measurements 
UE grouping to reduce unnecessary PDSCH reception 
To receive the paging message for the incoming call, in the PO the UE needs to 1) receive and demodulate the PDCCH, 2) blindly decode the PDCCH, 3) receive and demodulate the PDSCH, 4) decode the PDSCH, 5) process the Paging message. Since a number of UEs will share the same PDCCH monitoring occasion in a PO, the UE may often receive the PDCCH for paging. If detecting the PDCCH for paging, the UE will continue the step 3)~5). However, in most of cases, after decoding the paging message, the UE will find it is actually not paged, i.e. its ID is not included in the paging message. This is the well-known false alarm issue in paging reception. In this case, the power consumption on performing step 3)~5) is unnecessary. So, if this false alarm rate can be reduced as much as possible, it is beneficial for UE power saving.  
To solve this issue, the UEs can be grouped. For each paging procedure, only the UEs in the group(s) being paged need to monitor paging message. For example, the UE wakes up in its PO and decodes paging DCI to check whether the group it belongs to is being paged or not. If not, the UE can sleep directly and skip corresponding PDSCH reception, otherwise, the UE needs to decode the message on PDSCH. In this way, power consumption for PDSCH reception can be saved based on UE grouping. Potentially, there are several ways to indicate the UE grouping information, e.g. by different P-RNTIs for different groups, by different CORESETs/search spaces of paging DCIs for different groups, or by indicators in paging DCI indicating group information explicitly, etc. 
The enhancement of the paging procedure is an objective for RAN2 to study [1], potential enhancements to reduce the false alarm have RAN1 impact. So we suggest RAN1 to evaluate this aspect and inform RAN2 of the outcome.
Proposal 2: Study the power saving gain by reducing the false alarm in paging reception.
Conclusions
In this paper, we discussed possible paging enhancement for power saving and have the following proposals:
Proposal 1: The power saving signal/channel which is used to indicate the skipping of PDCCH monitoring for paging before a PO is not supported for NR UE in IDLE state.
Proposal 2: Study the power saving gain by reducing the false alarm in paging reception.
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