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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK13]The enhancement of paging for UE power saving purpose is under discussion in RAN2, and the following agreement has been made in RAN2 #105[1].
	The WUS related paging will be down-prioritized in RAN2 for now.  RAN2 can discuss if further evaluations are required after RAN1 progresses on their discussions


In this contribution, we discuss whether there is a need for additional power saving signal/channel for paging procedure, and some enhancements for paging.
[bookmark: _Ref129681832]Paging procedure in NR
In NR, Discontinuous Reception (DRX) is applied to RRC_IDLE and RRC_INACTIVE state UEs. In the DRX cycle, UE only needs to detect its PO. Different from LTE, in NR for multi-beam operations, a PO is a set of PDCCH monitoring occasions, which are used for beam sweeping. The UE assumes 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.
[image: ]
Fig.1 Default association paging monitoring occasions
[image: ]
Fig.2 Non-default association paging monitoring occasions
Paging procedure enhancement  
Power saving signal/channel for paging 
During the SI phase, the WUS related paging has been discussed, and down-prioritized in RAN2. For the I-DRX in NR for IDLE mode UE, it is not clear that there is a significant gain for the introduction of a power saving signal/channel for paging procedure enhancement. Cell measurements are performed in cycles and usually performed together with the monitoring of paging to reduce UE wake-up times. Fig.3 illustrates a UE processing procedure on one paging occasion to monitor the paging message and do RRM measurements: 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 that the UE anyway needs to wake up to do the RRM measurements in a relatively long duration.  
[bookmark: _Ref520387822][image: ]
Fig.3 Illustration for paging monitoring and serving cell measurements 
Thus, according to the above analysis, it is not attractive to introduce the additional power saving signal/channel for paging procedure.
Proposal 1: Using  power saving signal/channel to indicate skipping of  PDCCH monitoring for paging before a PO is not supported for NR UE in IDLE state.
UE grouping 
To receive the paging message for the incoming call, in the PO the UE needs to first receive and blindly decode the PDCCH. If the UE can detect the PDCCH scrambled by its P-RNTI, it will then receive and decode the PDSCH to get the paging message to check whether it was indeed paged. Since many UE shall share the same P-RNTI, the false alarm is a significant issue for paging. 
According to the statistical data in [2], it can be observed the average of false alarm probability for the observed UE is 97.65%. Considering the power saving model [3], where power consumption is 100 units for PDCCH-only and 300 units for PDCCH + PDSCH, the power consumption due to the false alarm of paging PDCCH is substantial. 
To solve this issue, the UEs can be divided into multiple groups, e.g. based on the UE ID. When the UE wakes up in its PO for paging detection, the UE can check whether the group it belongs to is being paged or not. If not paged, the UE can sleep directly and skip the corresponding PDSCH reception, otherwise, the UE needs to decode the message on PDSCH. As for how to indicate the UE grouping information, there could be several ways, for example, by using different P-RNTIs for different groups, by including an indicator in Paging DCI to indicate the group information explicitly, etc.  
Proposal 2: UE grouping is beneficial for reducing the false alarm rate of PDSCH reception, which can save UE power in IDLE mode.
SIB change indication
[bookmark: _GoBack]The Paging DCI can also be used to indicate the system information change in addition to schedule the paging message. Specifically, a field called Short Message is used to indicate the system information change, where only two bits of this field are used. After receiving the indication of system information change from paging DCI, the UE shall decode the SIB1 PDCCH and PDSCH to check which SIB has changed. If the Paging DCI can indicate which specific SIB has changed, the UE can avoid the power consumption on the decoding of SIB1 PDCCH plus PDSCH. Considering that the field of paging scheduling information which is about 20bit will not be used in case that the other field called short message indicator is set to 10 (i.e. only short message is present in the DCI), it is possible to use such bits to indicate which specific SIB is to be changed. 
Proposal 3: Consider to support the paging enhancement for indicating the specific SIB change.
Conclusions
In this paper, we discussed possible paging enhancement for power saving and have the following proposals:
Proposal 1: Using  power saving signal/channel to indicate skipping of  PDCCH monitoring for paging before a PO is not supported for NR UE in IDLE state.
Proposal 2: UE grouping is beneficial for reducing the false alarm rate of PDSCH reception, which can save UE power in IDLE mode.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 3: Consider to support the paging enhancement for indicating the specific SIB change.
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