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1. [bookmark: _Ref298777854]Introduction
In 3GPP TSG RAN#86 meeting, a new WID on power saving enhancement with the following objectives was approved [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 #100 meeting
b) Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]
· NOTE: Always-on TRS/CSI-RS transmission by gNodeB is not required
2) Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]
a) Study and specify, if agreed, extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction when C-DRX is configured [RAN1] 
· NOTE: Rel-15 and Rel-16 available power saving solutions should be supported by the UE and included in the evaluation. RAN1 will ask the confirmation from RAN2 that Rel-15 and Rel-16 available power saving solutions are properly utilized.
b) Study the feasibility and performance impact of relaxing UE measurements for RLM and/or BFD, particularly for low mobility UE with short DRX periodicity/cycle, and specify, if agreed, relaxation in the corresponding requirements [RAN4]
· NOTE: Supplementary RAN2 work, if needed, can be triggered by RAN4 LS
In this contribution, we discuss aspects related to paging enhancement to reduce unnecessary paging receptions for UEs in IDLE/INACTIVE mode. 
Discussion 
To compare potential paging enhancement schemes a unified evaluation methodology is needed. The evaluation methodology should include the following metrics:
· power saving gain: percentage of power consumption reduction of proposed paging enhancement to the baseline scheme,
· overhead: increased amount of time or resources (if any) of proposed paging enhancement compared to the baseline scheme. 
Furthermore, if a new signal or channel is used for paging enhancement, the performance metrics should include false-alarm and miss-detection rates of the signal and complexity for the reception of the new signal or channel.
In the following, we discuss aspects related to the power consumption model and deployment scenarios used as a base-line. We further discuss potential paging enhancement schemes and their influence on power saving gain and system overhead.

Evaluation methodology – power consumption model
During the power saving SI, according to the details in TR 38.840, the following power components were recommended to be considered for RRM measurement power saving evaluation in IDLE/INACTIVE:
-	Loop convergence (AGC, TTL & FTL) / time-frequency tracking
-	How many SSB bursts are used for Loop convergence, with consideration of being potentially confined in the same SSB burst or different SSB bursts for serving cells and neighbouring cells measurement/ time-frequency tracing
-	FFS: The power value for loop convergence /time-frequency tracking is as the same as SSB processing.
-	Paging 
-	SIB1 decoding (PDCCH+PDSCH)
-	Neighbouring cell search (within SMTC), if any
-	SSB measurement (serving cell only / severing cell and neighbouring cells, if any)
-	Sleep.
For the evaluation of power saving enhancement schemes, we can use similar power model as the one recommended for RRM measurement power saving evaluation in IDLE/INACTIVE to calculate the total power consumption. The UE power state levels in TR 38.840 are however given assuming 100 MHz system bandwidth which is higher than the initial BWP used in IDLE/INACTIVE mode. The deployment scenarios and reference configuration should therefore be modified to reflect the power consumption model and system configuration of UEs operating in IDLE/INACTIVE mode. Using the “power consumption scaling” guidelines provided in TR 38.840, we can calculate the power state model for UEs operating in IDLE/INACTIVE mode. 

Table 1 - UE power consumption for FR1 in IDLE/INACTIVE mode
	Power state
	Relative power 
	Comment

	PDCCH only (P_RNTI)
	50 
	Scaling of X MHz: α = 0.4 + 0.6 * (X - 20) / 80 
Relative power = max(50, α.Pstate), where Pstate is power level at 100 MHz BW and BWP transition power is 50 power units. 
Substituting the following values in the above expression we find relative power corresponding to the power state in 20 MHz initial BWP. 
PPDCCH-pnly= PSSB-itra=100     PPDSCH=280
PPDCCH-PDSCH=300       PSSB-iter=150

	PDSCH (TMSI)
	112
	

	PDCCH+PDSCH (SIB1)
	120
	

	SSB burst (synchronization and serving/intra-freq RRM)
	50
	

	SSB burst (inter-freq/RAT RRM)
	60
	


No change to deep, light, and macro sleep relative power and transition times. 
Above scaling is applicable for FR1 only. In case scaling is needed for FR2, companies can report the assumed scaling factor.

The contribution of the different power states can be different depending on SNR level, mobility status and paging probability. For instance, for a UE at the cell edge the power consumption contribution from overhearing and the cost of measurement are higher than a UE in the cell centre. The reference evaluation assumptions should also include reference parameters taking these aspects into account.

Reduction of unnecessary paging reception
In IDLE/INACTIVE mode, an NR UE needs to monitor for potential paging reception. To reduce power consumption a UE may use a discontinuous reception (DRX) operation. When configured with DRX, the UE monitors one paging occasion (PO) per DRX cycle. In multi-beam operation, a PO is a set of  consecutive PDCCH monitoring occasions where  is the actual number of transmitted SSBs determined according to ssb_PositionsInBurst in SIB1. Further, the -th PDCCH monitoring occasion in the PO corresponds to the -th transmitted SSB. The UE assumes that the same paging message is repeated in all transmitted beams and the selection of the beam(s) for the reception of the paging DCI and paging message is left to UE implementation. 
The paging procedure reception includes two steps: first the UE needs to monitor the control channel for a paging DCI, i.e., a DCI which its CRC is scrambled with P_RNTI. If a paging DCI is detected, the UE continues to the second step where the UE decodes the PDSCH for its TMSI (5G-S-TMSI). Details of the frequency and time resource allocation of PDSCH are provided in the paging DCI. The UE knows whether it is paged or not only after it successfully decodes PDSCH (paging message). The event where a UE detects/successfully decodes a paging message, but its TMSI is not included in the PDSCH leads to an extra overhearing cost at the UE. The cost of overhearing can become significant for scenarios where UEs with low paging probability are configured to listen to the same POs as high paging probability UEs.
Observation 1: The cost of overhearing can become significant for scenarios where UEs with low paging probability are configured to listen to the same POs as high paging probability UEs. 
By adding a paging grouping mechanism, we can mitigate the number of unnecessary PDSCH decodes and therefore reduce the overhearing cost. One potential solution is to embed a UE paging grouping mechanism into the existing paging procedure, where the gNB can further sub-group the UEs being assigned to listen to the same PO based on their paging probability or traffic characteristics. Another potential solution is to add an indicator, e.g., a wake-up signal (WUS) or group WUS (GWUS) as in mMTC, prior to POs. By assigning UEs to different GWUS, again based on their paging probabilities and traffic characteristics, we can reduce the overhearing cost.   
Group paging reduces the cost of overhearing without adding extra overhead at the network. Introducing grouping via GWUS, on the other hand, will increase the network overhead but it can contribute to further reduction in power consumption at the UE when the channel is “idle”. Power consumption reduction is possible if the WUS is designed in a way such that it can be detected with a low-power low-complexity receiver. The energy consumption level of the WUS receiver and its contribution to total energy consumption, however, needs to be evaluated and compared to all other energy costs in IDLE/INACTIVE. 
Proposal 1 – The design of paging enhancements shall consider UE energy consumption reduction, network overhead, and design complexity.  
Proposal 2 – Support paging enhancement with UE grouping mechanism.  
While paging grouping can limit the number of devices that need to listen to paging at the same PO, it does not address the overhearing cost within a paging group due to missed paging. All UEs within a paging group must always read the paging indications and paging messages scheduled for their group. When a missed paging event occurs, the paging message will be retransmitted by the network at the next PO. In turn, paging retransmissions increase the overhearing cost of other UEs listening to the same PO. The situation only gets worse should a UE fail to decode paging retransmissions. The paging area is gradually extended from the initial camping cell, to a Tracking Area (TA) and then to a Tracking Area List (TAL). A TAL can be a very large geographical area covering numerous cells. A missed paging of a UE can cause an increase of overhearing cost in other cells. Therefore, the improvement to paging reception needs to also include solutions to mitigate overhearing cost due to missed paging by UEs.
Proposal 3 – RAN1 studies solutions to mitigate overhearing cost due to missed paging by UEs.  

Conclusion
In this contribution, we discuss power saving enhancement for UEs in IDLE or INACTIVE mode. 
Observation 1: The cost of overhearing can become significant for scenarios where UEs with low paging probability are configured to listen to the same POs as high paging probability UEs. 

Proposal 1 – The design of paging enhancements shall consider UE energy consumption reduction, network overhead, and design complexity.  
Proposal 2 – Support paging enhancement with UE grouping mechanism.  
[bookmark: _GoBack]Proposal 3 – RAN1 studies solutions to mitigate overhearing cost due to missed paging by UEs.  
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