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Introduction
The REL-17 NR UE power saving work item includes two RAN2 objectives [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
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
One of the objectives is to study and specify the possible reduction of unnecessary UE paging receptions to save power. This topic is further discussed in this contribution.
[bookmark: _Toc242573354]Unnecessary paging reception
The UE has to wake up every DRX cycle in Idle/Inactive mode during its Paging Occasion (PO) to monitor if there is an incoming Paging message, a System Information change or if the UE can stop monitoring the (additional) PDCCH monitoring occasions per SSB in case of shared spectrum channel access.
There can be more than one UE monitoring the same PO, depending on how much paging capacity is configured (PCCH-Config), and how many UEs are camped on the cell. The UEs are distributed over the available POs using the UE_ID (5G-S-TMSI).
When there is a Paging message for one of the UEs monitoring the same PO, all of those UEs will receive the associated Paging message on PDSCH. However only the UE, for which the ue-Identity in any of the PagingRecords matches the UE’s identity, will act on the Paging message, the other UEs will ignore the Paging message. When the UE wakes-up and receives a Paging message on PDSCH, which is not intended for this UE, this is referred to as a “false page” in this contribution. 
The gNB can page the UE in the “last known” cell using Last Visited Cell Information, if included in the UE context, or using the Recommended Cells for Paging and Paging Attempt Information, if included in the Paging message. 
When the UE is not reachable in the cell(s) where the UE is paged in the first paging attempt from the CN, then paging may be escalated in a larger area, i.e. eventually the UE may be paged in the complete Tracking Area (TA). . In case the UE is paged in more than one cell, UEs that monitor the same PO in all those cells where the UE is paged will be impacted by false paging. 
The NW send a Paging message to up to 32 UEs in a single PO, i.e. the maximum number of paging records in a Paging message is 32 (maxNrofPageRec). The paging record list enables the NW to handle burst of paging requests, i.e. when there is an instantaneous high load of paging requests. The paging record list enables to achieve a very low Paging blocking probability, i.e. the Paging message on PDSCH following the PO cannot be sent to the UE.
UE power consumption due to false Page message receptions
Paging rate per UE
Based on an observed call rate in live networks of 20 connections/h/UE and assuming 50% MT calls (which can be considered high because most connections are mobile originated and not towards another UE, i.e. “sync” calls towards Internet server) a paging rate of 10/h/UE is assumed, i.e. a probability to be paged for an incoming call of 0.4% with a 1.28 sec DRX cycle: 
Observation 1: The probability that the UE is paged for an incoming call during a PO is (very) low.
Causes for false paging
The impact of false paging depends on different factors: NW configuration (e.g. defaultPagingCycle in SIB1 and paging capacity configured in PDCCH-Config), UE MT call rate, UE mobility and CN paging strategy. There are two main components that determine the impact of false paging:
1. False paging reception because multiple UEs monitor the same PO (paging capacity)
2. False paging reception because the UE is paged in a cell where the UE is not located (mobility)
False paging due to multiple UEs monitoring the same PO
The impact of the first component is reduced when the UEs that are camped on the cell are distributed over many POs. The paging formula distributes the UEs according to the UE_ID over the available POs, and in the ideal case the UE has its own PO that is not shared with other UEs.
The paging capacity, expressed in the number of POs per DRX cycle is a key figure, when considering false paging alarms [2]. The UE is required to monitor its PO every DRX, i.e. dependent on the number of UEs per cells, this equates to the number of UEs that are monitoring the same PO. When the paging capacity is such, that more or less every UE has its own PO, then there are no false paging alarms because multiple UEs are monitoring the same PO. 
	
	High density UEs
	High density UEs
	Low density UEs

	UEs/cell
	10.000
	1.000
	100

	Number of POs/DRX cycle
	128
	128
	128

	UEs monitoring same PO
	~78
	~8
	~1

	False pages/h/UE due to paging capacity 
	770 
	70
	0



Observation 2: The false paging probability due to multiple UEs monitoring the same PO depends on the number of camped UEs in the cell (i.e. cell size and location) and the configured paging capacity.
False paging due to mobility
The next key figure is the paging rate to the cell, which is not only dependent on the average rate a UE is paged, but also due to paging escalation in the CN, i.e. due to mobility [2].
When the first paging attempt fails because the UE has moved from the cell where it was last paged, it is possible that the UE is paged in the complete Tracking Area (TA), which will cause a false page for all UEs in the TA that monitor the PO where the “missing” UE is paged. The false paging rate is always limited to 1 per DRX cycle, i.e. up to ~2800 false pages/h with a 1.28 sec DRX cycle. 
	
	Worst case
	Worst case
	Best case

	Probability UE has moved since last page
	100%
	10%
	1%

	UEs/TA
	10.000
	1.000
	100

	False pages/h/UE due to mobility
	2800
	1000
	100



Observation 3: The false paging probability due to mobility depends on the mobility of the UE and the paging strategy of the CN.
A simple paging strategy is when the UE is paged in the last known cell in the first paging attempt and in the complete TA when the UE does not respond. Dependent on the size of the TA, paging the UE in the complete TA should generally be avoided. However adding additional steps to the paging strategy adds delay to the paging procedure, which may not be preferable for UEs with strict latency requirements. Paging the UE in the last known bu the first paging attempt may be too limited in a 2 step paging strategy. 
Observation 4: The CN paging strategy is dependent on the NW implementation and a trade-off between latency and paging load.
The mobility patterns of the UE are very repetitive and therefore predictable, i.e. the same mobility pattern is typically repeated every (working) day. In case an additional paging step can be tolerated, in the second step the UE may be paged in cells the UE may potentially roam due to stored mobility history and time of day. 
Observation 5: The false paging probability due to mobility depends can be reduced by CN paging strategy.
An attempt has been made to quantify the false paging load, but the numbers are (very) speculative. Perhaps the false paging load is caused mainly by mobility, however with a clever paging strategy this impact can be further reduced. 
The impact of false paging on the UE power saving is evaluated in RAN1 [3]. However, from initial estimates [3], in the worst case when the UE receives a false page every DRX cycle the UE additional idle mode power consumption is only ~2.6%: 
Observation 6: The UE idle power consumption increase due to false paging is (very) limited.
Furthermore the idle mode power consumption is not the main UE power consumption, i.e. most power is consumed in connected mode. It is doubtful if the small power saving gain for idle mode justifies the introduction of a false paging enhancement. It is proposed to wait for further input and conclusions from RAN1 on that aspect. But a false paging solution is only justified when there are significant power saving gains:
Proposal 1: False paging solution is only further evaluated when justified by a significant power saving gain.
Solutions
Grouping info in PDCCH
False paging solutions, i.e. avoiding unnecessary PDSCH reception, can be found in the paging PDCCH signalling (DCI format 1_0 with CRC scrambled by P-RNTI). The solutions that have been discussed in the past are related to signalling some grouping information via the PDCCH, such that the UE monitoring the PO knows if it needs to receive the following PDSCH to receive the Paging message:
· RNTI
· DCI
PRNTI-based grouping
The objectives state that there should be no impact to legacy UEs. Using PRNTI-based grouping would imply that either legacy or new paging would be delayed, or that the feature cannot be used when both legacy and new UEs need to be paged. Impact on legacy UEs is not acceptable, neither is an increased paging latency of one DRX cycle on legacy UEs:
Proposal 2: PRNTI-based grouping is not used to reduce false paging.
DCI_based grouping
There are 6 bits reserved in the DCI format 1_0 with P-RNTI (see section 7.3.1.2.1 in 23.212) and there are 5 bits reserved in the Short Message for paging (see section 6.5 in 38.331). These bits could potentially be used to defined “paging groups”, and the UE is assigned to a paging group during registration/attach. When the UE is paged, the CN includes the paging group of the UE in the Paging message, and the RAN transfers the paging group in the paging DCI: 
Observation 7: 2 bits in DCI could reduce false paging impact, if a false paging solution is justified.
A simple grouping solution should be selected, to limit the complexity to deploy the feature, given the expected low power saving gains. When grouping is configured, it should still be possible to reach all UEs, otherwise paging would be delayed for another DRX cycle:
Observation 8: DCI based grouping should support “all” to avoid paging delay increase.
In case 2 bits are used, the false paging impact can be reduced with a factor 3, i.e. one codepoint is need to reach all groups: 
Observation 9: UE grouping based on UE_ID is used, if a false paging solution using DCI is justified.
RAN2 should wait for RAN1 conclusions about the expected power saving gains, to determine if the feature is justified. The reserved bits in the Short Message may be needed in future releases to enable enhancements in Idle mode, i.e. the reserved bits in the Short Message should be used with care. 
[bookmark: _GoBack]Proposal 3: RAN2 waits for RAN1 outcome of the potential power saving benefit, before agreeing on a false paging solution.
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Observation 1: The probability that the UE is paged for an incoming call during a PO is (very) low.
Observation 2: The false paging probability due to multiple UEs monitoring the same PO depends on the number of camped UEs in the cell (i.e. cell size and location) and the configured paging capacity.
Observation 3: The false paging probability due to mobility depends on the mobility of the UE and the paging strategy of the CN.
Observation 4: The CN paging strategy is dependent on the NW implementation and a trade-off between latency and paging load.
Observation 5: The false paging probability due to mobility depends can be reduced by CN paging strategy.
Observation 6: The UE idle power consumption increase due to false paging is (very) limited.
Observation 7: 2 bits in DCI could reduce false paging impact, if a false paging solution is justified.
Observation 8: DCI based grouping should support “all” to avoid paging delay increase.
Observation 9: UE grouping based on UE_ID is used, if a false paging solution using DCI is justified.
Proposal 1: False paging solution is only further evaluated when justified by a significant power saving gain.
Proposal 2: PRNTI-based grouping is not used to reduce false paging.
Proposal 3: RAN2 waits for RAN1 outcome of the potential power saving benefit, before agreeing on a false paging solution.
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