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Introduction
The risk of false alarms with Paging was not discussed during RAN2#105bis [1-5].
[bookmark: _Toc242573361]In this contribution the risk of false paging alarms in NR is discussed further. 
[bookmark: _Toc242573354]Background
False Paging Alarms
More than one UE may monitor the same Paging Occasion (PO) on PDCCH. 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 UE identity, will act on the Paging message, the other UEs will ignore the Paging message. 
The gNB can page the UE in the “last known” cell using Last Visited Cell Information, if provided in the UE context, or using the Recommended Cells for Paging and Paging Attempt Information, if provided 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 (e.g. complete TA). In case the UE is paged in more than one cell, UEs that monitor the same PO in all the cells where the UE is paged will be affected by false paging. 
Paging Record List
The NW can page 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 cannot be sent. 
Discussion
False paging causes
False paging alarms force the UE to receive and process the Paging message on PDSCH, while this message is not intended for that UE, i.e. causes longer wake-up time and additional UE processing. The false paging alarms do not impact the power consumptions due to PO monitoring.
The false paging alarm rate can be reduced by the network configuration (e.g. paging capacity) and the paging policy of the network. 
For example the NW can page the UE first in the last known cell the UE was reachable the last time. It should be noted that many UEs exhibited a rather predictable and repetitive daily mobility pattern. Only when the UE does not respond to the first paging attempt, the NW may need to escalate the paging over a wider area, i.e. more than one cell, which will increase the false paging alarm rate. The impact of paging escalation on false paging alarms can be reduced by escalation in moderation, for example not page the in the complete TA/RNA when the UE does not respond the first time, but in a group of cells (e.g. all cells of the gNB). Furthermore in case the UE is paged in the complete TA/RNA, the false alarms are reduced when smaller TAs/RNAs are deployed. However there is a trade-off with the paging latency, i.e. escalate the paging in multiple steps increases the paging latency. And smaller TAs/RNAs also increases the RA/RNA updates. But the false alarm rate can be reduced with proper NW paging policy: 
Observation 1: False alarms due to mobility can be reduced by NW paging policy.
The false paging risk is reduced when a large paging capacity is configured, e.g. when each UE has its own PO. However in reality this is not assumed possible, i.e. this would require too large network resources to be reserved for paging. UEs are assigned to a PO based on the UE ID, i.e. UEs are fairly randomly distributed over the available paging capacity i.e. POs. However this allocation is not perfectly random, and also not perfectly uniform. Even when there as many POs as UEs, perhaps most of the POs will serve a single UEs, but there will also be POs serving no UE, and some serving multiple UEs. In other words to ensure there is no false paging due to the paging capacity the paging capacity would have to be fairly over-dimensioned.  
Observation 2: Ensuring that each UE has its own PO is practically not possible.
It should be noted that from a NW perspective it might not be beneficial to configure that many POs such that more or less each UE has its own PO, and therefore there are no false paging alarms. From a NW perspective it might be more beneficial to send multiple pages in the paging record list of a single Paging message in the PO, i.e. to use the multiplexing option provided and broadcast less Paging messages:
Observation 3: From a NW perspective it may be beneficial to use the paging multiplexing option and broadcast less Paging messages.
Most like there will be no high false paging alarm risk in the first deployments of the system. But in a full flexed deployment reaching its capacity limits this may be different. Furthermore paging enhancements that may be needed later, should preferably also be supported by the then large legacy base. 
Observation 4: It is beneficial if legacy UEs also support false paging alarm enhancements, even when they may be needed in future deployments.
False paging calculation
In the following an attempt is made to quantify the possible false paging probably. This is a difficult exercise, because it depends on NW configuration parameters, and the expected traffic and mobility pattern of the UE. Nevertheless we think it is worthwhile to perform this exercise. 
The impact of false paging alarms on the UE power consumption depends in first instance on the number of UEs that are monitoring the same PO and on the paging rate. FYI: RAN1 assumed 10% paging per PO in their studies in TR 38.840.
The number of UEs monitoring the same PO, depends on the UE population size and the paging capacity that is configured by the NW. The actual paging capacity depends on different parameters, but the NW can configure each frame as a Paging frame, except that the NW cannot use slots used for UL TDD. It is assumed that the UEs are fairly randomly distributed over the available paging capacity (i.e. POs) using the UE ID (5G-S-TMSI). 
In this calculation a load of 20 calls/h/UE, based on statistics, is assumed. Furthermore 50% of the calls is assumed MT, i.e. 10 pages/h/UE. A DRX cycle of 1.28 sec is assumed, which implies that the UE receives a page for itself every 6 minutes, which leads to paging percentage of the UEs PO of only 0,4%, which is perhaps rather low. 
But in the following calculation the false paging rate due to other UEs monitoring the same PO, and the false paging rate due to NW escalating paging in the complete TA because the UE has moved, is evaluated further. It is noted that the false paging rate cannot exceed one Paging message every DRX cycle, but the Paging message may contain multiple paging records not destined for that UE. 
False paging rate due to (limited) paging capacity
The paging capacity, expressed in the number of POs per DRX cycle is a key figure, when considering false paging alarms. 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. 
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. Apart from the mobility impact, the false paging rate thus depends on the number of UE camped on the cell, and the paging rate per UE. 
	
	High paging load
	Low paging load

	Number of POs/DRX cycle
	64
	128

	UEs/cell
	1000
	100

	UEs monitoring same PO
	~15
	~1[footnoteRef:1] [1:  As discussed above the distribution of UEs over POs is perfectly uniform, i.e. will not be 1. ] 


	False pages/h/UE due to paging capacity 
	140
	0


False paging rate due to mobility
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. As noted before the false paging rate is always limited to 1 per DRX cycle: 
	
	Worst case
	Best case

	Probably UE has moved out of cell where it was last paged
	10%
	1%

	UEs/TA
	10.000
	100

	False pages/h/UE due to mobility
	Min(10.000, 3600/1.28) ¨ 2800
	100


It is difficult to asses the expected false paging rate in future network deployments, but the above calculation attempt indicates, that there might be cases where there is a significant false paging rate. For this reason it is proposed to study false paging solutions further: 
Proposal 1: RAN2 to study solutions to reduce the impact of false alarms with paging.
Potential solutions to reduce the impact of false alarms with paging are:
· UE grouping using multiple P-RNTIs 
· UE grouping using DCI signalling (e.g. using short message)
From the simple calculation above it can be observed that false paging due to mobility could potentially be high. It might be beneficial to consider a “mobility group ID”, i.e. when the UE monitors paging in a different cell than where it was last paged, the UE monitors this “mobility group ID” to avoid waking up stationary UEs.
Multiple P-RNTIs
It is possible to use multiple P-RNTIs to identify different groups and distribute the UEs based on UE ID over the groups. However it should always be possible to page all UEs in a PO (e.g. when UEs belonging to different groups need to be paged), which impacts the UE requirement to monitor multiple RNTIs per PO: 
Observation 5: Using multiple P-RNTIs for false paging requires the UE to monitor more than one RNTI per PO. 
Furthermore, in case the “ALL” P-RNTI is used frequently this basically breaks the whole false paging solution: 
Observation 6: The use of multiple P-RNTIs for false paging may not be effective.
Group info in DCI
There are 6 un-used bits in short message on the Paging DCI that could be used to convey grouping info. The advantage of a DCI based approach is that the UE is only required to monitor a single P-RNTI: 
Proposal 2: RAN2 to study the use of group info in DCI to reduce the risk of false paging.
[bookmark: _Toc242573360]Summary
RAN2 is kindly asked to discuss false paging alarms: 
Observation 1: False alarms due to mobility can be reduced by NW paging policy.
Observation 2: Ensuring that each UE has its own PO is practically not possible.
Observation 3: From a NW perspective it may be beneficial to use the paging multiplexing option and broadcast less Paging messages.
Observation 4: It is beneficial if legacy UEs also support false paging alarm enhancements, even when they may be needed in future deployments.
Observation 5: Using multiple P-RNTIs for false paging requires the UE to monitor more than one RNTI per PO. 
Observation 6: The use of multiple P-RNTIs for false paging may not be effective.
Proposal 1: RAN2 to study solutions to reduce the impact of false alarms with paging.
Proposal 2: RAN2 to study the use of group info in DCI to reduce the risk of false paging.
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Appendix: Text Proposal 38.840
[bookmark: _GoBack]More than one UE may monitor the same Paging Occasion (PO), which causes false paging alarms in the UE, i.e. the UE receives a Paging message on PDSCH, which is not intended for that UE, causing unnecessary power consumption in the UE. False paging alarms also occur when the UE has changed cell since it was last paged, i.e. due to mobility, where the network has to page the UE in more than one cell. False paging alarms can be avoided by using group info in the Paging DCI (i.e. short message), i.e. the UE only receives the Paging message on the PDSCH when the UE’s group is indicated on the DCI. 
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