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1
Overview
This paper describes the issue where in certain cases a UE may experience performance impact on LTE services while monitoring "another" paging occasion. 
The paper also proposes a solution to resolve the paging collision while UE is using other LTE services.

The scope of this issue is applicable to the devices with single receive chain.
2
Discussion
2.1
Paging occasion for a UE

A UE monitors the paging frame and paging occasion that is allocated based on IMSI. 

36.304, section 7.1 defines the paging frame and paging occasion as follows – 

One Paging Occasion (PO) is a subframe where there may be P-RNTI transmitted on PDCCH

…..

One Paging Frame (PF) is one Radio Frame, which may contain one or multiple Paging Occasion(s). When DRX is used the UE needs only to monitor one PO per DRX cycle.
…..

PF, PO, and PNB are determined by following formulae using the DRX parameters provided in System Information:
PF is given by following equation:

SFN mod T= (T div N)*(UE_ID mod N)

Index i_s pointing to PO from subframe pattern defined in 7.2 will be derived from following calculation:

i_s = floor(UE_ID/N) mod Ns

…..

The following Parameters are used for the calculation of the PF, i_s, and PNB:
…..

-
UE_ID:
IMSI mod 1024, if P-RNTI is monitored on PDCCH.

Observation 1 - As seen above, the PF and PO to be monitored by a UE is a specific time instance calculated as a function of IMSI. 
2.2
Problem – Paging time conflict with other service
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Figure 1 Paging time conflict with other service
1. In figure 1 above, it is shown that UE needs to receive service on 2 different frequencies, F1 and F2.

2. On frequency F1, UE expects to receive paging from network, e.g. PLMN1.

3. On frequency F2, UE may expect to receive different LTE service, e.g. paging from another network PLMN2

4. UE with single Rx chain, will alternate between frequency F1 and F2 to receive service on both.
5. The service on frequency F2 can be scheduled by the network during the same time as paging occasion on frequency F1. The service on frequency F2 may have same periodicity or multiple of same periodicity as DRX cycle on frequency F1.

6. The repetitive scheduling conflict between 2 services causes UE to miss pages on frequency F1.
2.2.1 Device with dual subscription (SIM)

A device with dual subscription, but single Rx chain, (e.g. dual SIM device) will register on 2 different networks. On both the networks, it is possible that the paging occasion for each subscription determined occurs around the same time, causing paging collision between the subscriptions.

Observation 2 – A device with dual subscription, may have paging occasion of both the subscriptions to be around same time instance and thus causing impact on page monitoring.
List of dual SIM scenarios – 
Assume the following configuration:

IMSI such that PO for both subscriptions occurs around same instance
	Configuration for Subscription 1/ PLMN1 (LTE)
	Configuration for Subscription 2/ PLMN2 (LTE)
	Impact

	DRX cycle = 320ms

Page repetition = 2
	DRX cycle = 320ms

Page repetition = 2
	Possibility of missed page on either subscription.

25% MT failure rate on both subscriptions. 

	DRX cycle = 320ms

Page repetition = 3
	DRX cycle = 320ms

Page repetition = 3
	Possibility of missed page on either subscription.

12.5% MT failure rate on both subscriptions. 

	DRX cycle = 320ms

Page repetition = 3
	DRX cycle = 640ms

Page repetition = 3
	Possibility of missed page on either subscription.

3.6% MT failure rate on both subscriptions.


Table 1 Dual SIM scenarios with both subscriptions on LTE
· When both subscriptions are camped on LTE, 12.5% of dual SIM UE's are impacted with persistent collision when DRX cycle of both subscriptions is 320ms and LTE page processing time is 20ms.

· When one subscription is camped on LTE and another on WCDMA, 9.3% of dual SIM UE's are impacted when DRX cycle of both subscriptions is 320ms and LTE page processing time is 20ms and WCDMA PICH processing time is 10ms.
· When one subscription is camped on LTE and another on WCDMA, 4.7% of UE's are impacted when minimum DRX cycle is 640ms among the two subscriptions and LTE page processing time is 20ms and WCDMA PICH processing time is 10ms
2.2.2
UE using ProSe Discovery over PC5 

For ProSe Discovery over PC5 inter-frequency cases, the rxPool periodicities are multiples of 320msec (e.g. for discovery). Since the rxPool periodicities happen to be cell-specific configuration (and not UE-specific) and spans multiple SFs, it will collide with UEs with specific IMSIs whose LTE PO are incident in that window. Thus, paging occasion of few UEs will collide with the RxPool.

As ProSe Discovery over PC5 lower priority than LTE PO, ProSe Discovery over PC5 service will suffer outage perpetually for some UEs with such IMSIs camped in that cell.

Observation 3 – ProSe Discovery over PC5 rxPool periodicities are cell-specific configuration and may consistently collide with paging occasions of certain UEs and experience outage for ProSe Discovery over PC5 service
2.2.3
UE receiving eMBMS service

The eMBMS reception cycle, e.g. MCH Scheduling Period (MSP), can be 320 ms, over which UE can receive some eMBMS service on the scheduled MBSFN subframes.

In case UE is receiving eMBMS on an asynchronous configurable SCell on F2 (a DL only band) and monitoring paging on F1, where F1 and F2 cannot be supported per CA_combo of UE capability, UE can see collision between PO and eMBMS reception subframes of an interesting service.

Observation 4 – eMBMS service periodicities are cell-specific configuration and may consistently collide with paging occasions of certain UEs and have degraded performance as noted below.

List of eMBMS scenarios - 
	LTE configuration
	Alternative LTE Service configuration
	UE behaviour
	Impact

	Camping cell frequency = F1


	eMBMS reception on downlink only frequency = F2

the MBMS frame periodicity = 320ms
	UE switches to F1 few ms prior to paging occasion and stays until paging occasion monitor time ends.
	The eMBMS frames transmitted during page monitoring time are missed by UE and thus impacts quality of eMBMS reception.

	2 cells available.

Camping cell frequency = F2, cell 1, but priority of cell for camping is lowest (weak cell)

Camping cell frequency = F1, cell 2 (highest priority, strong cell)

	eMBMS reception on frequency = F2, cell 1, but has eMBMS service available
	User initiated MBMS session, UE chose to camp on cell 1, frequency F2 to receive eMBMS service
	Potential loss of pages due to weak cell 

	2 cells available.

Camping cell frequency = F2, cell 1, but priority of cell for camping is lowest (weak cell)

Camping cell frequency = F1, cell 2 (highest priority, strong cell)
	eMBMS reception on frequency = F2, cell 1, but has eMBMS service available
	User initiated MBMS session, UE chose to camp on cell 2, frequency F2
	No eMBMS reception 


2.3
Proposal – UE initiated Paging Offset negotiation 
    
[image: image2.emf]UE MME of PLMN1

2a. TAU Request (paging offset)

0. UE determines conflict 

between PO and other 

service

2b. TAU Accept (accepted paging offset)

3. New PO position to monitor = PO based on IMSI + 

accepted paging offset

eNB of PLMN1

4. Paging (paging offset for 

the UE)

ECM-IDLE

5. Calculate new PO 

with offset

Paging 

Monitor paging

1. Calculate paging offset to 

propose to network.


Figure 2 Paging offset negotiation during TAU procedure
0. UE determines that its paging occasion instances conflict with other LTE services being consumed.  

1. UE calculates the paging offset to propose to network based on expected page pre-processing duration and amount of time needed to receive/monitor the service on other frequency. 
2. UE initiates paging offset negotiation procedure.

a. UE includes pagingOccassionOffset in ATTACH/TAU Request
b. MME may accept or reject the paging offset proposed by UE. If MME accepts the paging offset, MME sends the ATTACH/TAU accept message to UE indicating the paging offset was accepted. It is assumed that when MME accepts the paging offset, all eNB in the TAI list supports paging offset.
3. UE monitors the PO by applying pagingOccasionOffset w.r.t. to the currently computed PO.

4. When MME needs to page the UE, over S1-AP interface, in Paging message to eNB, MME provides the pagingOccasionOffset to eNB.

5. eNB calculates paging occasion per new offset and pages UE in the new time slot.
2.4
Result - Paging offset application
After successful paging offset negotiation, the timeline for device will result as follows – 
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 Figure 3 Paging with offset, avoids collisions
2.5 Alternative proposal – Increased page repetitions based on UE capability
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Figure 3 Increased page repetition based on UE capability
1. UE includes “limited page monitoring” indication as a UE capability in ATTACH/TAU Request

2. MME sends the ATTACH/TAU accept message to UE.

3. When MME needs to page the UE, over S1-AP interface, in Paging message to eNB, MME indicates to eNB that this UE needs increased page repetitions.

4. eNB sends paging to UE and repeats several times based on indication from MME.
2.6 Comparison of proposal options
	Options
	Design Choices
	Pros
	Cons

	A
	Paging offset negotiation during TAU procedure
	· Resolves Service Outage issue completely for impacted UEs.
· Page loss rate is eliminated
	· Impact on RAN and NAS layers

	B
	Increased page repetitions based on UE capability
	· Signalling changes only in NAS layer.
	· This does not resolve the problem completely, only reduces mobile terminated failure rate. The page block rate remains unchanged.
· Network page loss rate increases.

· Network will need to increase page repetitions for all UEs with limited page monitoring capability.


Service Outage: loss of one service when monitoring page on LTE due to time-domain conflict.
3.
Proposal

It is proposed SA2 discusses this issue and adopts the solution described in clause 2.3. The source companies will provide TEI15 CR to TS 23.401 at next SA2 meeting. 

Annex

Detailed data on page miss rate in various configurations
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LTE 320 2 LTE 320 2 50.0% 25.0% 50.0% 25.0%

LTE 320 3 LTE 320 2 50.0% 12.5% 50.0% 25.0%

LTE 320 3 LTE 320 3 50.0% 12.5% 50.0% 12.5%

LTE 320 2 LTE 640 2 33.3% 11.1% 33.3% 11.1%

LTE 320 3 LTE 640 2 33.3% 3.7% 33.3% 11.1%

LTE 320 3 LTE 640 3 33.3% 3.7% 33.3% 3.7%

12.5% of UE's are impacted assuming min DRX cycle is 320ms between the two Sub's  and LTE page processing time is 20ms.
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LTE 640 2 WCDMA 640 2 50.0% 25.0% 50.0% 25.0%

LTE 640 3 WCDMA 640 2 50.0% 12.5% 50.0% 25.0%

LTE 640 3 WCDMA 640 3 50.0% 12.5% 50.0% 12.5%

LTE 320 2 WCDMA 640 2 33.3% 11.1% 33.3% 11.1%

LTE 320 3 WCDMA 640 2 33.3% 3.7% 33.3% 11.1%

LTE 320 3 WCDMA 640 3 33.3% 3.7% 33.3% 3.7%

4.7% of UE's are impacted assuming min DRX cycle is 640ms between the two Sub's,  and LTE page processing time is 20ms and WCDMA PICH processing time is 10ms

9.3% of UE's are impacted assuming min DRX cycle is 320ms between the two Sub's,  and LTE page processing time is 20ms and WCDMA PICH processing time is 10ms
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