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Introduction 
SA2 working group in their recent Liaison to RAN2, S2-2006037 on the Multi-SIM topic, have asked several questions to be resolved. 
In this contribution we attempt to address Question 8 relating to the following proposals raised in the LS: 
Repeating paging in the RAN on consecutive POs. for MUSIM devices.
UE Implementation-based solution to address overlapping POs (like today) 
Discussion
From TS 36.413 we observe that paging is sent over S1 interface from the MME to the eNodeB and the paging message is broadcasted to the UE, as shown in the following Figure 1
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[bookmark: _Ref54171542]Figure 1 Paging Message sent over S1 Interface to the eNodeB
For a mobile terminating Packet Switched (PS) or Circuit Switched (CS) event, the MME sends a paging message to one or multiple eNodeBs over the S1 interface.
In order to minimise the MME/AMF processing load caused by immediately paging all of the RAN nodes in the TAI list, the Paging Policy Differentiation feature (section 4.9 of TS 23.401) can be used so that the MME/AMF can determine which PS domain MT events are for voice calls and which are not.
This enables the MME/AMF to minimise voice call setup latency by immediately paging for these important events in all eNBs/gNBs in the TAI list, while minimising processor load by implementing an escalating paging area approach for less important MT events.
Observation 1: In order to minimise voice call set up delay, the MME is likely to send S1-AP paging messages to all eNBs/gNBs in the TA LIST for the “first page”. This can be many eNBs/gNBs.
However, in order to conserve UE battery power, the HPLMN normally uses firewalls (or NATs) to ensure that ‘random’ IP packets do not cause the mobile to transition from idle to active state. As a result, paging for services other than IMS (voice/messages) or CS-domain (voice/SMS) is relatively rare except for the time period following a radio link failure.
Observation 2: A significant proportion of all S1/N2 paging messages will relate to voice calls and they will be sent in parallel to all the eNBs/gNBs in the TAI list.
Because the core network is not aware of the paging channel configuration in the RAN nodes (and which may be different in different RAN nodes), and, because the core network and RAN nodes need not be time synchronised, the core network does not buffer the MT event. Instead, the core network node (MME or AMF) promptly sends the paging message to the RAN nodes.
Observation 3: The MME and AMF are not aware of when the UE’s Paging Occasion will occur. Even if the CN were to be synchronised with the RAN’s timing, there are other RAN parameters that influence when the Paging Occasion will occur.  
The S1 paging message from the MME, contains a UE ID value which is obtained from a function of the IMSI. Based on this number and the value of N (N=min(NB,T)), the eNB calculates the PO of the UE and it buffers the paging message until the PO.
Since the UE already knows it’s IMSI and the eNB has already derived it from the UE ID in the S1 Paging message, both the UE and eNB are synchronized and they use the same PO subframe. Once, the UE receives the paging message addressed to itself, it initiates RACH process by sending a RACH preamble to the eNB. 
Taking an example of a voice call, the MME will page many eNodeBs in the tracking area list in order to locate the UE, as shown in the following Figure 2
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[bookmark: _Ref54171615]Figure 2 Multiple Paging Messages sent to many eNodeBs in a Tracking Area List
As illustrated in the Figure 2, eNodeBs 2, 3,…X do not see that UE1 has responded to the paging message on eNodeB1.
Therefore if eNodeBs 2, 3,….X locally repeat the paging message, significant paging resources are wasted.
e.g. if eNode B2 has 3 sectors and supports 4 frequency bands in each sector, one local repetition cause 12 wasteful paging messages to be sent!
Observation 4: The UE is only camped on one cell, so eNBs where the UE is not camped will not see any response from the UE. Hence any RAN-internal paging repetition leads to significant wastage of paging resources (even on one eNB this can involve many paging messages – e.g. paging occurs in 12 cells for a 3 sector, 4 frequency eNB.)
Because of this, section 8.5 of TS 36.413 (S1-AP) states that:
“For each cell that belongs to any of the TAs indicated in the List of TAIs IE, the eNB shall generate one page on the radio interface.”
Observation 5: The paging procedure in the EPS (and in RRC-Idle in the 5GS) is designed based on paging repetition only by the core network.
[bookmark: _Hlk54268370]Proposal 1: the EPS and 5GS design of the RAN NOT locally repeating paging for UEs in RRC Idle should be kept.
If the UE misses the RRC Paging Message, the core network will re-transmit the S1-AP Paging messages after Timer T3413 has elapsed. As the MME/AMF has no knowledge of the cells’ configurations, the MME/AMF does not know when the UE’s paging occasion will occur, other than that it is likely to occur within the UE’s DRX interval (based on the assumption that the RAN is not suffering from paging channel congestion). Hence, the MME/AMF should not set the paging retransmission timer (T3413) to less than the UE’s DRX interval plus the time needed for the 5 message RRC establishment sequence.
Observation 6: The Core Network needs to allow the UE’s PO to occur and time for the UE to respond to paging before the Core Network can retransmit the paging.
Section 10 of TS 24.301 (NAS signalling in EPS) and section 10 of TS 24.501 (NAS signalling in 5GS) show that core network timers typically take values in terms of seconds (or minutes or hours).
Observation 7: Many Core Network Timers are configured in seconds, not fractions of seconds.
In order to achieve fast voice call setup times, and to efficiently enlarge the paging area for non-voice MT events, the MME/AMF is likely to be configured with a 2 second paging retransmission timer if the UE DRX is 1.28 seconds.
Observation 8 If the UE’s DRX interval is 1.28 seconds, a MME could be expected to retransmit paging after 2 seconds.
“UE implementation-based solutions” have implied that the UE alternates between networks when Paging Occasion Collisions occur. When implementing such an approach, Figure 3 below shows what can happens if a UE experiences a PO collision and misses their first page. With UE DRX 1.28 seconds and T3413= 2 seconds there are many times when it can take an additional 3 DRX intervals before the UE receives the page.
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[bookmark: _Ref54269424]Figure 3: Long paging delay when UE alternates between networks

Another possible scenario is if the MME retransmits its S1 paging at every 3s intervals as shown in the following 
[bookmark: _GoBack][image: ]
Figure 4: Long paging delay when UE alternates between networks and T3413 is 3s

Observation 9: a UE implementation-based approach in which the UE simply alternates between networks does not work well.
Proposal 2: Solutions other than UE based ones are required.







Conclusions 
From our technical analysis we have made the following observations: 
Observation 1: In order to minimise voice call set up delay, the MME is likely to send S1-AP paging messages to all eNBs/gNBs in the TA LIST for the “first page”. This can be many eNBs/gNBs.
Observation 2: A significant proportion of all S1/N2 paging messages will relate to voice calls and they will be sent in parallel to all the eNBs/gNBs in the TAI list.
Observation 3: The MME and AMF are not aware of when the UE’s Paging Occasion will occur. Even if the CN were to be synchronised with the RAN’s timing, there are other RAN parameters that influence when the Paging Occasion will occur.  
Observation 4: The UE is only camped on one cell, so eNBs where the UE is not camped will not see any response from the UE. Hence any RAN-internal paging repetition leads to significant wastage of paging resources (even on one eNB this can involve many paging messages – e.g. paging occurs in 12 cells for a 3 sector, 4 frequency eNB.)
Observation 5: The paging procedure in the EPS (and in RRC-Idle in the 5GS) is designed based on paging repetition only by the core network.
Observation 6: The Core Network needs to allow the UE’s PO to occur and time for the UE to respond to paging before the Core Network can retransmit the paging.
Observation 7: Many Core Network Timers are configured in seconds, not fractions of seconds.
Observation 8 If the UE’s DRX interval is 1.28 seconds, a MME could be expected to retransmit paging after 2 seconds.
Observation 9: a UE implementation-based approach in which the UE simply alternates between networks does not work well.
And based on our observations we propose the following:
Proposal 1: the EPS and 5GS design of the RAN NOT locally repeating paging for UEs in RRC Idle should be kept.
Proposal 2: Solutions other than UE based ones are required.
In conclusion, in response to question raised by SA2 in their LS: 
· Local Paging Repetition in the RAN for UEs in RRC Idle should not be implemented.
· UE Implementation is not a practical solution for the Paging Occasion Collision 
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