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1. Introduction
The objective 1 of the WID for Multi-SIM devices [1] addresses paging collision avoidance:

	1)   Specify, if necessary, enhancement(s) to address the collision due to reception of paging when the UE is in IDLE/INACTIVE mode in both the networks associated with respective SIMs [RAN2]

· RAT Concurrency: Network A can be NR. Network B can either be LTE or NR.

· Applicable UE architecture: Single-Rx/Single-Tx.


In this contribution, we discuss available proposals to address paging collision issue and present details on our preferred solution.
2. Discussion

UE listens for paging messages while in RRC_IDLE and RRC_INACTIVE states and uses Discontinuous Reception (DRX) to reduce power consumption. It monitors one paging occasion (PO) per DRX cycle. The potential values of DRX cycle are 32, 64, 128 and 256 radio frames. At each PO, the UE scans for a PDCCH transmission which has its CRC scrambled by the P-RNTI. The UE determines its PO using a combination of information broadcast in SIB1 and its allocated 5G-S-TMSI. 
For a UE in RRC_IDLE, the AMF in Core Network initiates the paging procedure and starts a supervision timer (T3513). If the AMF does not receive response from the UE before the timer expiry, it initiates re-transmission of the Paging message. For a UE in RRC_INACTIVE, serving base station initiates paging procedure. 

A Single-Rx Multi-SIM device can monitor only one network at one time. In RRC_IDLE and RRC_INACTIVE states, it wakes up to perform DL synchronization in order to decode the paging successfully and perform RRM measurements. When it is monitoring the current network during the wake-up period, it may miss paging on another network if the PO on another network overlaps either with the PO in the current network as shown in Figure 1 or with the wake-up period in the current network as shown in Figure 2. Since the wake-up period is longer than the duration of PO, to address the paging collision issue, the wake-up period consisting of DL synchronization, paging reception and RRM measurement should be considered.

[image: image1.emf]DRX Cycle

Cell/Network A

Cell/Network B

POs


Figure 1: Paging Collision for Multi-SIM device
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Figure 2: Paging Collision considering wake-up period in RRC_IDLE and RRC_INACTIVE
2.1 Available Proposals from 3GPP TR 23.761

3GPP TR 23.761 specifies several proposals to address paging collision issue, which were also listed in the post e-mail discussion [3]. The proposals can be categorised as below:
We explain the issues with Option 1 and Option 2 in Table 1 and provide details for our preferred solution in Section 2.2. 

Table 1: Details of different proposals to address paging collision

	Option
	Details
	Issues

	1
	UE detects paging collision and requests core network (CN) for a new 5G-GUTI.
	Paging collision may happen again due to cell reselection and the UE needs to request for new 5G-GUTI. If there are frequent cell-reselections, the paging collision may happen frequently and the process of requesting new 5G-GUTI needs to be repeated. 

Also it’s not certain that the available 5G-GUTIs at AMF can avoid the paging collision.

	2a
	When UE detects paging collision, it calculates Alternative UE_ID and indicates to CN that it would like to use Alternative UE_ID for PF/PO calculation.
	Similar to Option 1, paging collision may happen again after cell reselection and the process of proposing new Alternative UE_ID needs to be repeated.
Using the Alternative UE_ID will change the legacy way of calculating PF/PO.

	2b
	When paging collision is detected, a UE_ID derived from “IMSI+offset” value is used.
	There might be cases that different configurations with IMSI+offset value could not solve every PO collision case, and there seems no difference compared with Option 1.

Another point is that this impacts E-UTRA specifications which seems not in the scope of MUSIM WI.

	2c
	Very similar to Option 1 and 2a
	Same issues as for Option 1 and 2a

	3
	Details are mentioned in Section 2.2
	This option together with the UE implementation (e.g. monitoring paging alternately in the two NWs) can solve the paging collision issue.

	4
	UE implementation
	This option together with the option 3 can solve the paging collision issue.


As seen from the above, Options 1, 2a, 2b and 2c do not really solve the paging collision issue. Option 4 is implementation mechanism currently used. Below we present a simple solution to solve paging collision issue.
2.2 A simple solution to address paging collision 
A simple implementation mechanism for Single-Rx Multi-SIM device is to monitor different Networks alternately. However if the paging is sent on one Network while the device is monitoring the other Network, it will miss the paging. If the Network repeats the paging in two consecutive POs, the device can receive the paging on a subsequent PO when the device is monitoring that Network. This is illustrated in Figure 3. The Multi-SIM device monitors the two Networks alternately. The UE misses the first paging from Network B but it receives the paging from the subsequent PO in the Network B successfully.
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Figure 3: Multi-SIM device monitoring Networks alternately
To reduce the paging load, the first paging attempt may not be repeated. If the UE does not respond to the first paging attempt, then a second paging attempt is made and the paging is repeated on two consecutive POs. For a UE in RRC_IDLE, the RAN can execute transmission of paging on subsequent POs based on the “Paging Attempt Count” information in paging message provided by the AMF. For a UE in RRC_INACTIVE, the serving RAN node can provide “Paging Attempt Count” information to RAN nodes within RAN Notification Area (RNA). UE may report the supporting of Multi-SIM so paging is not repeated for all UEs.
Based on the above discussion, we propose the following:

Proposal: The UE implementation mechanism together with RAN repeated paging transmission solves the paging collision issue.
3. Conclusion

In this contribution, we have discussed paging collision avoidance for Multi-SIM devices and made the following proposals:

Proposal: The UE implementation mechanism together with RAN repeated paging transmission solves the paging collision issue.
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Option 1: UE -requested 5G-GUTI reassignment for one USIM using the Mobility Registration Update. However, it should be noted the 5G-GUTI is systematically reassigned by the network during the Mobility Registration Update procedure (as of Rel-15) requires. Proposed for 5GS only.


Option 2: Changes related to the UE_ID (UE Identity Index) that is used for calculation of PF/PO only:


-    Option 2a    Calculation of PF/PO by using an Alternative UE_ID. The UE ID sent in the paging message is not impacted by this Alternative ID that is only used for PO/PF calculations Proposed for both EPS and 5GS.


-    Option 2b   Calculation of PF/PO by using a UE_ID which is derived from IMSI+offset value. The offset value is negotiated between UE and MME. Proposed for EPS only. 


-    Option 2c   Calculation of PF/PO based on MUSIM Assistance Information which can carry either a paging policy selector in RAN or an Alternative ID (like in the solution above) or a pattern of availability (e.g. specific SFN Slots/ DRX cycles).


Option 3 Repeating paging in the RAN on consecutive POs. for MUSIM devices.


Option 4 UE Implementation-based solution to address overlapping POs (like today)
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