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Abstract: This contribution proposes to proceed with explicit MUSIM capabilities only.

1 
Introduction

Discussions in SA2#144E on handling of MUSIM UE/NW capabilities focused on two alternatives:

1)
UE providing a "MUSIM mode" indication and the network responding with supported/preferred capabilities, following which the UE adjusts its behavior

2)
UE providing its MUSIM capabilities explicitly with the network responding with supported capabilities among these.

Both alternatives apply under the exact same condition i.e.

-
the UE being registered or intending to register with another USIM in this or another PLMN and by the UE intending to use one or more MUSIM capabilities in this PLMN. 

A clear preference for alternative 2) was expressed.

This contribution discusses the above and recommends a way forward.

2
Background

2.1
MUSIM Capabilities

MUSIM capabilities include: 

a)
Connection release (aka "leaving")

b)
Paging cause for voice

c)
Reject paging request (aka "NAS busy”)

d)
Paging restrictions

e)
IMSI offset (EPS), [GUTI offset (5GS)]

UE (resp. network) knowledge of the network (resp. UE) capability is as shown in the table below:

Table 2.1-1: UE/Network Capability exchange

	Capability
	UE knowledge of network support
	Network knowledge of UE support

	a) Connection Release
	Required
	Preferred (see NOTE 1)

	b) Paging Cause for Voice
	Required
	Required

	c) Reject Paging Request
	Required
	Preferred (see NOTE 1)

	d) Paging Restrictions
	Required
	Preferred (See NOTE 1)

	e) IMSI offset (EPS)
  [GUTI offset (5GS)]
	Required (See NOTE 2)
	Not needed (see NOTE 3)

	NOTE 1:
This may help the network decide whether to use b) or c)+d) e.g. when the UE supports b) and c) but not a) 
NOTE 2:
According to the agreed architecture assumption in TR 23.761 the UE should not initiate a MUSIM procedure that is not supported: "MUSIM features requiring new UE-network interactions are optional, hence the UE may use MUSIM features requiring new UE-network interactions in one PLMN when it has learnt that this PLMN supports these MUSIM features."
It should be noted as well that UE initiation of TAU/MRU (without offset) under identification of a collision risk only needs to be allowed as this is a normal procedure.

NOTE 3:
UE-triggered procedure i.e. the supporting network will know the UE support when the procedure is triggered by the UE. 


2.2
MUSIM mode indication

The MUSIM mode indication tells the network the UE is under the above condition and supports one or more of a) ~ e) above without explicitly indicating which.

The network responds to a MUSIM mode indication with which of a) ~ e) it supports. The UE may then only use the common denominator capabilities.

However, it is worth noting that there may be a capability mismatch i.e. no common denominator between the supported UE and network capabilities. In this case, although the network assumes the UE operate in MUSIM mode, the UE effectively does not. Unless b) is mandated for MUSIM UEs (supporting voice), this mismatch is problematic as the network could be issuing voice paging unnecessarily – however this does not prevent the UE receiving paging in this case. Alternatively, this may mean voice paging is never actually used.

Observation 1: MUSIM mode indication is not a guarantee that the UE does operate in MUSIM mode as the UE and network capabilities can mismatch. This is problematic for voice paging as the network could be issuing voice paging unnecessarily – however this would not prevent the UE receiving paging in this case. But this problem might lead to not using voice paging at all.

Observation 2: the problem identified in Observation 1 could be addressed by mandating MUSIM UEs supporting voice to also support voice paging. 

It was proposed in SA2#144E that the network could respond to a MUSIM mode indication with which of a) ~ d) it supports and among those which it prefers to use (S2-2102708, S2-2102731). The UE may then only use the common denominator capabilities, but within those, if a capability x is preferred over capability y, use only capability x except if the UE only supports capability y in which case it uses capability y. This additional complexity (UE and network) and signalling originate from the network not knowing what the UE exactly supports and therefore needing to cater for different possible combinations of UE capabilities. This proposal still does not solve the problem of unnecessary sending the Paging Cause over Uu.

Observation 3: Network preferences requires additional UE and network complexity and associated (DL) signalling as the network does not know what the UE supports and thus needs to cater for different possible combinations of UE capabilities.

2.3
Explicit capabilities

The use of explicit capabilities, contrary to the MUSIM mode indication is fully deterministic:

-
The UE indicates its capabilities to the network and the network responds with which of these it supports (or more precisely, which of these it allows the UE to use).

This requires of course signalling additional fields by the UE compared to a MUSIM mode indication, however this is clearly not a showstopper. Further, this approach avoids the problem encountered with using only a MUSIM mode indication (Observation 1). It is also simpler for the UE than operating network preferences, while keeping the behaviour fully deterministic for both the UE and the network.

Observation 4: using explicit capabilities requires signalling additional fields by the UE compared to a single MUSIM mode indication (in the same message) however this avoids the issue with Observation 1 while also being a simpler approach altogether, with a deterministic outcome.
3
Proposal

In view of the above observations 1 ~ 4 it is proposed to proceed with explicit capabilities as this approach offers a clearly deterministic UE and network behaviour and no associated issue wrt voice paging, unlike with a MUSIM mode indication.

Proposal 1: Proceed with explicit MUSIM capabilities.

With Proposal 1 there is no need to provide a separate MUSIM mode indication, this would be completely redundant. The MUSIM mode indication in this case is implicit through explicit MUSIM capabilities.

Proposal 2: No separate MUSIM mode indication is introduced on top of Proposal 1.

4
Conclusions

Observation 1: MUSIM mode indication is not a guarantee that the UE does operate in MUSIM mode as the UE and network capabilities can mismatch. This is problematic for voice paging as the network could be issuing voice paging unnecessarily – however this would not prevent the UE receiving paging in this case. But this problem might actually deter from using voice paging altogether.

Observation 2: the problem identified in Observation 1 could be addressed by mandating MUSIM UEs supporting voice to also support voice paging. 

Observation 3: Network preferences requires additional UE and network complexity and associated (DL) signalling for the network does not know what the UE supports and thus needs to cater for different possible combinations of UE capabilities.

Observation 4: explicit capabilities requires signalling additional fields by the UE compared to a single MUSIM mode indication (in the same message) however this avoids the issue with Observation 1 while also being a simpler approach altogether, with a deterministic outcome.

Proposal 1: Proceed with explicit MUSIM capabilities only.

Proposal 2: No separate MUSIM mode indication is introduced on top of Proposal 1.

Corresponding CRs are in 
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