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[bookmark: _Toc116995841]Introduction
In the last RAN4 meeting in Athens, RAN4 discussed the aspects concerning UE requirements related to the MUSIM gaps introduced in Rel-17. 
A number of agreements were reached regarding collisions between gaps and priority rules. The RAN4 agreements are captured in [1] which also capture a number of open aspects to be discussed further.
We will address these open issues further in this paper.

[bookmark: _Toc116995842]Discussion
Agreements in RAN4#106
In the last meeting RAN4 made following agreements [1]:
On introduction of priority for MUSIM gaps (2-1-1)
· The priority level of MUSIM gaps shall be configured to be comparable to priority level of other MGs
· MUSIM gap and Type-2 gap cannot be configured with the same priority
· The priority level of MUSIM gaps should be configured/allocated by NW A
Priority/usage indication on MUSIM gaps from UE side (2-1-2)
· UE can optionally indicate its preferred priority for all or a subset MUSIM gaps
· It is up to NW A on how to use this information
MUSIM gap priority configuration (2-1-3)
· The priority level of MUSIM gaps should be configured/allocated by NW A
Solutions for collision between MUSIM gap and Type-2 MG (2-3-1)
· Gap sharing will not be considered for the collision between MUSIM gaps and Type-2 gaps.
Collision between SMTC and MUSIM gaps for handover and Scell activation (2-4-3)
· FFS on collision between SMTC and MUSIM gaps for handover and SCell activation
However, although several agreements were reached, a number of issues still remains open. Additionally, the agreements remain unclear to some extend and some further clarifications are needed.


Clarifications on MUSIM gap priority configuration
Concerning the introduction of priority for MUSIM gaps (issue 2-1-1), RAN 4 reached agreements which means that any MUSIM gap priority shall be comparable to any priority level on other gaps – which we now refer to as non-MUSIM gaps.
[bookmark: _Hlk132034770]MUSIM gaps and non-MUSIM gaps priorities are always comparable.
Our understanding is that this means that MUSIM gaps and non-MUSIM gaps cannot have same priority. It was already agreed that MUSIM gap and Type-2 gap cannot be configured with the same priority and we propose this to be general rule.
[bookmark: _Hlk132034795]MUSIM gaps and non-MUSIM gaps cannot have same priority.
This of course opens the discussion about measurement gaps which currently cannot be assigned any priority. We suggest a simple solution to this issue – namely enabling assignment of priority to such gaps, for example Type-a gaps.
RAN4 need to agree on enabling assignment of priority to all gaps.
Another issue to address is linked to the agreement:
· UE can optionally indicate its preferred priority for all or a subset MUSIM gaps
As discussed, a bit last meeting, the open issue is now which priority the remaining MUSIM gaps should or could be assigned. In our view, as the UE has no special preference, assignment of priority to requested MUSM gaps with priority preference, would be left for network operations.
If a MUSIM gap has been requested without priority indication network can assign a suitable priority.
Additionally, it needs to be clear that when a UE requests priorities for more than 1 MUSIM gap, such priorities cannot be the same.
If the UE requests priority for more than 1 MUSIM gap, priorities cannot be the same.
Following we address some of the open issues from last meeting one by one.

Constraints on MUSIM gap priority configuration from NW A (issue 2-1-4)
Several proposals were discussed of which some have somehow been addressed by the agreements made in last meeting.
For MUSIM gaps the priority can be indicated by the UE when the UE requests MUSIM gaps. If the network allocates the requested MUSIM gaps, we have at least two scenarios:
1) UE has indicated priorities for all requested MUSIM gaps
2) UE has indicated priority only for some of the requested MUSIM gaps
For the first scenario it seems straight forward that the network at least follows the priority order requested by the UE. Hence, the network can select to follow the priority request strictly or the network can select to follow the relative MUSIM gap priority. However, the network should follow the relative priority order indicated by the UE.
If network can assign the requested MUSIM gaps, and UE has requested more than 1 MUSIM gap with priority, the network will follow the MUSIM gap priority, at least according to the relative order of the requested MUSIM gap priorities.
How the UE selects the MUSIM gap priority can be left for UE implementation in Rel-18. If the network cannot fulfill the UE priority request the network may chose not to assign any MUSIM gaps.
If the network cannot fulfill the UE priority requests the network may chose not to assign the requested MUSIM gaps.

Priority setting for aperiodic MUSIM gaps (2-1-5)
In last meeting it was discussed how to handle aperiodic MUSIM gaps collisions with other gaps. In general, it seems almost all possible options were proposed. However, we prefer to keep the overall handling of MUSIM gaps similar without any special rules. We propose to handle aperiodic using priority – just like any other MUSIM gap – and prefer that the UE requests and network assigns a priority for an aperiodic MUSIM gap.
For aperiodic MUSIM gaps: UE may request and network may assign a priority for an aperiodic MUSIM gap.

On collision between different MUSIM gaps
Definition of the collision between different MUSIM gaps (2-2-1)
It was discussed if and how to define collisions between MUSIM gaps in the last meeting. Our understanding is that it is the UE which requests MUSIM gaps. Hence, the UE shall not request any MUSIM gaps which are closer together than the UE can process the action performed within the MUSIM gap prior to the following requested MUSIM gap. Hence, a collision between MUSIM gaps is a physically overlap in time domain.
A collision between MUSIM gaps means a physical overlap in time domain between two MUSIM gaps.
There is no need to define ‘proximity’ as RAN4 defined for concurrent gaps.
RAN4 does not define ‘proximity’ for collisions between MUSIM gaps.
For more discussion we also overlapping issues in general under issue 2-4-1 in section 2.5.1 where we have copied a figure used also during discussions related to overlapping scenarios for concurrent measurement gaps.

Solutions for collision between different MUSIM gaps (2-2-2)
UE can be configured with up to 3 different periodic MUSM gaps and 1 aperiodic MUSIM gap. 
In general, we see that applying priorities to the different MUSIM gaps will address collisions between different MUSIM gaps. Hence, any MUSIM gaps collision as described in 2.3.1 are addressed using priority rules.
There is, however, the special case where a UE is allocated an aperiodic MUSIM which collides with periodic MUSIM gaps on the same NW B carrier, The UE actions during the MUSIM gaps could, most likely, in some scenarios be executed in parallel. In such scenario there may not be a need to literally prioritize the aperiodic MUSIM gap over the periodic MUSIM gap, but UE may be able to keep both.  
However, the specific conditions for such behavior would need to well defined, as otherwise the network will not be able to know the UE behavior. For example, if the UE can perform measurements on a network B carrier using a periodic MUSIM gap while performing SIB reception using an aperiodic MUSIM gap - which we see as one valid scenario – it would be important for the network to know, if the aperiodic MUSIM gap is dropped due to colliding with a periodic MUSIM gap. Similar example was discussed in last meeting related to paging.
Hence, by giving the aperiodic MUSIM gap the highest priority among the MUSIM gaps, would mean that the UE would always apply the aperiodic MUSIM gap. However, the UE would not drop the periodic MUSIM gaps under certain conditions.
We see benefits of both having a simple priority solution but then also the benefit of not dropping ‘gap’ which may not be necessary to drop. Hence, we think this may need more discussions in terms of the actual benefits.
UE shall under defined conditions not drop a colliding MUSIM gap of lower priority, provided the UE perform all actions related to the colliding MUSIM gaps of higher priority or priorities.
RAN4 will then have to define these conditions.
RAN4 shall define the conditions when colliding MUSIM gaps of lower priority are not dropped.

Conditions on “keep solution” is used during collision between different MUSIM gaps (2-2-3)
We see that following conditions could be used for when a lower priority MUSIM gaps is not dropping if colliding with a higher priority aperiodic MUSIM gap:
· Higher priority aperiodic MUSIM gap:
· Lower priority periodic MUSIM gap is used for measurements 
· Lower priority periodic MUSIM gap is used for paging reception
However, the definition of collision between MUSIM gaps needs to be defined before agreement on the keep solution and conditions are to be agreed.
Definition of colliding MUSIM gaps must be defined before agreement on the keep solution and related conditions can be agreed.

On collision between MUSIM and legacy gaps
Solutions for collision between MUSIM gap and Type-1 MG or gap configured without priority (2-3-2)
Initially, we think RAN4 would need to discuss introducing priority for Type-1 MG when considering configuration of MUSIM gaps while also having Type-1 measurement gaps allocated. Having a priority for the Type-1 MGs will ensure that MUSIM gaps can also be used in network nodes which do not support Type-2 MGs.
Introduce priority for Type-1 MG when MUSIM gaps are configured when also having Type-1 measurement gaps allocated.
Having a fixed priority for MUSIM which is always higher than Type-1 MG is rather limiting from system point of view and may lead to increased complexity in use of MUSIM gaps together with Type-1 MGs.

On collision between MUSIM gaps and NW A signals
Definition of the collision between MUSIM gaps and L1/L3 measurement resources (2-4-1)
The discussion on this topic relates to two aspects:
· How is ‘partially’ overlapped defined
· How is ‘fully’ overlapped defined
Hence, it addresses whether RAN4 considers a single gap collision occasion or whether it addresses the gap pattern. This discussion resembles somehow the discussion RAN4 had during the concurrent measurement gap discussion. During discussing concurrent measurement gaps RAN4 used following figure to illustrate the different scenarios:
[image: ]
As discussed in section 2.3 we propose that RAN4 does not define proximity when discussing collisions between MUSM gaps. 
For MUSM gaps, it is the UE which request one or more MUSIM gaps. Network allocates the requested MUSIM gaps and there is as such not any flexibility for network to change the requested MUSIM gaps – except maybe changing the priority. This approach leads to a very inflexible approach concerning assigning MUSIM gaps. This is inflexibility is additionally fueled by not having any mandatory MUSIM gaps defined. 
Hence, as the network has no flexibility in changing the requested MUSIM gaps, it is up to UE responsibility not to request any MUSIM gaps which cannot be applied directly without additional special proximity rule. Hence, the UE is responsible for accounting any ‘proximity’ needs when the UE requests the MUSIM gaps. 
Hence, we suggest following:
RAN4 does not define proximity for MUSIM gaps and NW A signals.
Collision between MUSIM gaps and NW A signals is an overlap in time domain.
Fully overlapping MUSIM gaps and network A signals is defined as: FO or FPO.
Partially overlapping MUSIM gaps and network A signals is defined as: PFO or PPO.

Priority of MUSIM against SMTC for L3/ L1 measurement (2-4-2)
In the last meeting RAN4 discussed how to treat MUSIM gaps when they collide with SMTC for L1 or L3 measurements. In general, 3 different proposals were made:
1) Handle such collision in the same way as collisions between L3/L1 measurement resources and measurement gaps.
2) RAN4 shall optimize between MUSIM gaps and SMTC/L1 in NW A.
3) RAN4 to consider other options than only having a fixed MUSIM priority over SMTC, and other L3/ L1 measurement resources.
Applying the same rule for MUSIM gaps as is currently applied for measurements gaps would be the cleanest design solution and perhaps also the most logical solution. In one sense it can be clamed that if the requested MUSIM gaps cause too large negative impact on NW-A measurements, the network can remove the allocated MUSIM gaps.
Handle such collision in the same way as collisions between L3/L1 measurement resources and measurement gaps.
Such solution would likely be suitable assuming UEs requests MUSIM gaps which also ensure that if allocated the performance of NW-A is insured. Hence, requesting a very dense MUSIM gap pattern may cause negative impact on NW-A performance. We suggest to further investigate if there is a need to consider special options if UE requests only very dense MUSIM gaps which can be predicted to harm UE performance in NW-A as an alternative to only having the option of de-configuring or not allocating the requested MUSIM gaps. 
RAN4 to consider other options than only having a fixed MUSIM priority over SMTC, and other L3/ L1 measurement resources, when UE requests very dense MUSIM gaps.

Collision between SMTC and MUSIM gaps for handover and Scell activation (2-4-3)
Our preference for this aspect is to follow existing rules related to measurement gaps and requirements. Hence, in general the UE requirements do not address the impact of a measurement gap on for example SCell activation. We believe a reasonable implementation will handle these scenarios in a reasonable manner.
Follow existing principles related to collision between MUSIM gaps and SMTC for RRM procedures, e.g. handover and SCell activation.

[bookmark: _Toc116995848]Conclusion
A number of agreements were reached regarding collisions between gaps and priority rules captured in [1] which also capture a number of open aspects to be discussed further. In this paper we have addressed these open issues.
Based on the discussion we make an observation and propose following:
1. MUSIM gaps and non-MUSIM gaps priorities are always comparable.

1. MUSIM gaps and non-MUSIM gaps cannot have same priority.
1. RAN4 need to agree on enabling assignment of priority to all gaps.
1. If a MUSIM gap has been requested without priority indication network can assign a suitable priority.
1. If the UE requests priority for more than 1 MUSIM gap, priorities cannot be the same.
1. If network can assign the requested MUSIM gaps, and UE has requested more than 1 MUSIM gap with priority, the network will follow the MUSIM gap priority, at least according to the relative order of the requested MUSIM gap priorities (2-1-4).
1. If the network cannot fulfill the UE priority requests the network may chose not to assign the requested MUSIM gaps (2-1-4).
1. For aperiodic MUSIM gaps: UE may request and network may assign a priority for an aperiodic MUSIM gap (2-1-5).
1. A collision between MUSIM gaps means a physical overlap in time domain between two MUSIM gaps (2-2-1).
1. RAN4 does not define ‘proximity’ for collisions between MUSIM gaps (2-2-1).
1. UE shall under defined conditions not drop a colliding MUSIM gap of lower priority, provided the UE perform all actions related to the colliding MUSIM gaps of higher priority or priorities (2-2-2).
1. RAN4 shall define the conditions when colliding MUSIM gaps of lower priority are not dropped (2-2-2).
1. Definition of colliding MUSIM gaps must be defined before agreement on the keep solution and related conditions can be agreed (2-2-3).
1. Introduce priority for Type-1 MG when MUSIM gaps are configured when also having Type-1 measurement gaps allocated (2-3-2).
1. RAN4 does not define proximity for MUSIM gaps and NW A signals (2-4-1).
1. Collision between MUSIM gaps and NW A signals is an overlap in time domain (2-4-1).
1. Fully overlapping MUSIM gaps and network A signals is defined as: FO or FPO (2-4-1).
1. Partially overlapping MUSIM gaps and network A signals is defined as: PFO or PPO (2-4-1).
1. Handle such collision in the same way as collisions between L3/L1 measurement resources and measurement gaps (2-4-2).
1. RAN4 to consider other options than only having a fixed MUSIM priority over SMTC, and other L3/ L1 measurement resources, when UE requests very dense MUSIM gaps (2-4-2).
1. Follow existing principles related to collision between MUSIM gaps and SMTC for RRM procedures, e.g. handover and SCell activation (2-4-3).
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