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[bookmark: _Toc116995841]Introduction
In the last RAN4#107 e-meeting, RAN4 discussed the aspects concerning UE requirements related to the MUSIM gaps introduced in Rel-17. 
Several agreements were reached regarding collisions between MUSIM gaps, MUSIM gaps and other gaps and the related 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. Especially, we would like to highlight following two issues which are seen as being important from feature functionality and network operations point of view:
1. MUSIM gap priority request requirements.
2. UE requirements when MUSIM gap and Type-1 gap collide.
These were discussed also earlier, and agreements related to these two issues impacts the overall feature operation.

[bookmark: _Toc116995842]Discussion
Agreements in RAN4#106, RAN4#106bis and RAN4#107
In the RAN4#106 meeting following agreements were reached [4]:
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

In the RAN4#106bis meeting following agreements were reached [3]:
Priority/usage indication on MUSIM gaps from UE side (2-1-2)
· [bookmark: _Hlk142296433]Network A assigns priority levels to all configured periodic MUSIM gaps even if UE does not indicate preferred priority for one or some periodic MUSIM gaps
On how to delivery priority/usage indication on MUSIM gaps from UE side (2-1-2-1)
· It is RAN4 understanding that the signalling design of priority levels indication/configuration for MUSIM gaps is up to RAN2 decision.
Solutions for collision between MUSIM gap and Type-2 MG (2-3-1)
· Update previous agreement “Priority-based gap collision handling introduced in concurrent gaps design can be used as a base for collisions between MUSIM gap and Type -2 MG” in R4-2220443 as the following:
· Priority-based gap collision handling rule introduced in Rel-17 MG_enh WI is reused to solve collisions between MUSIM gap and Type -2 MG.
Definition of the collision between MUSIM gaps and L1/L3 measurement resources (2-4-1)
· A L1/L3 measurement resource is considered to be fully overlapped with a periodic MUSIM gap if all of the resource instances overlap with MUSIM gap occasions in the time domain
· A L1/L3 measurement resource is considered to be partially overlapped with a periodic MUSIM gap if some but not all of the resource instances overlap with MUSIM gap occasions in the time domain
· A L1/L3 measurement resource is considered to be overlapped with an aperiodic MUSIM gap if it at least one of its resource instances overlaps with the aperiodic MUSIM gap occasion in the time domain
Priority of MUSIM against SMTC for L3/ L1 measurement (2-4-2)
· MUSIM gaps have higher priority when colliding with SMTC/SSB for L3/L1 measurement.

In the RAN4#107 meeting following agreements were reached [1]:
Solutions for collision between different MUSIM gaps (2-2-2)
· Define two solutions for collision handling between different MUSIM gaps
· 1) Priority based solution (i.e., network controls the MUSIM gaps priority)
· 2) “Keep” solution (i.e., keep all collided MUSIM gaps)
· FFS on the mechanism to select and/or switch between the solutions
Conditions when “keep solution” is used (2-2-2-1)
Focus on option 1 and option 2:
Option 1: Use priority information when UE requests MUSIM gaps to indicate when “keep solution” is used, details are FFS
Option 2: Use explicit signalling to indicate when “keep solution” is used, details are FFS
Other solutions are not precluded
Collision between SMTC and MUSIM gaps for handover and Scell activation (2-4-3)
· When MUSIM gaps are configured, UE is still required to meet Scell activation RRM requirements for NW-A. FFS whether to capture this conclusion in the specifications.
· No test case will be defined to verify this case
· FFS whether the agreement applies for handover

However, although several agreements were reached, a number of issues still remains open. In the following we continue the discussion on the open issue including the open issue which are not fully closed.

MUSIM gap priority configuration
Constraints on MUSIM gap priority configuration from NW A
107 section 2.2.3
Several proposals were discussed of which some have somehow been addressed by the agreements made in last meeting.
· Proposals
· P1: NW A maintains the same relative priorities requested by the UE; The configured priority level may or may not be the same as that requested by UE. (vivo Apple xiaomi Huawei Nokia Qualcomm MTK)
· P1-a: NW A will keep the same relative priority order indicated by a UE however when one or multiple or all MUSIM gap’s MGRP less than a threshold, NW A will not keep the relative order for those MUSIM gaps or all MUSIM gaps (vivo)
· P2: When MUSIM gaps with equal priority is allowed, if UE requests two MUSIM gaps with the same priority X and if the network configures both gaps, then both gaps must be assigned a common priority X’. X’ may or may not be equal to X. (oppo Qualcomm)
· P3: If network A cannot fulfill the priority configuration requested by UE for MUSIM gaps, it may choose not to configure one or more of the MUSIM gaps. (Qualcomm Nokia) 
· P4: When UE requesting MUSIM gap priority for all or a subset MUSIM gaps, the priority levels are different (xiaomi Nokia)
· P5: No need to discuss further constraints on MUSIM gap priority configuration for NW A. (CMCC Ericsson)
· P6: If equal priority is allowed, up two periodic MUSIM gaps can be configured with the same priority and inform such the configuration to RAN2 (oppo)
Many proposals seem to assume that priorities may end up being the same. However, RAN4 has no such agreement. We address this also in section 2.2.
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 different 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 at least follow the relative priority order indicated by the UE.
[bookmark: _Hlk142674556]If network can assign the requested MUSIM gaps, and UE has requested more than 1 MUSIM gap with different priorities, the network will follow the MUSIM gap priority, at least according to the relative order of the requested MUSIM gap priorities.
Hence, if the UE has requested more than 1 MUSIM gap with different priority, the network MUSIM gap configuration should maintain the relative order of the MUSIM priorities. If the network additionally need to allocated Type-2 gaps, priorities for Type-2 gaps can be assigned independently, but uniquely and comparable relatively to any MUSIM gaps (and MUSIM gap priorities).
How the UE selects the priorities for MUSIM gap 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.
Earlier, RAN4 has reached following agreement:
· The priority level of MUSIM gaps shall be configured to be comparable to priority level of other MGs.
Any other gap includes both Type-1 and Type-2 measurement gaps.
As addressed earlier this agreement seems to have been understood differently by companies and would need further clarification. Our reading of the agreement is that MUSIM gap priorities shall be configured such that they are comparable to the priority level of any other gap.
Any other gap includes both Type-1 and Type-2 measurement gaps. Our understanding is that ‘other gaps’ includes both Type-1 gaps and Type-2 gaps (at least).
The priorities among all configured gaps shall be comparable, including MUSIM and non-MUSIM gaps (type-1 and type-2).
Concerning the aspect whether same priority for several MUSIM gaps can be requested for multiple MUSIM gaps is still open in RAN4 and discussed in section 2.3. As long as RAN4 has no agreements on this aspect, there is no need to discuss this in connection with MUSIM gap priority configuration from NW A.

Constraints on MUSIM gap request from UE side
107 section 2.2.1. Same priority. ‘Keep’ solution (maybe own section?)
In the agreed WF [1] from RAN4#107 following proposals are listed:
· Proposals
· P1: There shall be a minimum MGRP defined for the requested MUSIM gap pattern (Nokia)
· P2: When UE requests the MUSIM gaps, the MGRP of highest priority gap should be larger than 160ms; When UE requests only one MUSIM gap, the MGRP should be larger than 80ms (Ericsson)
· P3: Do not define constraints on MUSIM gap request from UE side (Huawei vivo Qualcomm)
· P4: Network A will configure the MUSIM gap priority requested by the UE under the following conditions (Qualcomm)
· If the UE requests multiple MUSIM gaps, the MUSIM gap that the UE requests with the highest priority has MGRP larger than 160 ms.
· If the UE requests only one MUSIM gap, the MUSIM gap has MGRP larger than 80 ms.
However, before discussing these options, the aspect of ‘same priority’ is still open in RAN4. RAN4 has agreed:
· 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
· UE can optionally indicate its preferred priority for all or a subset MUSIM gaps
· Network A assigns priority levels to all configured periodic MUSIM gaps even if UE does not indicate preferred priority for one or some periodic MUSIM gaps
However, there is no agreement yet addressing the conditions related to requested priorities from the UE. 
RAN4 has been discussing and agreed that the UE may request priority for none, one or more of the requested MUSIM gaps. UE is not required to request priority for any MUSIM gaps, and the UE may also choose only to request priority for one of multiple requested MUSIM gap. 
Another aspect still being discussed, is the issue of the ‘order of the priorities’ as requested by the UE. It has been proposed that the network should not alter at least the relative priority order as requested by the UE. However, no agreement has been reached. 
Additionally, when looking at the overall picture another related aspect which needs to be discussed and decided is whether UE is allowed to request multiple MUSIM gaps with the same priority?
RAN4 has no agreement whether UE is allowed to request multiple MUSIM gaps with the same priority.
RAN4 need to decide if UE is allowed to request MUSIM gaps with same priority or not.
It is agreed that the UE may request priority for one or more MUSIM gaps. If the UE has not requested priority for a MUSIM gap network can assign a priority. In fact, RAN4 decided ‘Network A assigns priority levels to all configured periodic MUSIM gaps even if UE does not indicate preferred priority for one or some periodic MUSIM gaps’ in RAN4#106bis meeting. 
Hence, the agreements state that network assigns priority levels to all configured periodic MUSIM gaps.
[bookmark: _Hlk134605283]RAN4 need to decide if network is allowed to assign MUSIM gaps with same priority or not.
The issue of course connects with the issue of whether network shall maintain the order the UE requested priorities. We have a large number of different scenarios to handle, following scenarios, for example:
1) A UE requests 3 MUSIM gaps with 3 different priorities.
2) A UE requests 3 MUSIM gaps with priority for 2 of the 3 MUSIM gaps. The requested priorities are different.
3) A UE requests 3 MUSIM gaps with priority for 2 of the 3 MUSIM gaps (MUSIM gap #2 and #3). The requested priorities are the same.
4) A UE requests 3 MUSIM gaps with priority for 2 of the 3 MUSIM gaps (MUSIM gap #2 and #3). The requested priorities are different.
a. UE indicates ‘keep’ for MUSIM gap#1 and MUSIM gap#2
b. UE indicates ‘keep’ for MUSIM gap#2 and MUSIM gap#3
5) A UE requests 3 MUSIM gaps with priority for all 3 MUSIM gaps. The UE indicated ‘keep’ for all gaps.
(More scenarios are likely possible)
Additionally, it is unclear if handling MUSIM gaps with same priority will be supported by all UEs or only some UEs? Hence, from a network point of view, handling ‘same priority’ in addition to different priority will increase complexity. And RAN4 decided to include a solution for collision with the  ‘keep’ solution (all MUSIM gaps), which adds more complexity both when defining the requirement and in the field.
Our preference is that if the UE request priority for more than 1 MUSIM gap, each priority shall be distinct and shall not be the same priority. 
If the UE requests priority for more than 1 MUSIM gap, the MUSIM gap priorities levels shall be different.
In RAN4#107 meeting RAN4 also discussed other constraints, for example, it was discussed whether there should be a default highest priority for some certain MUSIM gaps when these MUSIM gap patterns are configured. Alternatively, when UE requests the MUSIM gaps, the MGRP of highest priority gap should be larger than 160ms.
Similarly, it was proposed that when UE requests only one MUSIM gap, the MGRP should be larger than 80ms.
In general, we recognize the reasoning behind the proposals. Our view is that such rules could in general make sense – especially the proposal that when UE requests only one MUSIM gap, the MGRP should be larger than 80ms.
This proposal is very much aligned with the discussion related to having a mandatory MUSIM gap defined or not.
One concern from network side is the complete lack of network control when considering the current UE requirements discussion. For example, it has been proposed that the UE requirements only apply provided the UE is allocated all requested MUSIM gaps. However, there is no agreement on any mandatory MUSIM gaps and there is no agreement related conditions on a reasonable/minimum MUSIM MGRP.
This causes concerns on the potential network scheduling impact due to allocating MUSIM gaps. For example, the request may be for a very dense MUSIM gap pattern while such MUSIM GP would overshoot the actual amount of gaps needed to perform enough measurement to ensure any defined UE measurement requirements related to NW-B.
Hence, we see that this discussion should be taken together with the requirements RAN4 is going to define for the measurement performed in NW-B while camped/operating in NW-A. There would need to be some balance between the UE requirements and the MUSIM gap pattern requested and assigned.
For example, it does not seem fully justifiable that the UE would request and need a MUSIM gap pattern with a 40ms periodicity for performing normal idle mode measurement and paging reception from NW-B – especially when considering that current idle mode measurement requirements are assuming much less need for measurement than every 40ms.
There shall be a minimum MGRP defined for the requested MUSIM gap pattern.
Conditions can be discussed further once the NW-B requirements a clearer. However, we expect that such minimum MRGP could be 80ms or 160ms.

Priority setting for aperiodic MUSIM gaps
The outcome of the discussion related to this issue in RAN4#107 is captured in [1]:
Note: Option 1 and 2 are agreements from GTW at RAN4 106bis
· Option 1 (CMCC xiaomi Nokia Qualcomm vivo)
· The priority level of aperiodic MUSIM gap can be configured by NW A
· If the priority level is not configured by NW A then the aperiodic MUSIM gap by default has the highest priority level 
· The aperiodic MUSIM gap priority level can be optionally requested by UE from NW A
· Option 2 (Apple ZTE oppo Huawei MTK): 
· Aperiodic MUSIM gap by default has the highest priority level.
· The gap priority level is not explicitly configured by the NW
· Option 3: The aperiodic MUSIM gap by default has the highest priority level. The priority level of aperiodic MUSIM gap can be configured by NW A (Ericsson)
Recommendations: Option 1 and 2 are agreements from RAN4 106bis. Suggest to down-select from option 1 and 2. 
In last meeting it was discussed how to handle aperiodic MUSIM gaps collisions with other gaps. In general, it seems almost all possible options have been proposed and discussed. However, we prefer to keep the overall handling of MUSIM gaps similar without any special rules for aperiodic gaps. 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.
We can also agree to following:
· The priority level of aperiodic MUSIM gap can be configured by NW A
· If the priority level is not configured by NW A then the aperiodic MUSIM gap by default has the highest priority level 
· The aperiodic MUSIM gap priority level can be optionally requested by UE from NW A

Order for applying the priority
The outcome of the discussion in RAN4#107 was [1]:
· Proposals:
· P1: when number of colliding MGs is larger than 2, collisions between gaps are resolved sequentially in order of decreasing priority, starting with the gap that has the highest priority (Apple oppo Huawei Qualcomm MTK vivo)
· P2: when number of colliding MGs is larger than 2, RAN4 to postpone multiple gap collision issue until RAN4 has a clear understanding on MUSIM gaps’ priority. (Ericsson Nokia)
· P3: When multiple gaps collide, it will be the gap with the highest priority that is used by the UE and other lower priority gaps are dropped. (Nokia)
· P4: When at most 2 gap collide at each time instance however there are consecutive collisions, the priority rule should be applied with a chronological order. (vivo)
Currently, there are multiple open issues related to priorities, collisions, ‘keep’ solution etc. in RAN4. Before RAN4 proceed with this discussion, RAN4 need to have a clearer understanding of these issue including priorities and how the priorities are used and work together. Including among other:
· Is it possible to use same priority for MUSIM gaps or not? 
· Does RAN4 introduce priority for aperiodic MUSIM gaps?
· Will there be constraints on MUSIM gap indication?
· How to address MUSM gap priorities and Type-1 gaps?
Hence, we are fine with P2 from last meeting: RAN4 to postpone multiple gap collision issue until RAN4 has a clear understanding on MUSIM gaps’ priority. Additionally, RAN4 now have to understand how the optional ‘keep’ solution works with collisions.
RAN4 to postpone multiple gap collision issue until RAN4 has a clear understanding on overall MUSIM gap priority handling and ‘keep solution’.

Further clarifications on MUSIM gap priority
In RAN4#107 the agreed WF [1] captures:
· Proposals:
· P1: The priorities among all configured gaps shall be comparable, including MUSIM and non-MUSIM gaps (Nokia)
Recommendations: This issue can be discussed under issue 2-2-2-1
However, the discussion we raised in our paper in last meeting was not only related to collision between different MUSIM gaps. It also related to collision between MUSIM gaps and non-MUSIM gaps (type-1 and type-2 gaps).
We have raised (and are still discussing) several aspects for which there are still some open aspects:
· P1: MUSIM gaps and non-MUSIM gaps cannot have same priority (Nokia)
· P2: RAN4 need to agree on enabling assignment of priority to all gaps. (Nokia)
· P3: MUSIM priority levels and other MGs priority levels shall be comparable. (Charter)
· P4: The priority rules shall be based on the gapPriority-r17 IE and the associated priority levels (16 levels defined in Rel-17). (Charter)
Non-MUSIM gaps include gaps which are not related to MUSIM. In this discussion non-MUSIM gaps refer to type-1 and type-2 gaps.
For P1, RAN4 has agreements. The UE can request MUSIM gap priorities and network can assign priorities for all MUSIM gaps even if priority is not requested for a MUSIM gap by the UE. However, type-1 handling is open.
P2, RAN4 need a solution how to handle the scenarios where either UE or network does not support Type-2 gaps, and MUSIM gaps are supported.
P3 addresses the same issue of how to account all types of measurement gaps (Type-1 and Type-2) together with MUSIM gaps and priorities.
Concerning P4 we think this is a very reasonable approach for the situations where the network and the UE supports the Rel-17 feature. 
However, we are fine discussing these aspects in relevant sections in section 2.3 (On collision between different MUSIM gaps) and 2.4 (On collision between MUSIM and legacy gaps). However, the aspects are important and cannot be ignored. 
In next section we address the issue of type-1 gaps. The discussion and proposals from RAN4#107 somehow already made some implicit assumptions on type-1 gaps.

MUSIM gaps and priority and Type-1 gaps (2-1-7)
From the current requirements it is clear that using gap priorities, as introduced in Rel-17 when concurrent gaps were introduced (Type-2 gaps), will the used to address when non-MUSIM gaps (type-2) and MUSM gaps collide.
Note: Non-MUSIM gaps here refer to any gap which is not a MUSIM gap (type-1 and type-2 gaps).
This solution is also very suitable if the UE supporting and configured with Type-2 gaps. However, this may not always be the case:
1. Network does support Type-2 gaps. UE supports, but the UE is configured with Type-1 measurement gaps.
2. If the network does not support Type-2 gaps.
3. If the UE does not support type-2 gaps.
The 1st scenario can easily be addressed by having the network to configure the UE with appropriate Type-2 gaps and MUSIM gaps – all with priorities. This of course is under the assumption that the UE support Type-2 gaps.
The 2nd scenario cannot be handled in similarly simple way. In this case the problem is that the gNB may not support Type-2 gaps feature but only MUSIM gaps. 
Additionally, it is not fully clear if a UE which support MUSIM gaps as a prerequisite shall support Type-2 gaps? If this is not a pre-requisite, then 1st scenario cannot be so easily handled by a network reconfiguration, and we have the 3rd scenario.
Hence, it seems rather clear that RAN4 must discuss how to address the MUSIM priority together with Type-1 gaps.
RAN4 must discuss how to address the MUSIM gaps and MUSIM priorities together with Type-1 gaps.
We are open to discuss different solution how to address this. Most important is that Type-1 gaps must be accounted as part of the overall MUSIM requirements discussion and solution. In the simplest way, it is specified that the UE is to prioritise Type-1 gaps if configured when also MUSIM gaps are configured. 

On collision between different MUSIM gaps
Definition of the collision between different MUSIM gaps
From our view it is important to firstly understand how RAN4 defines ‘a collision’ between different MUSIM gaps. Otherwise, it is very difficult to understand and discuss solutions for and their impact of the solutions for collisions. Hence, it will not be possible to evaluate the different solutions, based for example on their impact, and have a reasonable justification why one solution would be more suitable than another.
RAN4 need to define when collision between different MUSIM gaps occur.
Our initial preference was a relatively straight forward solution where MUSIM gaps are given unique priorities compared to type-2 gaps. In the spirit of type-2 gaps, also MUSIM gaps would be given different priorities. As an outcome the UE would be configured with MUSIM gaps and (if configured as well) type-2 gaps, all with own separate and unique priority.
However, currently RAN4 has decided to work on 2 solutions for collisions between different MUSIM gaps:
· Define two solutions for collision handling between different MUSIM gaps
1. Priority based solution (i.e., network controls the MUSIM gaps priority)
2. “Keep” solution (i.e., keep all collided MUSIM gaps)
Additionally, it is open whether same priority between different MUSIM gaps can be requested and assigned.
To discuss ‘collision’ between MUSIM gaps, RAN4 first must agree what is defined as a collision between MUSIM gaps. Last meeting provided some options:
· Option 1: The gap proximity condition for the Rel-17 concurrent gap collision should be reused for the collision between different MUSIM gap when priority rules are used to handle the collision between MUSIM gaps (CMCC Apple xiaomi ZTE oppo MTK vivo)
· Option 2: Postpone the discussion till issue 2-2-2 is stable (Huawei)
· Option 3: A collision between MUSIM gaps means a physical overlap in time domain between two MUSIM gaps and RAN4 does not define ‘proximity’ for collisions between MUSIM gaps. Considering the following cases: (Nokia)
· Fully non-overlapping MUSIM gaps: All MUSIM gaps are disjoint in time.
· Fully non-overlapping MUSIM gaps and non-MUSIM gaps: All MUSIM gaps and non-MUSIM gaps are disjoint in time.
· Fully overlapping MUSIM gaps: Every MUSIM gap occasion of one MUSIM MG pattern is fully covered by every MUSIM gap occasion of another MUSIM MG pattern.
· Fully overlapping MUSIM gaps and non-MUSIM gaps: Every MUSIM gap occasion of one MUSIM MG pattern is fully covered by every gap occasion of a non-MUSIM MG pattern.
· Fully Partial overlapped MUSIM gaps: Every MUSIM gap occasion of one MUSIM MG pattern is partially overlapped by every MUSIM gap occasion of another MUSIM MG pattern.
· Fully Partial overlapped MUSIM gaps and non-MUSIM gaps: Every MUSIM gap occasion of one MUSIM MG pattern is partially overlapped by every gap occasion of a non-MUSIM MG pattern.
· Partially fully overlapped MUSIM gaps: every gap occasion of a MUSIM MG pattern is fully overlapped by another MUSIM MG pattern with different MGRP.
· Partially fully overlapped MUSIM gaps and non-MUSIM gaps: Every MUSIM gap occasion of one MUSIM MG pattern is fully overlapped by a gap occasion of a non-MUSIM MG pattern with different MGRP.
· Partially partial overlapped MUSIM gaps: Every MUSIM gap occasion of one MUSIM MG pattern is partially overlapped with a gap occasion of another MUSIM MG pattern with different MGRP.
· Partially partial overlapped MUSIM gaps and non-MUSIM gaps: Every MUSIM gap occasion of one MUSIM MG pattern is partially overlapped with a gap occasion of a non-MUSIM MG pattern with different MGRP.
Option 1 is clear and simply copies what was RAN4 defined as collision for Rel-17 Concurrent gaps (type-2 gaps).
Option 2 is clear and suggests postponing the discussion and discuss solutions on how to solve the collisions first.
Option 3 is clear and suggest discussing not suing type-2 gaps proximity solution but instead use physical overlap between gaps.
Considering MUSIM gaps and related UE requirements is a new feature, it must also be expected that a UE which supports MUSM gaps must be able to provide certain enhancements in terms of measurement performance. It does not seem reasonable to just assume legacy performance. Reason being that this UE is designed with the MUSIM feature which is know being a feature which specifically requires additional measurement performance from the UE side. 
Hence, such UE is designed to be able to perform for example cell detection, measurements and paging reception from another network than serving network. Therefore, it does not seem reasonable assuming that there is no expectations related to UE enhancements. As minimum, one should assume that there is no need for proximity similar towhat was defined for type-2 gaps.
RAN4 does not define ‘proximity’ for collisions between MUSIM gaps.
We propose that a collision between MUSIM gaps is defined as a collision when two MUSIM gaps physically overlap in time domain – fully or partial.
Following is a simple illustration of two scenarios of collision between MUSIM gaps. Here the SMTC is the SMTC of NW-B:
1) UE has been allocated MUSIM gap#1 and MUSIM gap#2.1. There is collision between the MUSIM gaps.
2) UE has been allocated MUSIM gap#1 and MUSIM gap#2.2. There is no collision between the MUSIM gaps.
[image: ]
Figure 1Illustration of collision between MUSIM gaps
A collision between two MUSIM gaps means a full or partial overlap between the two MUSIM gaps in time domain.

Solutions for collision between different MUSIM gaps
Currently RAN4 has decided to work on 2 solutions for collisions between different MUSIM gaps:
· Define two solutions for collision handling between different MUSIM gaps
3. Priority based solution (i.e., network controls the MUSIM gaps priority)
4. “Keep” solution (i.e., keep all collided MUSIM gaps)
Our understanding of the priority-based solution is, with reference to figure 1:
· if the UE is allocated with MUSIM#0 and MUSIM gap#2.1 (where MUSIM gap#2.1 has higher priority than MUSIM gap#0), then at the collision occasions between the two allocated MUSIM gaps, the UE will drop the MUSIM#0 and keep MUSIM gap#2.1. 
Our understanding of the keep-based solution is, with reference to figure 1:
· If UE has indicated that ‘keep’ can apply for MUSIM gap#0 and MUSIM gap#2.1, and
· If the UE is allocated with MUSIM#0 and MUSIM gap#2.1, then at the collision occasions between the two allocated MUSIM gaps, the UE will not drop MUSIM#0 but keep MUSIM gap#0 and MUSIM gap#2.1.
Based on the agreements from last meeting, RAN4 will introduce both priority and keep based solutions for addressing MUSM gaps collisions.
Therefore, it needs to be clear how these solutions differ, and which solution is to be applied by the UE. We do not necessarily see that keep solution and priority based solutions are mutually exclusive, but they could both be in use simultaneously.
With reference to figure 2 we illustrate our view on the different solutions for collision between MUSIM gaps for priority based solution (including same priority for the purpose of discussion) and the keep solution. 

[image: ]
Figure 2 Illustration for the discussing priority-based and keep-based solutions.
Priority based solution: 
Different priorities for all MUSIM gaps:
UE has been allocated with MUSIM gaps #1, #2 and #3 which are all periodic MUSIM gaps. Gap#1 has priority 1 (highest), Gap#2 has priority 2 and Gap#3 has priority 3 (lowest).
1) At occasions where there is collision between gap#1 and gap#2, UE will drop MUSIM gap#2 as gap#1 has higher priority than gap#2.
2) At occasions where there is collision between gap#1 and gap#3, UE will drop MUSIM gap#3 as gap#1 has higher priority than gap#3.
When a gap is dropped, the UE is not required to perform the action otherwise scheduled to be performed within the dropped gaps.
When a gap is kept the UE will be required to perform the action scheduled to be performed within the kept gaps.
For priority-based solution without ‘same priority’, the UE selects which of the colliding MUSIM gaps to keep based on the distinct priority of the MUSIM gaps.

Same priority for MUSIM gaps #1 and #3:
UE has been allocated with MUSIM gaps #1, #2 and #3 which are all periodic MUSIM gaps. Gap#1 has priority 1 (highest), Gap#2 has priority 2 and Gap#3 has priority 1.
1) At occasions where there is collision between gap#1 and gap#2, UE will drop MUSIM gap#2 as gap#1 has higher priority than gap#2.
2) At occasions where there is collision between gap#1 and gap#3, UE will keep MUSIM gap#3 and gap#1 as gap#1 and gap#3 has same priority.
When a gap is dropped, the UE is not required to perform the action otherwise scheduled to be performed within the dropped gaps.
When a gap is kept the UE will be required to perform the action scheduled to be performed within the kept gaps. Hence, if two MUSIM overlaps and both are kept due to having same priority, the UE is required to perform the actions scheduled to be performed within the kept gaps.
For priority-based solution with ‘same priority’, the UE selects which of the colliding MUSIM gaps to keep based on the priority of the MUSIM gaps.

Keep based solution:
When keep solution is applied it means that the UE shall not drop any colliding MUSIM gaps. Hence, Keep means that the UE shall keep all MUSIM gaps, and it applies for all colliding gaps for any MUSIM gap (agreement).
UE has been allocated with MUSIM gaps #1, #2 and #3 which are all periodic MUSIM gaps. Gap#1 has priority 1 (highest), Gap#2 has priority 2 and Gap#3 has priority 1. Keep solution is configured. Note: priorities are given due to earlier RAN4 agreement although they are not used when keep solution is applied.
1) At occasions where there is collision between gap#1 and gap#2, UE will keep MUSIM gap#2 and gap#1.
2) At occasions where there is collision between gap#1 and gap#3, UE will keep MUSIM gap#3 and gap#1.
Hence, when Keep solution is used UE will keep all colliding MUSIM gaps.
When a gap is kept the UE will be required to perform the action scheduled to be performed within the kept gaps. Hence, when two MUSIM overlaps and both are kept due to keep solution, the UE is required to perform the actions scheduled to be performed within the kept gaps.
For keep-based solution, the UE keep colliding MUSIM gaps irrespective of the priority of the MUSIM gaps.

We see the keep solution and using same priority as being quite similar solutions and enables to ensure that the UE can keep overlapping MUSIM gaps. The difference is in the granularity of the drop/keep rules. When using same priority, it is applied between MUSIM gaps while keep solution applied for all colliding MUSIM gaps. If all MUSIM gaps have same priority, keep solution and priority solution seems similar.
Our preference is to use priority-based solutions for handling collisions between MUSIM gaps (for simplicity). We do see some scenarios when there would be benefits from not doing hard priority-based selection among colliding MUSIM gaps but allow UE not dropping any MUSIM gap in case of collision. For example, if the SSB occurs just before paging reception.

Conditions when “keep solution” is used
From RAN4#107 meeting following was agreed [1]:
Agreement:  
Focus on option 1 and option 2:
Option 1: Use priority information when UE requests MUSIM gaps to indicate when “keep solution” is used, details are FFS
Option 2: Use explicit signalling to indicate when “keep solution” is used, details are FFS
Other solutions are not precluded
We believe signaling details shall be left for RAN2. In RAN4 we can discuss what assistance information needs to be exchanged to enable the feature and UE requirements. For the issue of when keep solution is used and not used our view is that the UE may indicate in the MUSIM gap request to network, whether keep solution is requested (if the UE supports the keep solution). Based on the request the network can indicate to the UE if keep solution shall be used or not. 
Based on the discussion we believe a simple indication of requesting and granting using the keep solution is enough.
UE may request use of the keep solution when requesting the MUSIM gaps from the network.
Network may grant the use of the keep solution when configuring the MUSM gaps.

When priority based solution is used
RAN4 has earlier agreed:
In the RAN4#106bis meeting following agreements were reached [3]:
Priority/usage indication on MUSIM gaps from UE side (2-1-2)
· Network A assigns priority levels to all configured periodic MUSIM gaps even if UE does not indicate preferred priority for one or some periodic MUSIM gaps
Hence, priority levels are always provided for each configured periodic MUSIM gap. This means that priority-based solution is used per default unless use of keep based solution is granted by the network.
Priority-based solution is used per default unless use of keep based solution is granted by the network.

UE behavior after a MUSIM gap is dropped by using priority based rule
It is also our understanding that if a MUSIM gap is not used by the UE due to a MUSIM gap being dropped according to the defined RAN4 rules, the UE can be scheduled during the dropped MUSIM gap occasion. This would be similar behavior as agreed in Rel-17 for concurrent gaps.
A UE can be scheduled during a MUSIM gap occasion if the MUSM gap is dropped.
Hence, it is important for the network to known when a MUSM is dropped and when it is not dropped.

On collision between MUSIM and legacy gaps
Solutions for collision between MUSIM gap and Type-1 MG or any configured gap without priority
Outcome of the discussion from RAN4#107 [1]:
· Proposals
· P1: When a MUSIM gap collides with a legacy MG, requirements shall not apply if any one of the collided gaps is not assigned a priority. (vivo Apple xiaomi oppo)
· P2: MUSIM gaps are assumed to have higher priority than a Type-1 MG when either MUSIM gaps or Type-1 MG (or both) are not assigned priorities by the network. (Qualcomm)
· P3: Collision is be handled based on the MGRP of the collided gaps (vivo ZTE Ericsson Huawei MTK)
· P3-1: RAN4 to prioritize the gap with longer MGRP when: 1. Any of the collision gaps is Type-1 MG; 2. NW-A doesn’t configure a priority associated with any of the collision gaps. (vivo Ericsson Huawei MTK)
· P3-2: No requirements apply if the two gaps have same MGRP. (vivo Huawei)
· P3-3: If the MGRPs of the collided MUSIM gap and Type-1 MG are the same, then prioritize MUSIM gap only if it is configured with the highest priority level; otherwise prioritize Type-1 MG (MTK)
· P4: Introduce priority for Type-1 MG when MUSIM gaps are configured when also having Type-1 measurement gaps allocated (Nokia)
We copy here the discussion from section 2.2.6:
From the current requirements it is clear that using gap priorities, as introduced in Rel-17 when concurrent gaps were introduced (Type-2 gaps), will the used to address when non-MUSIM gaps (type-2) and MUSM gaps collide.
Note: Non-MUSIM gaps here refer to any gap which is not a MUSIM gap (type-1 and type-2 gaps).
This solution is also very suitable if the UE supporting and configured with Type-2 gaps. However, this may not always be the case:
1. Network does support Type-2 gaps. UE supports, but the UE is configured with Type-1 measurement gaps.
2. If the network does not support Type-2 gaps.
3. If the UE does not support type-2 gaps.
The 1st scenario can easily be addressed by having the network to configure the UE with appropriate Type-2 gaps and MUSIM gaps – all with priorities. This of course is under the assumption that the UE support Type-2 gaps.
The 2nd scenario cannot be handled in similarly simple way. In this case the problem is that the gNB may not support Type-2 gaps feature but only MUSIM gaps. 
Additionally, it is not fully clear if a UE which support MUSIM gaps as a prerequisite shall support Type-2 gaps? If this is not a pre-requisite, then 1st scenario cannot be so easily handled by a network reconfiguration, and we have the 3rd scenario.
Based on this status we have some concerns on proposed solutions proposed in RAN4#107:
P1: Type-1 gaps cannot be assigned a priority and hence this proposal means that in case any MUSM gap collides with any Type-1 gap there will be no UE requirements. It is not fully clear which ‘requirements’ P1 refers to. However, we do not see it uncommon that Type-1 will have to be used together with MUSIM gaps and fully avoiding any collisions between type-1 gaps and MUSIM seems very difficult in practice. Hence, we have concerns on P1.
P2: This proposal, as type-1 gaps cannot be assigned a priority, de facto means that MUSIM gaps will always have the highest priority. Hence, we have concerns on P2.
P3: It is not clear exactly how this would work if the type-1 MGRP is 40ms and the MGRP of the periodic MUSIM gap is 40ms except P3-2 may then apply. Not having any requirements applied is a concern. Alternative is P3-3. But when MGRP is the is the same this would mean that MUSIM gaps would be highest priority. Hence, we have concerns on P3 in general.
Introduce priority for Type-1 MG when MUSIM gaps are configured when also having Type-1 measurement gaps allocated.

On collision between MUSIM gaps and NW A signals
Collision between SMTC and MUSIM gaps for handover and Scell activation
In RAN4#107 some progress was made on this topic:
Agreements
· When MUSIM gaps are configured, UE is still required to meet Scell activation RRM requirements for NW-A. FFS whether to capture this conclusion in the specifications.
· No test case will be defined to verify this case
· FFS whether the agreement applies for handover
Hence, one aspect related to HO is still open. 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 Handover (and agreed for 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.

[bookmark: _Toc116995848]Conclusion
Several agreements were reached regarding collisions between MUSIM gaps, MUSIM gaps and other gaps and the related 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. Based on the discussion we have following proposals:
Constraints on MUSIM gap priority configuration from NW A
1. If network can assign the requested MUSIM gaps, and UE has requested more than 1 MUSIM gap with different priorities, the network will follow the MUSIM gap priority, at least according to the relative order of the requested MUSIM gap priorities.
1. If the network cannot fulfill the UE priority requests the network may chose not to assign the requested MUSIM gaps.
1. The priorities among all configured gaps shall be comparable, including MUSIM and non-MUSIM gaps (type-1 and type-2).
Constraints on MUSIM gap request from UE side
1. RAN4 has no agreement whether UE is allowed to request multiple MUSIM gaps with the same priority.
RAN4 need to decide if UE is allowed to request MUSIM gaps with same priority or not.
RAN4 need to decide if network is allowed to assign MUSIM gaps with same priority or not.
If the UE requests priority for more than 1 MUSIM gap, the MUSIM gap priorities levels shall be different.
There shall be a minimum MGRP defined for the requested MUSIM gap pattern.
Priority setting for aperiodic MUSIM gaps
For aperiodic MUSIM gaps: UE may request, and network may assign a priority for an aperiodic MUSIM gap.
Order for applying the priority
RAN4 to postpone multiple gap collision issue until RAN4 has a clear understanding on overall MUSIM gap priority handling and ‘keep solution’.
MUSIM gaps and priority and Type-1 gaps
RAN4 must discuss how to address the MUSIM gaps and MUSIM priorities together with Type-1 gaps.
Definition of the collision between different MUSIM gaps
RAN4 need to define when collision between different MUSIM gaps occur.
RAN4 does not define ‘proximity’ for collisions between MUSIM gaps.
A collision between two MUSIM gaps means a full or partial overlap between the two MUSIM gaps in time domain.
Solutions for collision between different MUSIM gaps
For priority-based solution without ‘same priority’, the UE selects which of the colliding MUSIM gaps to keep based on the distinct priority of the MUSIM gaps.
For priority-based solution with ‘same priority’, the UE selects which of the colliding MUSIM gaps to keep based on the priority of the MUSIM gaps.
For keep-based solution, the UE keep colliding MUSIM gaps irrespective of the priority of the MUSIM gaps.
Conditions when “keep solution” is used
UE may request use of the keep solution when requesting the MUSIM gaps from the network.
Network may grant the use of the keep solution when configuring the MUSM gaps.
When priority based solution is used
Priority-based solution is used per default unless use of keep based solution is granted by the network.
UE behavior after a MUSIM gap is dropped by using priority based rule
A UE can be scheduled during a MUSIM gap occasion if the MUSM gap is dropped.
Solutions for collision between MUSIM gap and Type-1 MG or any configured gap without priority
Introduce priority for Type-1 MG when MUSIM gaps are configured when also having Type-1 measurement gaps allocated.
Collision between SMTC and MUSIM gaps for handover and Scell activation
Follow existing principles related to collision between MUSIM gaps and SMTC for RRM procedures, e.g. handover.
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