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Introduction
In RAN#95-e, a revised WID [1] on Rel-18 MUSIM is approved. One objective of the WI is to define RRM requirements for Rel-17 MUSIM gaps. 
	2. Define RRM requirements for Rel-17 MUSIM gaps [RAN4, RAN2]
· Define RRM requirements for Rel-17 MUSIM gaps [RAN4, RAN2]
· The following MUSIM gap requirements are considered 
· Measurements in Network A
· Measurements in Network B in RRC idle/inactive
· Note: it is up to RAN4 decision whether to define requirements for Network B.
· Identify and specify, if needed, solutions for MUSIM gap collision handling for the following cases [RAN4, RAN2]
· Case 1: Collisions between MUSIM gap and legacy measurement gap (i.e., Rel-15 to Rel-17 measurement gaps)
· Case 2: Collisions between MUSIM gap and SMTC
· Case 3: Collisions between different MUSIM gaps
· Note: RAN2 work can be triggered by RAN4 LS only, if needed
· Identify impacts on L1 measurements, RLM/BFD and L3 measurements and specify corresponding UE requirements, if necessary, when MUSIM gap(s) are configured, for the following scenarios [RAN4]
· Only MUSIM gap(s) are configured
· MUSIM gap(s) and legacy measurement gap are configured
· Note: requirements are applicable to MUSIM gaps defined in Rel-17 MUSIM WI (LTE_NR_MUSIM) 


In this paper we will provide our initial views on RRM requirements for Rel-17 MUSIM gaps.
Discussion
Gap collision handling
One key aspect for defining RRM requirements for Rel-17 MUSIM gaps is the gap collision handling, which will determine whether a specific gap occasion is applied or dropped. In [1], 3 collision scenarios are identified as follow, and in the next we will discuss how to handle the collision in each case.
· Case 1: Collisions between MUSIM gap and legacy measurement gap (i.e., Rel-15 to Rel-17 measurement gaps)
· Case 2: Collisions between MUSIM gap and SMTC
· Case 3: Collisions between different MUSIM gaps
Case 1 (Collisions between MUSIM gap and legacy measurement gap)
In Rel-17 MG enhancement WI, RAN4 defined collision handling for two legacy MGs based on priority rule, i.e. when two MGs occasions collide, UE is required to only measure in the occasion of the MG with higher priority, and is expected to drop the occasion of the MG with lower priority. The Rel-17 concurrent MG requirements apply under the condition that two colliding MGs are configured with different priorities.
In our view, the characteristic of MUSIM gap is same as legacy MG, i.e. the MUSIM gap cannot be a pre-MG or an NCSG, so it is straightforward to re-use the priority rule as defined for Rel-17 concurrent MGs to address the collision between MUSIM gap and other MGs.
· If a MUSIM gap collides with a legacy MG, the priority rule can be re-used directly.
· If a MUSIM gap collides with a pre-MG or an NCSG, the conclusion from Rel-18 feMG WI (one objective is to support joint working of pre-MG, concurrent MGs and NCSG) can be re-used.
Proposal 1: For collisions between MUSIM gap and legacy measurement gap (i.e. Rel-15 to Rel-17 measurement gaps), re-use the priority rule as defined for Rel-17 concurrent MGs.
It is noted that based on Rel-17, multiple MGs can be already configured for NW A RRM measurement, and it was agreed to consider up to 2 priorities because in the same FR the number of MGs that may collide is up to 2. With MUSIM gaps, the number of colliding gaps can go beyond 2. 
When more than 2 gaps are colliding, the priority rule can still be used, but RAN4 has to discuss the order for applying the priority. Similar issue has been discussed in RAN4#103-e for concurrent MGs in Issue 2-2-2 in [2], and RAN4 can consider the options from that discussion for handling Case 1.
Proposal 2: For collisions between MUSIM gap and legacy measurement gap (i.e. Rel-15 to Rel-17 measurement gaps), RAN4 to discuss the order for applying the priority when number of colliding MGs is larger than 2.
Case 2 (Collisions between MUSIM gap and SMTC)
For MG configured for RRM measurement, the basic principle is that the MG will take highest priority, i.e. UE is not required to receive any signals or channels other than the RS for measurement. As a result, in the MG occasions, UE is not expected to perform measurement that is supposed to be performed outside MG. The measurement to be performed outside MG includes L1 measurement and some of the L3 measurement.
In our view, when NW A configures MUSIM gaps based on UE requests, MUSIM gaps should be same as legacy MG from NW A measurement perspective. Therefore, when MUSIM gap collides with measurement outside MG, e.g. RS for L1 measurement or SMTC for L3 measurement, the MUSIM gap should apply, and the L1 or L3 measurement resources can be dropped. 
Proposal 3: For collisions between MUSIM gap and measurement outside MG (including both L1 and L3), MUSIM gap should apply, and the L1 or L3 measurement resources colliding with MUSIM gaps are dropped. 
Case 3 (Collisions between different MUSIM gaps)
For Case 3, the priority rule as defined for Rel-17 concurrent MGs can be also re-used as baseline, i.e. when multiple MUSIM gaps collide, UE is only supposed to keep the one with highest priority, and the other MUSIM gaps are dropped. 
However, there can be some differences between Rel-17 concurrent MGs and MUSIM gaps. For concurrent MGs, all the MGs are configured by NW A, and NW A can well determine the priority for each MG based on the measurement purpose. On the other hand, MUSIM gaps are based on UE requests, and it may be difficult for NW A to determine the priority between different MUSIM gaps, so we may need to consider the scenario where MUSIM gaps are configured with same priority.
It is noted that the Rel-17 requirements for concurrent MGs provided that colliding MGs are configured with different priorities, so RAN4 may need to define other solutions if the scenario where MUSIM gaps have same priority is to be addressed. 
Proposal 4: For collisions between MUSIM gaps, re-use the priority rule as defined for Rel-17 concurrent MGs as baseline. FFS whether and how to address the scenario where MUSIM gaps are of same priority is considered.
Requirements for measurements in NW A
The measurements configured by NW A include L3 measurement outside MG, L3 measurement within MG and L1 measurement. In Rel-17, the requirements have been defined for all of them with concurrent MGs.
· For L3 measurement outside MG, scaling factor Kp is defined as follows.
	When UE supports concurrentMeasGap-r17 and is configured with concurrent measurement gaps,
	Kp is the scaling factor for an SSB frequency layer to be measured without measurement gaps. Kp = Ntotal / Navailable, where Navailable and Ntotal are calculated as follows:
-	For a window W of duration max(SMTC period,  MGRP_max), where MGRP max is the maximum MGRP across all configured per-UE measurement gap and/or per-FR measurement gap within the same FR as the SSB frequency layer, and starting from the beginning of any SMTC occasion: 
-	Ntotal is the total number of SMTC occasions within the window, including those overlapped with measurement gap occasions within the window, and
-	Navailable is the number of SMTC occasions that are not overlapped with any non-dropped MG occasion within the window W, after accounting for measurement gap collisions by applying the measurement gap collision rule in section 9.1.2B.3.
	Kp = 1 when Navailable = 0.


· For L3 measurement within MG, scaling factor Kgap is defined as follows.
	Kgap is the scaling factor for a SSB frequency layer to be measured within an associated measurement gap pattern. Kgap = 1 when the UE is not configured with concurrent measurement gaps or not supporting [concurrent measurement gaps]. Otherwise, Kgap = Ntotal / Navailable, where Navailable and Ntotal are calculated as follows:
	For a window W of duration max(SMTC period,  MGRP_max), where MGRP max is the maximum MGRP across all configured per-UE measurement gap and per-FR measurement gap within the same FR as the SSB frequency layer, and starting from the beginning of any SMTC occasion: 
--	Ntotal is the total number of SMTC occasions that are covered by instances of the associated measurement gap within the window W, including those overlapped with other measurement gap occasions within the window, and
	Navailable is the number of SMTC occasions that are covered by instances of the non-dropped associated measurement gap within the window W after accounting for measurement gap collisions by applying the measurement gap collision rule in section 9.1.2B.3.
	When concurrent measurement gaps are configured, requirements in this clause do not apply if Navailable =0.


· For L1 measurement, scaling factor P is defined as follows.
	-	P value for SSB resource to be measured is defined as
-	Ntotal / Noutside_MG in FR1
-	Psharing factor * Ntotal / Noutside_MG in FR2 with Navailable = 0
-	Ntotal / Navailable in FR2 with Navailable > 0
-	For a window W of duration max(TL1,  MGRP_max), where MGRP max is the maximum MGRP across all configured per-UE measurement gaps and per-FR measurement gaps within the same FR as serving cell, and starting at the beginning of any SSB resource occasion: 
-	Ntotal is the total number of SSB resource occasions within the window, including those overlapped with measurement gap occasions or SMTC occasions within the window, and
-	Noutside_MG is the number of SSB resource occasions that are not overlapped with any measurement gap occasion within the window W
-	Navailable is the number of SSB resource occasions that are not overlapped with any measurement gap occasion nor any SMTC occasion within the window W
-	TL1 is periodicity of the target SSB.


It can be seen that the scaling factor is defined based on a ‘counting’ approach, i.e. the ratio between total number of measurement occasions in a certain period and the available number of measurement occasions after applying MG collision handling. 
In our view, the ‘counting’ approach is quite generic, and can be re-used for defining the requirements for all kinds of measurements configured by NW A, no matter if legacy MG is configured with MUSIM gap or not.
Proposal 5: For measurements configured by NW A, re-use the ‘counting’ approach defined for Rel-17 concurrent MGs to define scaling factor for the impacts of MUSIM gaps 
Requirements for measurements in NW B
A basic principle in defining MUSIM gap patterns in Rel-17 is that what MUSIM gaps to request and how to use them are up to UE implementation, so it may be difficult to define requirements for measurements in NW B. On other hand, during WID discussion, some companies mentioned that the reason for NW A to configure MUSIM gaps is to allow UE to do correct measurement in NW B, so without the requirements, there will be no motivation for NW A to configure the MUSIM gaps. 
If requirements for measurements in NW B are to be defined, the existing measurement requirements for IDLE/INACTIVE should be used as baseline. We do not think UE is expected to meet a more stringent requirements just because the measurement is performed based on MUSIM gaps, e.g. UE should not be assumed to perform more than one measurements per DRX cycle. 
As the periodicity of MUSIM gaps can be up to 5.12s, it is possible that the periodicity of MUSIM gaps is larger than the DRX cycle in NW B. In this case, the requirements should be based on the maximum between the DRX cycle and the periodicity of MUSIM gaps.
Proposal 6: If requirements for measurements in NW B are to be defined, re-use the existing requirements for IDLE/INACTIVE as baseline with DRX cycle replaced by max(DRX cycle, MGRP).
Conclusions
In this paper we provided our initial views on RRM requirements for Rel-17 MUSIM gaps.
Proposal 1: For collisions between MUSIM gap and legacy measurement gap (i.e. Rel-15 to Rel-17 measurement gaps), re-use the priority rule as defined for Rel-17 concurrent MGs.
Proposal 2: For collisions between MUSIM gap and legacy measurement gap (i.e. Rel-15 to Rel-17 measurement gaps), RAN4 to discuss the order for applying the priority when number of colliding MGs is larger than 2.
Proposal 3: For collisions between MUSIM gap and measurement outside MG (including both L1 and L3), MUSIM gap should apply, and the L1 or L3 measurement resources colliding with MUSIM gaps are dropped. 
Proposal 4: For collisions between MUSIM gaps, re-use the priority rule as defined for Rel-17 concurrent MGs as baseline. FFS whether and how to address the scenario where MUSIM gaps are of same priority is considered.
Proposal 5: For measurements configured by NW A, re-use the ‘counting’ approach defined for Rel-17 concurrent MGs to define scaling factor for the impacts of MUSIM gaps 
Proposal 6: If requirements for measurements in NW B are to be defined, re-use the existing requirements for IDLE/INACTIVE as baseline with DRX cycle replaced by max(DRX cycle, MGRP).
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