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1 Introduction
In LTE intra-frequency measurement is performed without MG. For NR the case is different since UE may be in a BWP that does not contain cell defining SSB (CD-SSB), so RAN4 has defined intra-frequency with MG (to allow UE to re-tune to CD-SSB) and without MG. 

In addition, RAN4 also discussed the intra-frequency without MG but with mixed numerology and/or Rx beamforming, and agreed that data interruption would occur during the symbols used for measurement (plus some margin).  
In RAN4-AH-1801, a WF [1] summarizing all possible relationships between CD-SSB and MG was proposed, but due to time limited, it was not fully discussed or agreed. 
In this paper, we will provide our views on types of intra-frequency measurement and related performance requirement. 
2 Discussion
Figure 1 from [1] summarizes all the types of intra-frequency measurement in terms of relationship between CD-SSB (where intra-frequency measurement is performed) and MG.
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Figure 1: Types of intra-frequency measurement (from [1])
The first question is whether all 4 types in the figure need to be supported from RAN4 point of view, or whether UE requirements should be defined for all of them. 
· Type 1 may be used when UE is configured with only one BWP, i.e. no BWP switching for the UE.

· Type 2 may be used when UE is configured with multiple BWPs, and not all of them contains the CD-SSB. In this case, network can configure part of intra-frequency SMTC windows to be overlapping with MGs, to avoid re-configuring SMTC every time UE BWP changes (BWP is based on L1 signaling).

· Type 3 has similar use case as type 2, except that UE has to measure CD-SSB with MGs no matter whether the active BWP contains CD-SSB or not. It was discussed in RAN4-AH-1801 if this type should be excluded. In our view, excluding type 3 means network should always ensure some SMTC windows for intra-frequency measurement are outside the MGs which to us is an unnecessary restriction to network. Also type 3 will not cause extra RAN4 efforts in RAN4, as the UE requirement could be same as for type 4.  
· Type 4 is used when UE active BWP does not contain the CD-SSB.

Therefore, UE requirements for intra-frequency measurement should be defined for all 4 types in [1].

Proposal 1: UE requirements for intra-frequency measurement should be defined for all 4 types in [1].

Next we discuss the respective UE measurement requirement for each type.

· Type 1 is straightforward, as all SMTC windows configured for intra-frequency measurement are truly available for intra-frequency measurement, and the measurement requirement can be defined without considering MGs.

· Type 2 is the most complex one from UE requirement point of view, as it is a question whether SMTC windows overlapping with MGs should still be used for intra-frequency measurement or not. 

If intra-frequency measurement is performed only in SMTC windows not overlapping with MGs, depending on the ratio between SMTC period and MGRP (R), the intra-frequency measurement performance needs to be relaxed with the scaling factor R/(R-1). In worst case (R=2) the intra-frequency measurement delay can be doubled. If intra-frequency measurement is also performed in SMTC windows overlapping with MGs, the intra-frequency performance will be improved since more measurement opportunities are available, while the inter-frequency performance will be degraded as some MGs are taken for intra-frequency. 
In our view, it would be simpler solution that UE only perform intra-frequency measurement in SMTC windows not overlapping with MGs. Also, network can somehow control the tradeoff between intra- and inter-frequency measurement by configuring proper SMTC period and MGRP. For example, if intra-frequency performance is seen as critical, network should use a large R, e.g. R=4, then the impact to intra-frequency would be small (scaled by 1.3).

One special case as mentioned in [1] is intra-frequency measurement that will cause interruption to serving cell data. In this case, both the SMTC window and MG will interrupt the data, so there may be a motivation to ask UE to do intra-frequency measurement only in MGs. However, we understand if network prioritizes the data throughput, it can just make type 3 configuration. Network would configure SMTC window outside MGs, only when it expects better intra-frequency measurement performance than what can be achieved with MGs and gap sharing, so the same principle should be used that UE should perform intra-frequency measurement in SMTC windows not overlapping with MGs.
· Type 3 and type 4 are same from measurement performance point of view, which are based on gap sharing between intra- and inter-frequency measurement as defined in section 9.1.2 of 38.133. In RAN4-AH-1801, some companies proposed a solution for type 3 that network can indicate exact MG occasions that are used for intra-frequency, so that those MG occasions can still be used for scheduling. In our view, however, such solution is conflicting with the principle that how to use MGs is up to UE implementation. Also, network can just make type 2 configuration so that intra-frequency measurement will be performed outside MGs and the corresponding SMTC windows can still be used for data scheduling. 
Proposal 2: Intra-frequency measurement requirement is defined
· For type 1, based on all SMTC windows

· For type 2, based on SMTC windows not overlapping with MGs

· For type 3 and 4, based on MGs and gap sharing between intra- and inter-frequency 
In [1], RLM is mentioned as FFS. We will discuss some cases of RLM overlapping with intra-frequency SMTC or MG in our companion paper for RLM agenda, but the final decision may need to be made after RAN4 settles down the overlapping between intra-frequency SMTC and MGs. 
3 Conclusions 

In this paper, we provided our views on types of intra-frequency measurement and related performance requirement. 
Specifically, we have the following proposals.

Proposal 1: UE requirements for intra-frequency measurement should be defined for all 4 types in [1].
Proposal 2: Intra-frequency measurement requirement is defined

-
For type 1, based on all SMTC windows

-
For type 2, based on SMTC windows not overlapping with MGs

-
For type 3 and 4, based on MGs and gap sharing between intra- and inter-frequency
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