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1. Introduction
There were discussions [1-3] in the last RAN4 meeting on UE behavior before and after measurement gap. A way forward [3] was approved in which the agreements were captured and companies are encouraged to bring analysis in this meeting.

In this contribution we further provide our views on starting point of measurement gap.

2. Discussion

There was agreement on definition of starting point for EN-DC with 0ms MG timing advance. Other cases are FFS.
EN-DC with 0ms MG timing advance
The starting point of measurement gap in FR1 for EN-DC was agreed in the last meeting. It is FFS for FR2.

	· For EN-DC (LTE is the master cell, NR cells are not in MCG)

· If per-UE MG is configured,If per-UE measurement gap is configured with MG timing advance of 0ms, a measurement gap starts at the end of the latest LTE subframe occurring immediately before the measurement gap among MCG serving cells subframes.

· If per-FR measurenet gap for FR1 is configured with MG timing advance of 0ms, this measurement gap for FR1 starts at the end of the latest LTE subframe occurring immediately before the measurement gap among MCG serving cells subframes in FR1.

· If per-FR measurenet gap for FR2 is configured with MG timing advance of 0ms, this measurement gap for FR2 starts at [FFS].


The starting point of measurement gap will impact the UE RF switching time if MRTD is taken into account. In FR1 the switching time is 500ms and the MRTD is 33us. It is feasible for UE to deal with MRTD within the switching time. This is also the assumption in LTE DC. In FR2 the switching time is 250ms which is smaller than in FR1. However if per-FR measurement gap for FR2 is configured the SFN and subframe of a serving cell on FR2 frequency is used in the gap calculation. In this case the MRTD is 8.5us which is for FR2 carrier aggregation. Our view is that UE can deal with 8.5us MRTD during 250ms RF switching time. The similar starting point as in FR1 is applicable.

Proposal 1: For EN-DC, if per-FR measurement gap for FR2 is configured with MG timing advance of 0ms, this measurement gap for FR2 starts at the end of the latest subframe occurring immediately before the measurement gap among FR2 serving cells subframes in FR2.
EN-DC with 0.5ms/0.25ms MG timing advance
If MG timing advance 0.5ms is applied for per-UE gap or per-FR1 gap, the measurement gap and total interruption time are as in Figure 1. 
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Figure 1 MG timing advance and total interruption time on serving cells
It can be seen from figure 1 that the starting point of measurement gap should start at the end of the slot before the interruption occurs. This principle works if SCS of PSCell is larger than 15kHz. If PSCell or any SCell with 15kHz SCS, the interruption is allowed before the timing advanced measurement gap, i.e. the whole slot j is allowed to be interrupted.
It is also noted that we reached agreements in the last RAN4 meeting
· When only MGTA or both MGTA and TA applies to measurement gap at UE in addition to measurement gap offset, the following UE behavior in the slot immediately before/after measurement gap should be specified for NR TDD.
· UE is required to conduct reception of DL data in the slot occurring immediately before the measurement gap if the last DL symbol in the slot is not overlapped with the measurement gap. 
· UE shall transmit UL data in the slot occurring immediately before the measurement gap if the last UL symbol in the slot is not overlapped with the measurement gap. 
This corresponds to the case that first 7 symbols in slot j can be used for DL reception if it is DL symbols or for UL transmission if it is UL symbols. So it seems we kind of have agreements contradict each other.
Our view is that it is feasible to receive on DL symbols before the time instant that measurement gap is advanced with 0.5ms. It is feasible to transmit on UL symbols either.
If we take a look at the procedure of measurement gap setup for per FR1 gap or per UE gap, the measurement gap is advanced with 0.5ms. The measurement starts 0.5ms before the configured measurement gap.
2>
if EN-DC is configured:

3>
if the UE is configured with fr1-Gap set to TRUE:

4>
apply the gap configuration for LTE serving cells and for NR serving cells on FR1;

3>
else:

4>
apply the gap configuration for all LTE and NR serving cells;

2>
if mgta is set to TRUE, apply a timing advance value of 0.5ms to the gap occurrences calculated above according to TS 38.133 [16];
Therefore we should keep to the latest agreements and revise the interruption requirements to make it clear that first 7 symbols in slot j can be used for reception/transmission. The starting point of measurement gap should be 0.5ms before the start of configured gap subframe.
For per FR2 measurement gap with 0.25ms timing advance the same principle should apply. We don’t see any difference compared to per FR1 gap except that the timing reference is an FR2 serving cell.
Proposal 2: If per-UE measurement gap is configured with MG timing advance of 0.5ms, the measurement gap starts at time 0.5ms advanced to latest LTE subframe occurring immediately before the configured measurement gap among MCG serving cells subframes.

If per-FR measurenet gap for FR1 is configured with MG timing advance of 0.5ms, the measurement gap starts at time 0.5ms advanced to latest LTE subframe occurring immediately before the configured measurement gap among MCG serving cells subframes in FR1.
If per-FR measurement gap for FR2 is configured with MG timing advance of 0.25ms, the measurement gap for FR2 starts at time 0.25ms advanced to the latest subframe occurring immediately before the configured measurement gap among serving cells in FR2.

SA with 0ms MG timing advance
The SA case is kind of similar to EN-DC case in terms of the starting point of measurement gap. For SA operation the SFN and subframe of measurement gap is as follows.
1>
if gapUE is set to setup:


2>
if a per UE measurement gap configuration is already setup, release the per UE measurement gap configuration;

2>
setup the per UE measurement gap configuration indicated by the measGapConfig in accordance with the received gapOffset, i.e., the first subframe of each gap occurs at an SFN and subframe meeting the following condition:

SFN mod T = FLOOR(gapOffset/10);

subframe = gapOffset mod 10;

with T = MGRP/10 as defined in TS 38.133 [14];

The measurement gap configuration is in the granularity of subframe. Therefore similar definition of starting point as to EN-DC can be made.
Proposal 3: If per-UE measurement gap is configured with MG timing advance of 0ms, the measurement gap starts at the end of the latest subframe occurring immediately before the measurement gap among serving cells subframes.

If per-FR measurement gap for FR1 is configured with MG timing advance of 0ms, the measurement gap for FR1 starts at the end of the latest subframe occurring immediately before the measurement gap among serving cells subframes in FR1. 
If per-FR measurenet gap for FR2 is configured with MG timing advance of 0ms, this measurement gap for FR2 starts at the end of the latest subframe of a serving cell occurring immediately before the measurement gap among serving cells subframes in FR2.

SA with 0.5ms/0.25ms MG timing advance
We think this case is also similar to EN-DC case in terms of starting point of measurement gap.
2>
if mgta is configured, apply the specified timing advance to the gap occurences calculated above (i.e. the UE starts the measurement mgta ms before the gap subframe occurences);
The measurement gap and interruption time are also as in Figure 1 for SA operation. We think the first 7 symbols in subframe j for 15 kHz SCS serving cells can be used for reception and transmission depending on the slot configurations.
Proposal 4: If per-UE measurement gap is configured with MG timing advance of 0.5ms, the measurement gap starts at time 0.5ms advanced to the latest subframe occurring immediately before the configured measurement gap among serving cells subframes.

If per-FR measurenet gap for FR1 is configured with MG timing advance of 0.5ms, the measurement gap for FR1 starts at time 0.5ms advanced to the latest subframe occurring immediately before the configured measurement gap among serving cells subframes in FR1. 
If per-FR measurenet gap for FR2 is configured with MG timing advance of 0.25ms, this measurement gap for FR2 starts at time 0.25ms advanced to the latest subframe occurring immediately before the configured measurement gap among serving cells subframes in FR2.

3. Conclusion

In this contribution, we provide our views on definition of starting point of measurement gap. Based on the observations following proposals are present.

Proposal 1: For EN-DC, if per-FR measurement gap for FR2 is configured with MG timing advance of 0ms, this measurement gap for FR2 starts at the end of the latest subframe occurring immediately before the measurement gap among FR2 serving cells subframes in FR2.
Proposal 2: For EN-DC, if per-UE measurement gap is configured with MG timing advance of 0.5ms, the measurement gap starts at time 0.5ms advanced to latest LTE subframe occurring immediately before the configured measurement gap among MCG serving cells subframes.

If per-FR measurenet gap for FR1 is configured with MG timing advance of 0.5ms, the measurement gap starts at time 0.5ms advanced to latest LTE subframe occurring immediately before the configured measurement gap among MCG serving cells subframes in FR1. 
If per-FR measurement gap for FR2 is configured with MG timing advance of 0.25ms, the measurement gap for FR2 starts at time 0.25ms advanced to the latest subframe occurring immediately before the configured measurement gap among serving cells in FR2.

Proposal 3: for SA, if per-UE measurement gap is configured with MG timing advance of 0ms, the measurement gap starts at the end of the latest subframe occurring immediately before the measurement gap among serving cells subframes.

If per-FR measurement gap for FR1 is configured with MG timing advance of 0ms, the measurement gap for FR1 starts at the end of the latest subframe occurring immediately before the measurement gap among serving cells subframes in FR1. 
If per-FR measurenet gap for FR2 is configured with MG timing advance of 0ms, this measurement gap for FR2 starts at the end of the latest subframe of a serving cell occurring immediately before the measurement gap among serving cells subframes in FR2.

Proposal 4: For SA, if per-UE measurement gap is configured with MG timing advance of 0.5ms, the measurement gap starts at time 0.5ms advanced to the latest subframe occurring immediately before the configured measurement gap among serving cells subframes.

If per-FR measurenet gap for FR1 is configured with MG timing advance of 0.5ms, the measurement gap for FR1 starts at time 0.5ms advanced to the latest subframe occurring immediately before the configured measurement gap among serving cells subframes in FR1. 
If per-FR measurenet gap for FR2 is configured with MG timing advance of 0.25ms, this measurement gap for FR2 starts at time 0.25ms advanced to the latest subframe occurring immediately before the configured measurement gap among serving cells subframes in FR2.
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