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1. Introduction

The issue of measurement gap (MG) starting point was discussed in RAN4#88, and the conclusions are captured in [1]. However, the MG starting point for following cases are still open.
· Per FR gap for FR2 in NSA

· When MGTA is applied

· SA

In this paper, we will provide our views on the remaining open issues for MG starting point.
2. Discussion
2.1. Consideration of SMTC
For per UE gap or per FR gap for FR1 in NSA, the MG starting point is defined in the same way as in LTE. This is reasonable since the MG is configured by LTE PCell. 
	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.


This definition means when subframe immediately before MG is UL, the MG starts earlier than the case with subframe immediately before MG being DL. This is possible in LTE, since the measurement can be performed on any 5ms window. A shift of MG, both the start timing and end timing, will not affect the effective measurement time and the re-tuning time.
However, the case is different for NR measurement, and this is illustrated in Figure 1. As in the real network, the UL timing will be earlier than DL timing due to the propagation delay and the TA. If the subframe immediately before MG is UL and UE follows UL timing to start the MG, the MG overall will be earlier than the case where MG starting point follows DL timing. On the other hand, NR measurement is based on SMTC, and the SMTC window is always based on DL timing. This will result in a situation where UE would have more re-tuning time than the assumed 0.5/0.25ms before SMTC window, but less after the SMTC window. The reduction of the re-tuning time after SMTC window is equal to TA.
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Figure 1: Illustration of measurement timing with SMTC
RAN4 has discussed the interruption time due to MG in case of CA/DC, and it was concluded that the interruption time remains MGL conditioned on the MRTD of 33us for FR1-FR1 and FR1-FR2 CA/DC, and 8us for FR2-FR2 CA/DC. TA, however, could be much larger than MRTD. In addition, the reduction due to TA could be in addition to the reduction due to MRTD. In our view, to maintain a reasonable re-tuning time for UE, UE should be allowed to use DL timing when determining the MG starting time.

In should be also noted that according to the slot formats defined in 38.214, the last symbol of a subframe may be left as “flexible”, i.e. not assigned as UL or DL. In this case, it is also safer for UE to use the DL timing when determining the MG starting point. 

Proposal 1: UE should be allowed to use DL timing when determining the MG starting point, regardless of whether the last symbol in the subframe immediately before the MG is UL or DL.
2.2. MG configured by NR
Per FR gap for FR2 in NSA and MG in SA are both configured by an NR cell. When determining the MG starting point in these case, it should be considered that the MG is configured in the granularity of subframe.
	2>
if gapFR2 is set to setup:

3>
if an FR2 measurement gap configuration is already setup, release the FR2 measurement gap configuration;

3>
setup the FR2 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 and subframe of SCG cells on FR2):

SFN mod T = FLOOR(gapOffset/10);

subframe = gapOffset mod 10;

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

3>
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);


From the definition of MG offset in 38.331, it is straightforward that MG starting point is defined as the end of the latest subframe occurring immediately before MG among all relevant serving cells subframes. The relevant serving cells are
· FR2 serving cells in SCG, for per FR gap for FR2 in NSA

· All serving cells, for per UE gap for SA

· FR1 serving cells, for per FR gap for FR1 in SA

· FR2 serving cells, for per FR gap for FR2 in SA

Proposal 2: For MG configured by an NR cell, the MG starting point is defined as the end of the latest subframe occurring immediately before MG.
2.3. MGTA
When MGTA is applied, the MG is supposed to be advanced by 0.5ms or 0.25ms. In our view, the MG starting point should be the also advanced by 0.5 or 0.25ms, i.e. MG should start 0.5ms or 0.25ms earlier than the end of the latest subframe occurring immediately before MG.
One special case that needs to be considered is that an UL symbol is scheduled at the end of the latest subframe occurring immediately before MG, but a DL symbols is scheduled 0.5ms or 0.25ms earlier. This is illustrated in Figure 2, where the MGTA is 0.5ms and the data SCS is 30kHz.
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Figure 2: Illustration of measurement timing with SMTC
In the case shown in Figure 2, DL is scheduled in the second latest slot before the MG, but UL in the latest slot before the MG. If UE follows UL timing (since the end of the latest subframe is UL), the last part of the DL slot will be impacted. To solve the issue, UE should be allowed to use DL timing for determining the MG starting point, and this adds another motivation for Proposal 1.
Proposal 3: When MGTA is applied, the MG starting point is 0.5ms or 0.25ms earlier than the end of the latest subframe occurring immediately before MG.
3. Conclusions

In this paper we provided our views on the remaining issues for MG starting point.
Proposal 1: UE should be allowed to use DL timing when determining the MG starting point, regardless of whether the last symbol in the subframe immediately before the MG is UL or DL.
Proposal 2: For MG configured by an NR cell, the MG starting point is defined as the end of the latest subframe occurring immediately before MG.
Proposal 3: When MGTA is applied, the MG starting point is 0.5ms or 0.25ms earlier than the end of the latest subframe occurring immediately before MG.
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