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1   Introduction

RAN2#NR AdHoc discussed measurement gap requirement for EN-DC and some agreements were reached for the same as described below [1]:
Agreements

1
For gap pattern configured by MN, UE performs gap calculation based on the SFN and subframe of PCell. 

2
For gap pattern configured by SN, UE performs gap calculation based on the SFN and subframe of PSCell.

3
The configuration step of gapoffset in 36.331 is 1ms.

FFS: Gapoffset in 38.331. To be checked with RAN4.

Also, RAN4 has been discussing the gap offset requirements and have reached the following conclusion as a way forward [2][3]:

-The measurement gap timing offset granularity is fixed to 1ms for all the cases.


-1 bit indication to enable/disable X ms timing advance to the configured measurement gap timing is supported.




-For per-UE-gap or per-FR-gap for FR1, X = 0.5




-For per-FR-gap for FR2, X = 0.25




-Detailed signaling design is up to RAN2


-UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on serving cell(s) in slot(s) partially overlapping with MG as well as in slot(s) fully overlapping with MG
-FFS: applicability of 0.5ms timing advance to MG when the MG affects LTE serving cell(s)
In this paper, we discuss the impacts of above states RAN4 discussion on measurement gap calculation.

2   Discussion
RAN1 has recently made one agreement indicating that SMTC window timing has 1ms granularity irrespective of FR1/FR2 and SSB subcarrier spacing. Due to which, RAN4 is considering to revisit their previous agreement, i.e., “Measurement Gap offset should be configurable with granularity based on the maximum slot length of all the UE serving cells which have configured the gap.”
Based on the SSB SMTC granularity, RAN4 has decided that granularity of measurement gap timing offset is fixed to 1ms for all cases (FR1/FR2/LTE). However, there is still a misalignment issue of SMTC occasion and effective measurement interval of UE.  

Measurement gap pattern configuration takes into account RF returning time of UE to switch from serving frequency to measurement frequency, duration to perform SSB measurements and RF retuning time to switch back to the serving frequency. The switching time is defined as 0.25ms for FR2 and 0.5ms for FR1. Hence, effective measurement duration is expected to be smaller than the measurement gap length. Now, given that starting occasion of measurement gap and SMTC have same granularity of 1ms, it can be observed that UE may not be able to measure the full SMTC window (occurring during the measurement gap) due to time taken for RF retuning. This issue is depicted in Figure 1.
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Figure 1 Measurement gap and SMTC misalignment issue

To address the above mentioned issue, RAN4 has concluded to support a 1 bit indication in measurement gap which indicates to UE to advance the starting time of measurement gap by a predefined amount based on the type of measurement gap (i.e. 0.5ms for FR1 gap and 0.25ms for FR2 gap).

The revised gap configuration is expected to work as shown in Figure 2.
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Figure 2 Measurement gap duration based on recent RAN4 agreements

To support the RAN4 agreements, we understand that two separate 1 bit indications are provided independently for FR1 and FR2 gap. Hence, natural choice would be to include 1 bit indication within GapConfig IE in 38.331, which would now contain:

1) 1 bit indication of timing offset
2) Gap offset

3) Measurement gap length
4) Measurement gap repetition period
Proposal 1: Introduce 1 bit indication within the GapConfig IE in 38.331 to enable/disable timing advance for measurement gap calculation
Another point of discussion is to specify the slots where transmission/reception is interrupted due to the given timing advance feature. Note that RAN4 has indicated following for interrupted slots:

“UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on serving cell(s) in slot(s) partially overlapping with MG as well as in slot(s) fully overlapping with MG”

Currently RAN2 assumption is to have the granularity of measurement gap based on subframe of SpCells. However, this assumption is in contrast with the RAN4 intention to minimize the measurement gap length as much as possible, because using subframe granularity inadvertently increases the gap length. Hence, we propose to use slot granularity for measurement gap starting occasion.

Observation 1 Keeping subframe as granularity of measurement gap starting occasion is in contrast with the RAN4 intention to minimize the measurement gap length
Assuming that slot granularity is used for measurement gap starting occasion, since different serving cells can have different slot lengths, it is possible that interruption duration can be different for different cells based on their slot lengths.  For example, with MGL=6ms and TA=0.25ms, if a serving cell has 1ms slot length then combined data interruption time would be 7ms, whereas for a cell with 0.5ms slot length combined interruption time would be 6.5ms, this is shown in Figure 3.
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Figure 3 Data interrupted slots based on slot length

Based on the above discussion, there are two options which can be considered for specifying exact slots of a serving cell which are interrupted due to measurement gap:

Option-1: UE determines the starting slot of measurement gap (after considering timing advance) based on the SpCell time reference. For all the other serving cells where gap is applied, transmission/reception is interrupted for those slots which are overlapping (partially or fully) with the slots of SpCell where measurement gap occurs. (Figure 4)

Option-2: UE determines for each cell independently, the starting slot of measurement gap after considering timing advance (Figure 5)
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Figure 4 Option-1 for calculation of slots where transmission/reception is interrupted
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Figure 5 Option-2 for calculation of slots where transmission/reception is interrupted 
Since, Option-1 would result in more data interruption if the SpCell slot length is large, it is preferable to adopt Option-2 to improve upon data interruption time. There are multiple ways to specify Option-2 in RRC specification, however we prefer the simplest way by adding a note for timing advance, for example:

1) When UE receives a measurement gap configuration, UE determines the first subframe for gap timing reference as follows:
a. SFN mod T = FLOOR(gapOffset/10);
b. subframe= gapOffset  mod 10;
2) For each serving cell where the given gap is applied, UE determines the slot which occurs “X” ms earlier than the above determined subframe. UE considers the measurement gap starts from the determined slot.

Proposal 2: UE determines for each cell independently, the starting slot of measurement gap after considering timing advance 

3   Conclusion
Following observations and proposals are made in this paper:
Observation 1
Keeping subframe as granularity of measurement gap starting occasion is in contrast with the RAN4 intention to minimize the measurement gap length
Proposal 1:
Introduce 1 bit indication within the GapConfig IE in 38.331 to enable/disable timing advance for measurement gap calculation
Proposal 2:
UE determines for each cell independently, the starting slot of measurement gap after considering timing advance
4   References

[1] R2-1800xxx, “Report of 3GPP TSG RAN2#AH-1801 meeting, Vancouver, Canada”

[2] R4-1801330, “Updated way forward on measurement gap timing offset based on R4-1800564”
[3] R4-1801331, “LS for measurement gap timing offset granularity”
[image: image1][image: image6.png]PCell

SCell-1

SCell-2

- Interrupted Slot

4= timing shift

< 6 ms MG timing >




[image: image7.png]- Interrupted Slot

PCell

SCell-2

scell-1 [TTTTTTTTTITTTT I TITTITT T ]

4= timing shift

< 6 ms MG timing >




[image: image8.png]- Interrupted Slot

Sering Cell-1 ) D B

sening cel2 [ [

5 ms SMTC window timing
< >

Inter-freq carrier I I N I R

4¢mmm -0.5 ms (or -0.25 ms) timing shift

< 6 ms MG timing >

Effective measurement duration (excluding RF retuning time)



[image: image9.png]Data Interrupted
slots

Serving
carrier

5 ms SMTC window timing
Inter-freq >

4¢mmm -0.5 ms (or -0.25 ms) timing shift

< 6 ms MG timing >

Effective measurement duration (excluding RF retuning time)



