[bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting #88bis                       	 R4-1813160
Chengdu, China, Oct. 8th – 12th, 2018                                                          

Agenda Item:	7.11.3.1.1
Source:	MediaTek Inc.
Title:	Discussion on Gap Starting Point
Document for:		Discussion
1 	Introduction
In the RAN4 #88 meeting, a way forward about UE behavior before or after measurement gap is agreed [1]. Also a CR [2] was also agreed on the gap starting point for per-UE gap and FR1-gap when MGTA is not indicated, while other cases remain open. In this paper, we discuss the remaining issue of gap starting point as well as UE behavior before and after gap.
2 Discussion
MGTA
MGTA was introduced in order to avoid UE’s RF-tuning time overlapping with some of the SSB symbols during SMTC duration in synchronous network. With MGTA, UE will start RF re-tuning 0.5ms or 0.25ms earlier. Special handling is needed for 0.5ms in 15KHz SCS for NR (and LTE), because it will introduce one additional interrupted slot (or subframe in LTE). This issue has already been discussed and concluded in the requirement of gap interruption in Section 9.1.2in TS38.133. 
One issue related to gap starting point is whether the starting point is based on the start of the interruption or the start of UE RF re-tuning, as illustrated in Figure 1. In our understanding, to align gap starting point with the starting point of RF re-tuning would be a relative clean solution, because 
· Gap starting time can be the same for carriers with different SCS.
· The interruption starting point is not the time UE really re-tunes it RF, but was introduced because UE cannot receive (or transmit) the all signals in the whole DL (or UL) slot. The additional interruption slot has already been handled in a separated requirement.
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[bookmark: _Ref525840763]Figure 1. Comparison between starting point of gap interruption for 15KHz SCS and starting point of RF re-tuning
If aligning with the starting time of RF re-tuning, then the gap starting time for 15KHz will be at the centre of a slot, but not at the slot boundary. But we do not see a critical issue in this case.
[bookmark: _Ref525844630]Proposal 1: Directly apply MGTA to the gap starting time.

Large TA in NR
In 38.213, it specifies the max  value could be up to 

	





In case of random access response, a timing advance command [11, TS 38.321], , for a TAG indicates  values by index values of  = 0, 1, 2, ..., 3846, where an amount of the time alignment for the TAG for subcarrier spacing of  kHz is given by .  is defined in [4, TS 38.211] and is relative to the subcarrier spacing of the first uplink transmission from the UE after the reception of the random access response.








In other cases, a timing advance command [11, TS 38.321], , for a TAG indicates adjustment of the current  value, , to the new  value, , by index values of  = 0, 1, 2,..., 63, where for a subcarrier spacing of  kHz, .


Therefore, in some cases there will be up to 2 UL slots overlapped by measurement gap. This issue should also be considered when deciding the rule.
[bookmark: _Ref525844622]Observation 1: The maximum TA in NR could be up to 2 slots.

One issue of large TA is illustrated in Figure 2, when gap starting time aligns with a DL slot. (The example, is provided in FDD, but the issue remains the same in TDD.) Interrupted slots are filled with green color. When small TA is considered as in Figure 2(a), UE cannot transmit signals in slot 2, 3, … 8. . When large TA is considered as in Figure 2(b), UE cannot transmit signals in slot 3, 4, … 9. In this case, a clear rule should be set between network and UE on which slot can be dropped. So that UE does not drop the slot in which gNB assumes UE will transmit or vice versa. Fundamentally, if network can correctly know the absolute amount of accumulated TA, then it could be possible to set up some rule. Otherwise, network has no idea which slot UE will drop. 
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[bookmark: _Ref525842165]Figure 2. One issue of large TA, when gap starting time aligns with a DL slot
[bookmark: _Ref525844625]Observation 2: When gap starting time aligns with a DL slot, if network can correctly know the absolute amount of accumulated TA of UE, then it could be possible to set up some rule on which slots UE should or should not drop. Otherwise, network has no idea which slot UE will drop.
[bookmark: _Ref525844631]Proposal 2: RAN4 to study if network can correctly know the absolute amount of accumulated TA of UE.

The situation gets even complicated if gap starting time aligns with a DL slot in TDD case, as illustrated in Figure 3, where special slots are assumed to be DL slots. Small TA is considered in Figure 3(a). In this case, slot 2, 3, … 8 will be interrupted. Thus UE cannot receive data in slot 2, but can transmit data at slot 9. Now, if the TA keeps increasing to be larger than a slot, then there is an ambiguity on which UL slot can be used to align the gap starting time. If UE sticks to the slot used in small TA, as shown in Figure 3(b), then slot 1 will also be additionally interrupted. If UE changes the starting point to align with slot 4, then slot 3 will no longer be interrupted, but slot 9 will. To solve this issue, the fundamental question is the same: whether network can correctly know the absolute amount of accumulated TA. If yes, then rule can be set on which slot to be used for the gap starting time to align. Otherwise, it may be easier to always assume the gap starting time aligns with some virtual DL slot boundary.

[image: ] 
[bookmark: _Ref525843331]Figure 3. One issue of large TA, when gap starting time aligns with a UL slot

[bookmark: _Ref525844633]Proposal 3: If network cannot correctly know the absolute amount of accumulated TA of UE, always assume the gap starting time aligns with (virtual) DL slot boundary

SMTC duration
The UE requires measurement gaps to identify and measure intra-frequency cells and/or inter-frequency cells and/or inter-RAT E-UTRAN cells. Typically, measurement gap length (MGL) should cover all SMTC durations on different frequency layers. An example of three MOs in f1, f2 and an inter-RAT frequency is shown in Figure 3 below. It can be seen that the Tmargin in f1 seems large so that some network companies suggest to permit transmitting uplink signals in f0 when measuring is in f1.
But which gap occasion to measure f1, f2 or inter-RAT is completely up to UE’s scheduling. Different UEs could have different scheduling algorithms. It means that network has no idea which exact gap occasion can be expected for the UL transmission in slots after measurement gap. In other words, the rule to decide whether slot after measurement gap can be used for UL transmission should not depends on the SMTC durations.  
[bookmark: _Ref525844635]Proposal 4: The rule to decide UE behavior before and after measurement can does not depends on the SMTC durations.  


[bookmark: _Ref513577048]Figure 3. An example of Tmargin for different frequencies in Meas. Gap

3 Summary
In this paper, we propose the gap starting point and UE behavior before and after measurement gap. We have the following observations and proposals 
Observation 1: The maximum TA in NR could be up to 2 slots.
Observation 2: When gap starting time aligns with a DL slot, if network can correctly know the absolute amount of accumulated TA of UE, then it could be possible to set up some rule on which slots UE should or should not drop. Otherwise, network has no idea which slot UE will drop.
Proposal 1: Directly apply MGTA to the gap starting time.
Proposal 2: RAN4 to study if network can correctly know the absolute amount of accumulated TA of UE.
Proposal 3: If network cannot correctly know the absolute amount of accumulated TA of UE, always assume the gap starting time aligns with (virtual) DL slot boundary
Proposal 4: The rule to decide UE behavior before and after measurement can does not depends on the SMTC durations.
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