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1 Introduction
RAN plenary RAN#67 approved the SI on ‘Measurement gap enhancement’ in [1]. The objectives of the SI are to study the feasibility of measurement gap enhancements for the inter-frequency and inter-RAT cell identification and measurement, and the possible network controlled PCell/SCell interruption due to single chip RF-IC implementation.
In this paper, we briefly summarize our view on the status of the discussion. Then we further propose an enhancement of measurement gaps operation in terms of improving the scheduling opportunities for UEs with configured measurement gap. We look at a solution, which improve UL allocation and scheduling opportunities when gaps are active, leading to a decrease in the effective UL scheduling gap with up to 40%.
2 Discussion
In last RAN4 in Rio a number of contributions were submitted related to the measurement gap enhancement SI [2, 7 - 13]. Also a WF was agreed in [6]. Based on the contributions, the WF and the discussions it seems becoming increasingly clear that there is a grouping of the use cases and therefore most likely also some synergies also in the solution space. Currently we see following main groups of challenges identified:
1) When UE is configured solely with measurements performed with more relaxed requirements the current MGPs are not system efficient and RAN4 should investigate more system efficient MGP.
2) A UE causing interrupts due to transceiver state change is currently causing packet loss in the system. A more efficient way to handle interrupts e.g. with an interrupt GP ensuring no packet loss, should be investigated.

Additionally it was also highlighted by some companies that RAN4 should investigate whether it is possible to have more efficient measurement gaps assignment for UEs with CA capability.
One topic to look at as well was if it would be possible to increase the scheduling opportunities and/or reduce UE power consumption [6]. Some papers raised the issue of the impact on the scheduling from the current MG. In this paper we will look at how the UE UL scheduling is impacted by a measurement gap and how this could be addressed.

1 
2 
Current Gap patterns
Current gap design lists following two options as stated in 36.133.
	Gap Pattern Id
	MeasurementGap Length (MGL, ms)
	Measurement Gap Repetition Period
(MGRP, ms)
	Minimum available time for inter-frequency and inter-RAT measurements during 480ms period
(Tinter1, ms)
	Measurement Purpose

	0
	6
	40
	60
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x

	1
	6
	80
	30
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x



In addition 36.133 states:
During the measurement gaps the UE:
-	shall not transmit any data
 -	is not expected to tune its receiver on any of the E-UTRAN carrier frequencies of PCell and any SCell. 
-	is not expected to tune its receiver on any of the E-UTRAN carrier frequencies of PCell and PSCell.
And additionally 36.133 states:
In the uplink subframe occurring immediately after the measurement gap,
-	if the following conditions are met then it is up to UE implementation whether or not the UE can transmit data:
-	all the serving cells belong to E-UTRAN TDD;
-	if the subframe occurring immediately before the measurement gap is an uplink subframe. 
-	Otherwise the UE shall not transmit any data.
In next section we address the impact of a measurement gap on the UL allocation and scheduling.


Gap impact on UL scheduling
As can be understood from the current gap definitions the impact on the UE UL scheduling is in fact 10 TTIs. Reason for this is that the network cannot schedule the in UL in the 4 TTIs immediately following each measurement gap, due to PDCCH falling within the gap where the UE is not receiving the PDCCH. Illustrated in Figure 1.
[image: ]
[bookmark: _Ref419281729]Figure 1 UL allocations in the 4 TTIs prior to measurement gap is not usable by UE.
With the gap patterns this means that when the UE is configured with either GP0 or GP1 the loss of UL scheduling opportunities will be 10 TTIs which means that the impact on UL scheduling is either 12.5% or 25% depending of used GP.
Reduced Gap impact on UL scheduling
One way to reduce the UL scheduling impact is to enable usage of the UL allocations received in the last 4 TTIs prior to the gap in the 4 TTIs immediately following the measurement gap. This is illustrated in Figure 2.
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[bookmark: _Ref419281637]Figure 2 PDCCH UL allocations prior to MG are valid for TTIs after the MG.
Enabling usage of 4 additional UL TTIs for each measurement gap has the opportunity to decrease the effective UL scheduling impact with up to 40% per gap. In addition it increases the overall UL scheduling opportunities with 10% for GP0 and 5% for GP1.
Besides the gain in enabling more UL scheduling opportunities for UEs assigned with gaps there might also be a positive effect on the UE power savings. Reason being that the UL scheduling can be done in a denser manner potentially reducing the overall on time for the UE. Additionally – even though the UE cannot have UL scheduling allocations for the 4 TTIs after the gap, the UE will anyway have to monitor the PDCCH for possible allocations.
In principle this approach can be used together with any type of measurement gap pattern. I.e. as explained it work with existing gap patterns but it would likely also be possible to apply to new GPs potentially defined by RAN4.
We propose to capture this solution as one solution option in the TR for measurement gap enhancements.
Proposal: Capture the presented solution as one candidate solution in the measurement gap enhancement TR.
3 Conclusions 
In this paper, we have presented a possible enhancement of measurement gaps in terms of how to improve scheduling opportunities for a UE with configured measurement gap. We presented at a solution which improve UL allocation and scheduling opportunities when gaps are active, decreasing the effective UL scheduling gap with up to 40%.
Based on the discussion we propose following:

Proposal: Capture the presented solution as one candidate solution in the measurement gap enhancement TR.
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