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1 Introduction
RAN4#76 in [15] a WF was agreed regarding steps forward on the measurement gap enhancement work. The candidate proposals:

· For both sync and async operation 

· Burst gap pattern/periodical gap suspension
· Reduced MGL with configurable gap offset 

· Reduced Gap impact on UL scheduling

· Reduced MGL with synchronized or coordinated PSS/SSS transmission
And companies were encouraged to provide futher evaluations at least regarding following:

· Inter-frequency identification delay

· Inter-frequency measurement delay

· UE scheduling opportunity for both DL and UL

· It can be equivalent to UE power consumption and/or DL/UL throughput loss due to configured gap, including both measurement gap and small gap

· Other UE and network impact, including but not limited to AGC adjustment, implementation complexity and flexibility

In this paper we will look at the proposal, regarding the UL allocation and scheduling opportunities when gaps are active [16]. 
2 Discussion
Reducing the measurement gap impact on UL scheduling have the possibility to decrease the effective UL scheduling gap with up to 40%. Next we will summarize the proposal followed by an impact analysis of the feature. In order to detail a bit on the specification impact we have also listed how the proposal could be realized as well as looked at impact on other WGs. 

2.1 Measurement Gap and UL scheduling

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.
2.2 Gap impact on UL scheduling
The current gap definition impact on the UE UL scheduling is larger than the DL impact of 6ms and is in fact 10 TTIs. The larger gap in UL transmissions happens as the network cannot schedule the UL resources in the 4 TTIs immediately following each measurement gap. And this is due to the PDCCH used for scheduling those UL resources falls within the 6ms DL gap, where the UE is not receiving the PDCCH. Illustrated in Figure 1.
[image: image1.png]0 1234567 8901234567829

L Il )
L ) . .

T
Measurement UL allocations

UL allocations
possible but gap not possible

cannot be
transmitted





Figure 1 UL allocations in the 4 TTIs prior to measurement gap is not usable by UE.
With the gap pattern definitions this means, that when the UE is configured with either GP0 or GP1 the loss of UL scheduling opportunities will be 10 TTIs for each gap occurrence, which means that the impact on UL scheduling is either 12.5% or 25% depending of used GP.

2.3 Reduced Gap impact on UL scheduling

Reduction in the UL scheduling impact is one simple approach 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. These UL scheduling opportunities are currently not usable by the eNB as the UE shall not transmit any data during a measurement gap. The principle is illustrated in Figure 2.
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Figure 2 PDCCH UL allocations prior to MG are valid for TTIs after the MG.
Enabling usage of additional 4 additional UL TTIs per measurement gap has the opportunity to decrease the negative effect on 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.
2.4 Impact Evaluation
Looking at the evaluation as agreed in the WF the expected gain from enabling more UL scheduling opportunities for UEs with gaps is 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. 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.

Observation 1: Solution can lead to lowered UE power consumption due to reduced ON time.

The proposal will not have any negative impact on the intra-frequency or inter-frequency cell detection and measurement delays as there is no change in in gap pattern. Additionally there will not be any increase in potential interruption rate as this proposal will not increase the impact from interrupt beyond what is allowed with current rules.

Observation 2: No negative impact on the intra-frequency or inter-frequency cell detection and measurement delay are observed.

Enabling usage of additional 4 additional UL TTIs per measurement gap has the opportunity to decrease the negative effect on 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
Observation 3: Additional UL TTIs per measurement gap has the opportunity to decrease the negative effect on UL scheduling impact with up to 40% per gap
This approach can be used together with any type of measurement gap pattern. I.e. as explained it works with existing gap patterns but it would likely also be possible to apply to new GPs potentially defined by RAN4.

2.5 Specification impact
Following we give our view on how the proposal would potentially impact the specification. 
From RAN4 point of view the impact would only be on connected mode and UE measurement capability. As such the actual UE requirements related to monitoring of multiple layers (with or without IncMon) are unaffected. Also the general intra-frequency and inter-frequency measurement requirements are unaffected. Looking at the impact on 36.133 it seems that introducing this proposal does not call for significant changes. One impact on 36.133 identified is in section 8.1.2.1 where there would need to be new requirements covering a UE capable of supporting increase UL scheduling as proposed.

Changes will be necessary also in other WGs. At least RAN2 MAC (36.321) specification might be impacted. UE handling of UL grants, HARQ re-transmission when assigned measurement gap would need to be modified to incorporate increased UL transmissions as proposed. The detailed analysis and impact would need to be evaluated and concluded by RAN2.
3 Conclusions 
In this paper, we have discussed and evaluated in more details the impact related to one of the possible measurement gap enhancements – namely enhancement of UL scheduling opportunities for a UE configured with measurement gap. The presented solution have the possibility to improve UE UL allocation and scheduling opportunities when gaps are active, and decrease effective UL scheduling gap with up to 40%.
Based on the evaluation we observed:
Observation 1: Solution can lead to lowered UE power consumption due to reduced ON time.

Observation 2: No negative impact on the intra-frequency or inter-frequency cell detection and measurement delay are observed.

Observation 3: Additional UL TTIs per measurement gap has the opportunity to decrease the negative effect on UL scheduling impact with up to 40% per gap
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