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1 
Introduction

In RAN#66 meeting, a new SI of measurement gap enhancement was approved [1]. The objectives of this SI are

· Evaluate the design options and corresponding feasibility of measurement gap length, measurement gap repetition period and variable gap pattern

· Evaluate the design options and corresponding feasibility of multiple measurement gap patterns assignment when UE is configured with PCell and one or more SCells, e.g. multiple measurement gap pattern assignment per component carrier, measurement gap pattern for multiple RF chains. Inter-frequency and inter-RAT measurements of layers other than the PCC and SCC(s) should be considered in the evaluation.

· Evaluate the design options and corresponding feasibility of network controlled PCell/SCell interruption

The above objectives should be evaluated based on:

· UE performance aspects such as measurement accuracy, delay, UE power consumption, UE implementation complexity etc. 

· System performance aspects such as impact on scheduling, system throughput, signaling complexity etc.

· UE architectural aspects such as single RF-IC implementation (wherever applicable).

In this contribution, the motivations behind the aforementioned objectives are elaborated. 
2 
Motivations and considered performance aspects
The inefficiency of existing measurement gap configuration has been well recognized. The related discussions are still very diverse and across over quite a few different topics. Unfortunately, no progress has been made so far to enhance the existing measurement gap configuration. Here are some of unsolved issues raised in Rel.12 time frame

· Hetnet mobility enhancement: how to save UE power consumption while treating coverage and offloading layers differently [2,8,9]. 

· PCell interruption: how to make PCell (inter-RF chain) interruption visible and controllable by NW [5,6,7]

· Increased number of carriers for UE to monitor (IncMon): how to reduce the lengthy measurement delay, especially when number of carriers to monitor is increased [3,4]

· CA: How to efficiently exploit unused SCell Rx chain for inter-frequency/RAT measurement and free up PCell DL/UL resources for data communications [5,6]  

The main challenges of the existing inter-frequency/inter-RAT measurement mechanism can be summarized in the following four aspects: 

· Measurement delay and UE mobility

The measurement delay concerns UE mobility issue (e.g. cell reselection, handover) in both IDLE and CONNECTED state. In certain scenarios (e.g. outdoor to indoor), it has been identified that faster inter-frequency and inter-RAT measurements is critical to avoid RLF . Strong interest has been expressed in increasing UE’s capability to monitor more inter-frequency/inter-RAT carriers. This essentially makes it more challenging to avoid significantly increasing the measurement delay based on the existing measurement gap configuration.

Observation 1: With increased number of carriers to monitor and evolved network topology, the exiting measurement gap configuration cannot efficiently maintain the measurement delay. The corresponding UE mobility becomes a concern.

· Network impact and UE scheduling opportunity

As shown in [5], UE will face up to 25% throughput degradation (i.e. 10 subframes per 40ms) in the worst case with the existing measurement gap and a MGRP of 40ms. Out of the 10 impacted subframes, 6 subframes are occupied per measurement gap where UE loses the scheduling opportunity for both UL transmission and DL reception. Another 4 subframes are affected by missing the Ack/Nack due to the measurement gap. With the introduction of CA, extra RF chains become available at UE. It is therefore possible to distribute the measurement gap among different RF chains [6]. In this case, UE can potentially reduce the throughput degradation by increasing scheduling opportunity.

Also indicated in [5], the majority of UE will be equipped with a single chip RF-IC. This may also challenge the existing gap pattern configurations. Due to the imperfect isolation in a single chip RF-IC, PCell interruption is allowed in case of SCell activation/deactivation and/or addition/release in the current spec. As the PCell interruption defined in the current spec is unknown to the network, the negative impacts on network performance are reported in [7]. As a result, it may be beneficial for the network to replace some of such unknown PCell interruptions with a shorter measurement gap to avoid the network ambiguity. 

Meanwhile, due to the new network topology and more advanced receiver implementation (e.g. CRS-IC), UE’s capability to handle the interference has been greatly improved. This essentially makes a shorter MGL (e.g. less than 5ms measurement time) viable without sacrificing the measurement delay and accuracy.

Consequently, it is worthwhile to revisit the existing gap pattern configurations, which include both measurement gap length (MGL) and MGRP.

Observation 2: The existing measurement gap pattern significantly limits UE scheduling opportunity and potentially results in up to 25% of throughput degradation.

Observation 3: The existing measurement gap pattern is inefficient to handle the Inter-RF chain interference issue. This unnecessarily imposes significant implementation restriction at both NW and UE side.

· UE power consumption

With the ever-increasing number of deployed bands and frequencies, the existing inter-frequency/inter-RAT measurement mechanism faces even more challenges to meet the performance requirement while trying to maintain a relatively low UE power consumption. This is especially the case in IDLE state. Fortunately, thanks to HetNet topology, the potential to save UE power consumption by differentiating the measurement requirements for the different frequency layers has been recognized [2]. However, due to the limitation both in time and in the existing gap pattern configuration, it will not be easy to come up with a comprehensive solution in the Release 12 time frame.

Observation 4: The existing measurement gap configuration cannot differentiate the frequency layers in heterogeneous networks. This limits UE’s potential to reduce the power consumption.

· Measurement flexibility

The existing inter-frequency/inter-RAT measurement mechanism limits a single measurement gap with constant gap duration per UE per concurrent measurements. This is a reasonable approach in the era of homogeneous network. With both HetNet and CA introduced, the current measurement gap pattern may limit the flexibility at both network and UE side to balance the different requirements from different frequency layers and accommodate the increased number of frequencies to monitor. At the same time, the hardware advancement also provides UE more rooms to do the measurement in a more efficient way. For example, the CA capable UE not only enjoys superior throughput performance but also has the potential to take more flexibility on the measurement due to extra RF chains. Based on UE implementation, it can be desirable of UE to flexibly distribute the measurement gaps among different RF chains based on the availability, loading, the connection status of PCell/SCells. From the network perspective, more measurement options are also desired to provide the network more flexibility to prioritize the measurement among different frequency layers and balance the UE scheduling opportunity, the network performance and UE power consumption. As proposed in [8], a measurement gap pattern without constant gap duration can simultaneously achieve a better UE scheduling opportunity and save UE power consumption.

Observation 5: Multiple Rx chains equipped in CA capable UE potentially provide an extra degree of freedom for inter-frequency/RAT measurement. This can provide network and UE’s flexibility to balance the measurement delay, power consumption and spectrum efficiency. Unfortunately, CA capability is not exploited in the existing measurement gap configuration.  

Based on above observations, it is proposed that the measurement gap pattern configuration enhancement focus on the following performance aspects 

· improve UE mobility performance by reducing the inter-frequency/inter-RAT identification and measurement delay
· In case of IncMon, the study on normal performance carriers should be prioritized over reduced performance carriers 
· increase UE scheduling opportunity and/or reduce UE power consumption for Hetnet mobility enhancement
· reduce the Ack/Nack missing rate due to PCell/SCell interruption

· exploit the feature of multiple Rx chains equipped in CA capable UE
Obviously, the aforementioned aspects do not have to be completely independent and distinct from each other. For example, doing the measurement by taking advantage of multiple Rx chain can increase UE scheduling opportunity and/or improve UE mobility performance. In other example, a solution to reduce the impact of PCell interruption may also benefit UE scheduling opportunity and, at the same time, improve UE mobility improvement. In other words, a good measurement gap enhancement should be versatile and able to simultaneously address multiple performance aspects.

Observation 6: It is desirable to design an all-weathered and future-proofed inter-frequency/inter-RAT measurement solution by jointly considering all aspects, including but not limited to delay, power consumption, flexibility and network performance.
Proposal: The following performance aspects should be considered in the measurement gap enhancement SI

· improve UE mobility performance by reducing the inter-frequency/inter-RAT identification and measurement delay

· increase UE scheduling opportunity and/or reduce UE power consumption 
· reduce the Ack/Nack missing rate due to PCell/SCell interruption

· exploit the feature of multiple Rx chains equipped in CA capable UE
· Other aspects are not precluded
3 
Conclusion

In this contribution, the motivation and objective of the agreed SI to enhance the measurement gap are discussed. Based on the following observations:

Observation 1: With increased number of carriers to monitor and evolved network topology, the exiting measurement gap configuration cannot efficiently maintain the measurement delay. The corresponding UE mobility becomes a concern.

Observation 2: The existing measurement gap pattern significantly limits UE scheduling opportunity and potentially results in up to 25% of throughput degradation.

Observation 3: The existing measurement gap pattern is inefficient to handle the Inter-RF chain interference issue. This unnecessarily imposes significant implementation restriction at both NW and UE side.

Observation 4: The existing measurement gap configuration cannot differentiate the frequency layers in heterogeneous networks. This limits UE’s potential to reduce the power consumption.

Observation 5: Multiple Rx chains equipped in CA capable UE potentially provide an extra degree of freedom for inter-frequency/RAT measurement. This can provide network and UE’s flexibility to balance the measurement delay, power consumption and spectrum efficiency. Unfortunately, CA capability is not exploited in the existing measurement gap configuration.  
Observation 6: It is desirable to design an all-weathered and future-proofed inter-frequency/inter-RAT measurement solution by jointly considering all aspects, including but not limited to delay, power consumption, flexibility and network performance.
It is proposed
Proposal: The following performance aspects should be considered in the measurement gap enhancement SI

· improve UE mobility performance by reducing the inter-frequency/inter-RAT identification and measurement delay

· increase UE scheduling opportunity and/or reduce UE power consumption 
· reduce the Ack/Nack missing rate due to PCell/SCell interruption

· exploit the feature of multiple Rx chains equipped in CA capable UE
· Other aspects are not precluded
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