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1 Introduction

In LTE, the measurement gap is defined as the periods that the UE may use to perform measurements, i.e. no (UL, DL) transmissions are scheduled. In this period, the UE could perform the measurement for some use cases, e.g. inter-frequency or inter-RAT [1]. In this contribution, we discuss the measurement gap considering the beam introduced in NR, and provide our views. 
2 Discussion

2.1 Intra-frequency Case
In LTE system, the measurement gap for intra-frequency is not needed, since the UE can perform the measurements on neighbour cells based on implementation. The only target which should be satisfied is the accuracy requirements defined in RAN4. The reason behind is that the UE can receive the Reference Signal from intra-frequency neighbours anytime when needed, because there is CRS transmitted in each LTE cells, and UE doesn’t need any gap to monitor the CRS of neighbour cells.

However, for NR system, the CRS is removed. The measurement will be performed based on NR-SS and CSI-RS, and the beam could be identified by SS block identifier and CSI-RS identifier. The difference between LTE and NR is indicated in Figure 1.
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Figure 1. Difference between LTE and NR because of beam sweeping
If the UE could keep active, and try to receive the NR-SS or CSI-RS all the time, there is no problem for intra-frequency measurement, and no measurement gap is needed. However, if some power saving mechanisms, e.g. DRX, would like to be realized in the UE, it should be necessary for the measurement gap configured by gNB covers all possible beam sweeping periodicity of neighbour cells. If the measurement gap is configured too short, some beams from some neighbour cells may not be detected; while if the measurement gap is configured too long, unnecessary UE power will be consumed.

Furthermore, since when the UE with multiple receiving beams performs the measurement on neighbour cells, the data could not be scheduled when the UE would like to do the measurements for all possible beams from neighbour cells. Therefore, the measurement gap should be configured to also guarantee that there is no or less impact on the throughput of UE.

Proposal 1: In NR system, the measurement gap is needed for intra-frequency case for guaranteeing the UE to detect all possible beams of neighbour cells.

2.2 Inter-frequency Case
In LTE system, the measurement gap is defined for inter-frequency and inter-RAT case with fixed gap length (6ms), and two measurement gap patterns (i.e. 40ms and 80 ms) are defined for the oppoutunity to perform the measurements. The UE will follow the gap configurations to meet the accuracy requirements defined in RAN4.
However, in NR system, as discussed and agreed in RAN1, for both intra-frequency and inter-frequency cases, there is no assumption that different neighbour cells will transmit the same number of beams, especially in inter-frequency case. It means that the beam sweeping periodicity and pattern may not be the same for each cells, no matter they are intra-frequency or inter-frequency deployed.
Proposal 2: In NR system, the measurement gap cannot be configured with fixed gap length and static gap pattern as defined in LTE.
2.3 Measurement Gap Configuration

As mentioned by some companies that the detailed configuration of measurement gap should be based on the input from RAN1/RAN4, however, some general principles could still be discussed at current stage.

Based on the discussion in last section, the measurement gap configured should consider the periodicity and pattern of beam sweeping from both intra-frequency and inter-frequency cells, at the same time, the power consumption of UE performing the measurement should also be saved as much as possible and the throughput of UE should not be influenced.
Based on our understanding, generally, there are three options for measurement gap configuration:

[1]. Measurement gap with the longest length covering the beam sweeping of serving and neighbour cells

In this case, the serving cell will configure the measurement gap considering the beam sweeping periodicity and pattern not only from serving cell but also from neighbour cells. The serving cell may even provide the longest gap length considering the worst case defined in RAN1, and guarantee the UE detect all the beams with the measurement gap as indicated in Figure 2. The pros are that the configuration will be quite simple, and not so much signalling overhead will be consumed; however the cons are that the UE should keep detecting all beams in the gap, UE power will be consumed as well as the throughput may be impacted.
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Figure 2. Option 1 
[2]. Measurement gap for each single beam with the starting time and very short length

In this case, the serving cell will configure the starting time and length for each gap very precisely for each single beam. With this configuration, the UE only needs to switch to the corresponding beam for measurements when the starting time is arrived, after the measurements, the UE will switch back to the serving for data receiving or DRX as indicated in Figure 3. The pros are that the UE power will be saved as well as the throughput will not be impacted at all; while the cons are that the configuration will be complicated and the signalling overhead will be large.
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Figure 3. Option 2 
[3]. Measurement gap for multiple beams from different cells with different length and pattern

In this case, the serving cell will consider the information exchanged between the neighbours and itself, and combine the possible measurement gap together as much as possible. Therefore, multiple gap lengths and patterns should be defined as indicated in Figure 4. And in our understanding the trade-off between configuration complexity and UE experience could be achieved.
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Figure 4. Option 3 
Proposal 3: It’s proposed to discuss the above three options and select one for further specification.

3 Conclusions:

In this contribution, we discuss the measurement gap configuration considering the beam sweeping in NR. Based on these discussions, following proposals are presented:
Proposal 1: In NR system, the measurement gap is needed for intra-frequency case for guaranteeing the UE to detect all possible beams sent by neighbours.

Proposal 2: In NR system, the measurement gap cannot be configured with fixed gap length and static gap pattern as defined in LTE.

Proposal 3: It’s proposed to discuss the above three options and select one for further specification.
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