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1
Introduction 
In [2], a WF on RRM was agreed, with the following measurement gap related topics suggested for further discussion during RAN4-NR#2 meeting:

· Companies may evaluate further the scenarios where measurement gaps are needed for measurements eg inter-frequency measurements, intra-frequency measurements, interRAT measurements

· Further analysis is needed on suitable measurement gap pattern(s) for NR measurements and scenarios in which gaps are needed
In this contribution, we provide our views on the design of measurement gap in NR.
2
Discussion 
2.1   Measurement gap configuration in synchronous network
In this section, we discuss measurement gap configuration (MGC) design in synchronous network. The synchronous network herein means that both slot boundary and slot index of the cells are aligned, where the cells can be from the same or difference frequency carrier(s) 
So far, there is no agreement showing that SS bursts of different cells in the same frequency would share the same time location. Therefore, it is possible that each cell has its own SS burst set periodicity and offset. In Figure 1a, we show an example that we have concern: Here, cells A, B, C and D have different SS burst set periodicities and timing offsets. It would complicate not only the design of measurement gap and UE layer 1 scheduling but also the signaling of assistance information provided in the measurement objects. It is beneficial that the SS burst time location of different cells within the same frequency is aligned. To further reduce UE complexity and signaling overhead, it would be desired to have single SS burst set periodicity and a single SS burst timing offset per frequency, as illustrated in Figure 1b. 
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Figure 1a: Each cell in the same frequency has its own time location
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 Figure 1b: Each cell in the same frequency has same time location

Proposal 1 : The SS burst time location of different cells within the same freq. should be aligned, e.g., single SS burst set periodicity and a single SS burst timing offset per frequency.
In LTE system, the SSS/PSS are periodically transmitted every 5ms. So within 6ms MGL, UE can certainly receive one SSS/PSS and measure inter-frequency and/or inter-RAT cells. However, the existence of SS blocks which carries the RS for measurements (i.e., SSS and/or PBCH DMRS) in NR is now depending on the SS burst set periodicity, which is 20ms for initial access and {5, 10, 20, 40, 80, 160}ms for the case when assistance information is available. However, RAN1 only agreed that the SS burst set periodicity would be signaled to UE. UE don’t know the exact timing location of SS burst. That mandates UE to search throughout the whole burst set periodicity. If we follow the MGL design principle in LTE -- the MGL should be long enough to guarantee the reception of at least one SSS/PSS. The MGL in NR will be a SS burst set periodicity dependent value and may be as long as 160ms.

For example, assuming that MGRP = 320ms, the scheduling opportunity for different gap lengths (window time plus 1ms RF tuning time) are listed in Table 1: 

Table 1: scheduling opportunity for different gap lengths
	Measurement Gap Length (ms)
	Scheduling Opportunity 

(within 320ms)

	6
	(320 -6) / 320 = 0.98125

	11
	(320 -11) / 320 = 0.9656

	41
	(320 -41) / 320 = 0.8718

	161
	(320 -161) / 320 = 0.4968


We can see that the scheduled opportunity of longest MGL might be unacceptably low. That will seriously impact the communication between UE and gNB as well as reduce the UE scheduling opportunity. It is necessary to signal UE the timing offset of SS burst. 
 

Proposal 2 : Timing offset of SS burst should be signaled. So that MGL can be SS burst set periodicity agnostic. 

Different measurement objects would have independent configuration of assistance information on SS burst set periodicity and timing offset. It is difficult to cover all the SS burst time locations of different objects by using only one measurement gap configuration. However, we can leverage the experience from the discovering signal, as captured below from TS.36.133: 
The discovery signal occasion and the measurement gap should be aligned, provided that also the following additional conditions are fulfilled:
Entire discovery signal occasion should be contained in the measurement gap.
If such a principle can be extended to NR, we can ensure that SS burst time location is contained within the measurement gap. It would be sufficient enough to use a single measurement gap configuration for inter-frequency measurement on NR. 
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 Figure 2: An example of using a single MGC to cover the SS bursts of different measurement objects

Observation 1 : If the principle of discovery signal occasion can be extended to NR, it is sufficient to use a single measurement gap configuration with constant MGL and MGRP.  
In last RAN1 meeting [1], it has been agreed that the transmission of SS blocks within a SS burst set is confined to a 5ms window regardless of SS burst set periodicity.

Agreements:

· The transmission of SS blocks within SS burst set is confined to a 5ms window regardless of SS burst set periodicity
This makes it possible to confine the measurement gap length as short as 6ms. RAN4 can further study if any extension is needed.

Proposal 3: RAN4 to further study if 6ms MGL is sufficient or any extension is needed. 

2.2 Measurement gap configuration in asynchronous network

In the asynchronous network, both sub-frame boundaries and sub-frame index of different cells aren’t aligned. The alignment of the timing of SS burst would be even more difficult. In this case, the design of MGC becomes extremely challenging, as one example provide in Figure 3. Some SS bursts may partially overlap with one another. We may need a measurement gap with wide length to cover multiple SS burst from different cells, or need to introduce per-cell measurement gap. (Note that we need to also consider the case where the neighbouring cells change as UE travels and the case of multiple inter-frequency measurement objects.) Therefore, we suggest that how to design the measurement gap in asynchronous network should be further studied.
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Figure 3: An example of the SS bursts in asynchronous network
Proposal 4: How to design the measurement gap in asynchronous network should be further studied.

3
Summary
In this paper, we provide our views on the design of measurement gap for NR in both synchronous and asynchronous networks. We have the following observations and proposals:
For synchronous networks, 
Observation 1: If the principle of discovery signal occasion can be extended to NR, it is sufficient to use a single measurement gap configuration with constant MGL and MGRP.  
Proposal 1 : The SS burst time location of different cells within the same freq. should be aligned, e.g., single SS burst set periodicity and a single SS burst timing offset per frequency.

Proposal 2: Timing offset of SS burst should be signaled. So that MGL can be SS burst set periodicity agnostic. 

Proposal 3: RAN4 to further study if 6ms MGL is sufficient or any extension is needed. 

For asynchronous networks, 
Proposal 4: How to design the measurement gap in asynchronous network should be further studied.

4
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