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1. Introduction

This paper provides further considerations on measurement gaps in NR.
2. Discussion
2.1. Measurement gap consideration

· Need of measurement gaps in NR

In NR it is not foreseen that a UE has the capability of performing inter-frequency/inter-RAT measurement without measurement gaps if there is no additional RF chain. In our understanding, the measurement gaps are still needed at least for inter-frequency and inter-RAT measurement in NR.

Proposal 1: Measurement gaps are needed at least for inter-frequency and inter-RAT measurement in NR.
· Measurement gap length (MGL) in NR
In LTE, the measurement gaps are configured for inter-frequency and inter-RAT measurement. The periodicity of LTE synchronization channels (PSS/SSS) is an LTE half frame (5 ms). In order to guarantee that a neighbour cell can be detected regardless of its relative timing to the serving cell and considering the RF retuning and settling time, 6ms measurement gap length is specified.
In NR it is agreed in RAN1 that the SS burst set periodicity could be configured. There is a LS sent from RAN1 [1].
	RAN1 has agreed on a set of configuration values for synchronization signal (SS) burst set periodicity applicable for UEs in RRC_CONNECTED and IDLE mode that are operating in standalone NR cells, and for UEs that are operating in non-standalone NR cells. The SS burst set periodicity is the period in which the same SS block is repeated. The set of configuration values for SS burst set periodicity under consideration for RAN1 are {5, 10, 20, 40, 80, and 160} ms. 


There are also the following agreements in RAN1 [RAN1#88].
	Agreements:
· For detecting non-standalone NR cell, NR should support adaptation and network indication of SS burst set periodicity and information to derive measurement timing/duration (e.g., time window for NR-SS detection)

· For detecting non-standalone NR cell, network provides one SS burst set periodicity information per frequency carrier to UE and information to derive measurement timing/duration if possible

· In case that one SS burst set periodicity and one information regarding timing/duration are indicated, UE assumes the periodicity and timing/duration for all cells on the same carrier

· RAN1 recommends short measurement duration than configured periodicity e.g., 1, 5 or 10 ms

· Note that L1/L3 filtering across multiple periods is still allowed

· FFS more than one periodicity/timing/duration indication 

· If the network does not provide indication of SS burst set periodicity and information to derive measurement timing/duration the UE should assume 5 ms as the SS burst set periodicity

· NR should support set of SS burst set periodicity values for adaptation and network indication

· Candidate periodicity values to be evaluated are [5, 10, 20, 40, 80 and 160 ms]  


The agreements mean that the SS burst set periodicity and the measurement timing/duration would be indicated to UE. In the last RAN1 meeting (RAN1#89), there is further progress on the measurement duration. The measurement duration is confined to 5ms.
	Agreements:
· The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity
· Within this 5 ms window, number of possible candidate SS block locations is L
· The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are

· For frequency range up to 3 GHz, L is 4
· For frequency range from 3 GHz to 6 GHz, L is 8
· For frequency range from 6 GHz to 52.6 GHz, L is 64
Note that RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements


In our understanding, the motivation of restricting the SS blocks into 5ms window is to reduce the searching space for cell detection and measurement. According to these above agreements, there are three cases need to be discussed separately.
· Case 1: Same SS burst set periodicity and timing offset of 5ms window for all carrier frequencies

It means that the measurement gap is UE specific. It is the simplest way to define the measurement gap.
· Case 2: One SS burst set periodicity and one timing offset of 5ms window per carrier frequency 

It means that the measurement gap configuration is frequency specific. This idea of different gap offset on different carrier frequency has been discussed in LTE WI measurement gap enhancement. This idea is complicated and may cause additional interruptions with the certain RF structure. If more interruptions are introduced, the resource utilization will be degraded compared with single gap offset case.
· Case 3: Multiple SS burst set periodicity and timing offset of 5ms window per carrier frequency
Figure 1 gives an example of different timing offset of 5ms window for cell1 and cell2. Cell1 and 2 are on the same frequency. It is impossible that the measurement gaps are configured for different inter-frequency cells since the signalling overhead will be extremely huge and limit the UE implementation freedom. So in this case, one gap shall cover all the time windows on one frequency, then the gap length would be extended. A longer measurement gap would degrade the throughput performance in both the uplink and downlink, because resource assignment would be stopped during the measurement gap. Hence it is desired to minimize measurement gap length when designing the measurement gap. So it is suggested that the timing of the 5ms window of SS blocks shall be aligned for the serving cell and neighbour cells.
Proposal 2: The timing of the 5ms window of SS blocks shall be aligned for the serving cell and neighbour cells.
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Figure 1. Measurement gap for case 3
Based on the assumption that 5ms windows of SS blocks of the serving cell and neighbour cells are aligned, in the following the measurement gap length are analysed. In NR measurement gap length shall include the below aspects:

· (1)RF switching time including RF switching- to and switching back

· (2)Propagation delay between serving frequency and target frequency if they are not collocated. 
· (3) cell detection time window (5ms)
Measurement gap length = time widow (5ms) + (1) + (2) 

. Considering the worst case that serving frequency and target frequency which UE is going to measurement are not collocated, provided that the cell radius is 10km, the maximum propagation delay between the two frequencies are 33us. As we know, in LTE the time taken for RF retuning-to a frequency and the time for RF retuning-back are 0.5 ms respectively. Furthermore there are some margins in reality. 33us introduced by propagation delay is relative small compared with the 1000us retuning time, so we think contribution of the propagation delay is negligible. As we discussed above, 5ms window covers all the SS blocks and the timing offset of the searching window are the same for serving cell and neighbour cell, so we think the measurement gap length in NR could be set to 6ms as LTE.
Proposal 3: The MGL in NR can be 6ms.

·  Measurement gap repetition period (MGRP) in NR
MGRP shall be larger than MGL otherwise the MGRP is meaningless. In LTE, the measurement gap length is 6ms and the measurement gap repetition period is 40ms and 80ms. The MGRP is decided by the LLS. [R4-071874] gave two options of the gap periodicity: 40ms and 120ms. Based on the assumption, cell identification delays of using gaps were simulated. The cell identification delay with 40ms and 120ms gap period were acceptable for companies. Considering MGRP shall be stable across the SFN wrap-around [R4-081862], the 120ms is changed to 80ms.
In NR the resource utilization shall be considered when defining MGRP. In LTE gap occupies 15% (6/40) and 7.5% (6/80) during the MGRP. We think the comparable gap occupation ratio in NR shall be considered. We suggest the legacy MGRP in LTE could be a starting point for MGRP in NR.
Proposal 4: 40ms, 80ms could be a starting point for defining MGRP in NR.
2.2. Cell detection requirements in NR 
· UE Omnidirectional receiver 

For UE with omnidirectional receiver, UE could detect the SS blocks of the neighbour cells within the 5ms time window. 
· UE Beamforming receiver
If the UE performs reception beamforming, it is possible that UE could not hear the SS blocks of the intra-frequency neighbour cells during the 5ms time window. Figure 2 gives an example. Cell1 is serving cell and cell2 and 3 are the neighbour cell. Cell2 and cell3 are intra-frequency neighbour cells. Because the receiver beam of UE is to the cell1’s direction, when UE needs to perform intra-frequency cell identification and measurement, UE needs to stop the service in serving cell, and tune its receiver beam direction to cell2 or cell3. It is to say that UE needs measurement gaps to perform intra-frequency cell detection and measurements. 
Observation 1: For UE with beamforming receiver the intra-frequency cell identification and measurement may need measurement gaps.
Although cell2 and cell3 are on the same frequency, during each measurement gap UE is only able to detect one cell since cell2 and cell3 are at different direction. 
Observation 2: For UE with beamforming receiver only part of cells is covered in one measurement gap at a time.
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Figure 2.

Based on the above discussion, compared with LTE, the UE Rx beamforming shall be considered as an additional dimension to specify the cell identification delay requirements in NR.
Proposal 5: UE Rx beamforming shall be considered as an additional dimension to specify the cell identification delay requirements in NR.
3. Conclusions

This contribution provides the consideration on measurement gaps. The following observations and proposal are provided:
Proposal 1: Measurement gaps are needed at least for inter-frequency and inter-RAT measurement in NR.
Proposal 2: The timing of the 5ms window of SS blocks shall be aligned for the serving cell and neighbour cells.
Proposal 3: The MGL in NR can be 6ms.

Proposal 4: 40ms, 80ms could be a starting point for defining MGRP in NR.
Observation 1: For UE with beamforming receiver the intra-frequency cell identification and measurement may need measurement gaps.

Observation 2: For UE with beamforming receiver only part of cells is covered in one measurement gap at a time.
Proposal 5: UE Rx beamforming shall be considered as an additional dimension to specify the cell identification delay requirements in NR.
4. References

[1] R1-1706717, LS on NR Initial access
[2] R1-1706708, LS on set of configuration values for SS burst set periodicity
[3] R4-081862, Alignment of 120ms measurement gap with SFN period, Nokia, Nokia Siemens Networks
8
1

_1559397847.vsd
�

1


2


SS burst


SS burst set


SS block


time


SS burst set


L-1


L


SS burst


1


2


SS burst


SS block


L-1


L


SS burst


1


2


SS burst


SS burst set


SS block


time


SS burst set


L-1


L


SS burst


1


2


SS burst


SS block


L-1


L


SS burst


Cell 1


Cell 2


gap


gap



_1558801977.vsd

