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Introduction
[bookmark: _Ref178064866]In LTE, a UE does mobility measurement based on PSS/SSS/CRS. If PSS/SSS of serving and neighbour cells are at different location, this is categorized as inter-frequency measurement, and then it is a measurement gap assisted scenario. Otherwise, it is categorized as intra-frequency measurement, then measurement gap is not needed.
In NR, there are some new agreements made regarding how to do mobility measurement, e.g. the periodicity of SS transmission, which RS is used to do measurement, etc. Consequently, the design of measurement gaps in NR need to take that into account. In this contribution, we initiate the discussion of the impact of these agreements on measurement gap configuration in NR.
Discussion
Impact of SS Block periodicity on measurement gap
In LTE, there are only two options of periodicity for measurement gap, 40 ms, and 80 ms. According to RAN1 agreement, the periodicity of SS Block burst set can be [5, 10, 20, 40, 80 and 160 ms] for connected UE. See below
Agreements:
· For CONNECTED and IDLE mode UEs, NR should support network indication of SS burst set periodicity and information to derive measurement timing/duration (e.g., time window for NR-SS detection)
· 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 shorter 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]  
Then it is necessary to define another periodicity of 160 ms in measurement gap configuration. Otherwise, when SS Block burst set periodicity is 160 ms, UE can not measure any SS if measurement gap periodicity is set to 40 or 80 ms. 
[bookmark: _Toc485400686]The periodicity in measurement gap configuration of NR need to include 160 ms period option to meet the case when SS Block burst set periodicity is 160ms. 
Necessity to reduce measurement gap assisted scenarios
In LTE 36.300, which scenario is measurement gap assisted, which scenario is not, is summarized in Figure 10.1.3-1 as shown below. 






[bookmark: _Ref478743591]Figure 1： Inter and Intra-frequency measurements scenarios in LTE
According to this figure, scenario A, B, C are not measurement gap assisted, while scenario D, E, F, G is measurement gap assisted. Within D, E, F, G, they can be classified into two groups. For scenario G and F, the measurement signal from target cell is outside UE current operating bandwidth. For scenario D, E, the measurement signal from target cell are still within the operating bandwidth of UE. Anyway all of them are measurement gap assisted. That is, if there is no spare chain, NW need to configure UE a measurement gap regardless if measurement RS from target cell is within UE current operating bandwidth or not. During this gap, NW does not schedule UE, and UE switch its RX chain to the targeting frequency. 
In NR, it has been agreed in both RAN1 and RAN2 that, L3 mobility measurement can be based on CSI-RS in addition to NR-SS.  Although the detailed design of CSI-RS is not decided by RAN1, CSI-RS in NR would be an enhancement to LTE CSI-RS which means the frequency location of CSI-RS would be different from NR SS, and quite flexible.
If whether measurement gap is needed is still according to how LTE does, then almost for all mobility scenarios based on CSI-RS, they are measurement gap assisted scenarios even they are not a measurement gap assisted scenarios from NR SS perspective. This is because even NR SS from serving and neighbour are aligned at same frequency location, NR CSI-RS can be at different frequency location compared to its own cell NR SS and neighbouring cell CSI-RS. Then measurement gap is needed. Apparently, this is not good from performance perspective as in measurement gap NW will not schedule UE.
The reason why measurement gap is needed when measured SS is not at centre N PRB of a carrier in LTE is that according to reference implementation of UE in LTE the neighbour cell measurements may be done by some small (eg 128 point) FFT which allows async (from the serving cell) cells to be measured. In LTE release 8 it has been assumed that there is no digital frequency shift prior to this FFT, so the UE needs to retune if it is to measure cells that are off centre, hence gaps are needed for this architecture.
[bookmark: _Hlk485401608]As UE capability has been always increasing, we think let UE do a digital frequency shift prior to measuring (eg with a small FFT) is not a dramatic requirement. In practise, for UE supporting contiguous carrier aggregation with a single RF chain, implementations are likely to be shifting in digital domain prior to making measurements anyway. Further as measurement gaps result that the UE cannot be scheduled during the gap period, we think the need for measurement gap when RS to be measured are within UE operating bandwidth should be considered. Of course, this needs confirmation from RAN4. We therefore propose asking RAN4 to evaluate whether and how it is possible to perform measurements without gaps when the RS of a configured measurement object is within the operating bandwidth of UE.
[bookmark: _Toc485400687][bookmark: _Hlk485401961][bookmark: _Hlk485401287]RAN2 send a LS to RAN4 to ask whether it is possible to perform measurements without gaps when the RS of a configured measurement object is within the operating bandwidth of UE. 
Conclusion
We have the following observation and proposals:
Proposal 1	The periodicity in measurement gap configuration of NR need to include 160 ms period option to meet the case when SS Block burst set periodicity is 160ms.
Proposal 2	RAN2 send a LS to RAN4 to ask whether it is possible to perform measurements without gaps when the RS of a configured measurement object is within the operating bandwidth of UE.
	1/3	
image1.emf
current cell UE target cell

fc fc

Scenario C

current cell UE target cell

fc fc

Scenario A

current cell UE target cell

fc fc

Scenario B


Microsoft_Visio_2003-2010_Drawing1.vsd
current cell


UE


target cell


fc


fc


current cell


UE


target cell


fc


fc


current cell


UE


target cell


fc


fc


Scenario A


Scenario B


Scenario C



image2.emf
current cell UE target cell

fc fc

current cell UE target cell

fc fc

Scenario D Scenario E

current cell UE target cell

fc

fc

Scenario F


Microsoft_Visio_2003-2010_Drawing2.vsd
current cell


UE


target cell


fc


fc


current cell


UE


target cell


fc


fc


Scenario D


Scenario E


current cell


UE


target cell


fc


fc


Scenario F



image3.emf
current cell UE target cell

fc fc

Scenario G


Microsoft_Visio_2003-2010_Drawing3.vsd
current cell


UE


target cell


fc


fc


Scenario G



