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1 Introduction
[bookmark: _Ref178064866]One of the objectives of the new study item [SI: FS_NR_newRAT] approved in RAN #71 is to study the mobility in NR [1]. In RAN2 #96 meeting, downlink RRM measurements is regarded as one of the major topics for NR mobility with RRC involvement. Moreover, the following agreements for RRM measurements under connected active mode have been reached [2][3]: 
	Agreements for connected active in [2]
1. The scope of the RRM measurement should mainly be to facilitate the RRC driven ‘cell’ level mobility.
2. RAN2 working assumption to be confirmed by RAN1: 
a) Connected active mode RRM measurement and reporting based on at least the signals used by idle mode RRM measurement should be supported in the NR.
b) Additional RS may need to be used for RRM measurement in the connected active mode besides the signals used by idle mode RRM measurement, which is dependent on RAN1’s decision.
3. The RRM measurement framework (measurement object, measurement id, reporting config) in LTE as a baseline in NR.

Agreements for connected active in [3]
1. RRM measurement for cell level mobility should be performed based on a common framework regardless of network beam configurations (e.g., number of beams) and the UE beam configuration.
FFS: Which beams the UE selects from the detected beams in order to derive a cell level quality. Options to be studied: 
a) best beam, 
b) N best beams, 
c) all detected beams
d) beams above a threshold.
Other options are not precluded 



In this contribution, we discuss the highlighted aspects in the agreements related to downlink RRM measurement for NR inter-cell mobility.
2 Discussion
2.1 Challenges for NR mobility under high frequency deployment
In LTE, the operations during mobility, including cell reselection and handover, are based on the measurement results of the reference signal, which is transmitted through an omni-directional (or wide) beam covering the whole cell (or sector), and the UEs served by the same cell will measure the same reference signal. As for the NR system, it is envisaged to operate over frequency ranges up to 100GHz, which is considered as an important technology for capacity improvement. However, here comes the challenges of fragile radio link and high penetration loss especially for the high frequency scenario (e.g., above 6GHz), and beamforming becomes an essential technique to address those problems. As a result, beams will play the inevitable role and the UE needs to measure different reference signals corresponding to different beams even in the same cell. It is thus obvious that the measurement procedures for mobility in NR will be different from that in LTE. In the following, we will give a brief introduction of the NR mobility, and then list the new challenges appeared in NR mobility.

2.1.1 NR mobility scenarios
In NR, there exist two levels of mobility according to whether the RRC is involved or not, detailed as follows.
[image: ]
Figure 1. Two levels of mobility in NR system

· Intra-cell mobility (mobility without RRC involvement)
Intra-cell mobility refers to the mobility among different beams within the same cell (as Level 1 illustrated in Fig.1). Note that such mobility takes place within the same NR cell (e.g., TRPs scheduled by a single MAC entity). Specifically, there are two subcases under the intra-cell mobility, namely, a) beam changes under the same TRP, and b) beam changes among different TRPs within the same cell. No matter which subcase a) or b) happens, this kind of mobility is regarded as intra-cell beam level mobility, which should be handled at low layer (e.g., at MAC /PHY) as much as possible with zero or minimum RRC involved. 

· Inter-cell mobility (mobility with RRC involvement)
Inter-cell mobility refers to the mobility between different cells (as Level 2 illustrated in Fig.1). Specifically, it is the beam change between TRPs belonging to different cells. This kind of mobility takes place with the handover procedure and the change of scheduler, and thus higher layer procedures and inter-node signaling exchange are unavoidable. It should be noticed that cell level mobility is also based on beam changes, just among beams belonging to different cells.

Observation 1 Two levels of mobility exist in NR system, namely, intra-cell mobility and inter-cell mobility.

2.1.2 New challenges in NR mobility
· Huge UE measurement overhead
Due to the fragileness of the high frequency, even a small rotation or a little movement at the UE side may lead to beam change. Hence, in the NR system, frequent beam changes will happen during UE mobility. If we still apply the existing LTE measurement procedure for NR mobility, then the UEs need to measure a) all the beams within the serving cell for intra-cell mobility and b) all the beams belonging to all the neighbor cells for handover. It is obvious that the number of beams for UE to measure will become extremely large in NR, leading to a huge measurement overhead on UE. Considering that the mobility takes place quite frequently, to ensure good user experience and high system performance, the huge UE measurement overhead should be reduced as much as possible. 
          
· Measurement framework design for various usage scenarios in NR
In order to reduce the huge measurement overhead at the UE side in NR, improving the LTE measurement mechanism (which is the baseline for NR [4]) to make it more suitable for NR becomes crucial. Moreover, current measurement mechanism used in LTE, which is suitable for omni-directional (or wide) beams, may not be feasible for NR with the highly-directional beams. For example, for UEs with fast moving speed in NR, a large amount of beam changes will happen, which will lead to problems like the measurement report failure and the handover failure [5]. Hence, measurement mechanism for NR should take various usage scenarios into consideration. 
Observation 2	UE measurement overhead reduction and measurement framework design for various usage scenarios are two crucial issues for NR system and need to be addressed.

2.2 Downlink measurement mechanism design 
In this section, we discuss the downlink measurement procedure for NR mobility. Briefly speaking, a three-step measurement procedure (illustrated by Fig. 2) for reducing the UE measurement overhead will be shown.
[image: ]
Figure 2. Three-step measurement procedure for inter-cell mobility in NR

•	Step 1: Measurement triggering
In conventional LTE system, the measurements (RSRP) are at the cell level granularity. However, this measurement triggering scheme may not be very suitable for NR system where large number of beams exists within a cell. For example, the RSRP curve of one TRP may fluctuate itself because of beamforming, and thus the RSRP curve of the serving cell is not changing smoothly but with lots of fluctuation [7]. It is thus obvious that the RSRP curve will have many crosspoints with the threshold line (s-Measure). Therefore, for NR system, the purely quality-based measurement triggering principle should be further improved, where other factors need to be taken into consideration besides the serving cell quality.
Note that NR system supports various usage scenarios, and thus the measurement triggering principle for NR should be feasible for different types of UEs. Here, we take the UE location and UE speed into consideration for measurement triggering point design. Specifically, for the UE located in the coverage area of the serving cell, gNB needs to detect whether it is a high-mobility UE or not. If the number of beam switching during time period T exceeds threshold N, then high-mobility UE is detected (c.f. Section 5.2.4.3 of [8]), and the beam measurement for inter-cell mobility is triggered right after the detection of high-mobility. Otherwise, the UE is a common-mobility UE, and the measurement is triggered when the UE is connected to a cell-edge beam. Such measurement triggering principle is illustrated as Fig. 3.
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Figure 3.  Measurement triggering principles for difference cases

Proposal 1	If the number of beam switching within the serving cell during time period T exceeds threshold N, then high-mobility UE is detected.
Proposal 2	For high-mobility UE, the measurement for inter-cell mobility is triggered right after the high mobility detection. 
Proposal 3	For common-mobility UE, the measurement for inter-cell mobility is triggered when the UE is connected to a cell-edge beam.

•	Step 2: Beam information delivery from neighbor gNB to serving gNB (online or offline)
This step can be accomplished online or offline, details are shown as follows.
(a)  Online case
The online case corresponds to the on-demand beam information delivery. After step 1, if the measurement for inter-cell mobility is triggered, then the serving gNB will inform the neighbor gNB about the UE location information and send a request to the neighbor gNB for the beam information of the neighbor cell. Next, the neighbor gNB will deliver a group of beams to the serving gNB, where the coverage areas of these beams are close to the UE location. This round-trip process can be finished through X2 interface. With this step, the serving gNB can obtain a group/subset of beams from the neighbor gNB, whose coverage area is close to the target UE location.
(b)  Offline case
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The offline case corresponds to a periodic or semi-static beam information delivery, where the target gNB delivers the beam information to the serving gNB periodically or whenever the beam sweeping pattern or the RRM RS resources have changed. Thus, the offline case for step 2 is independent with step 1. Specifically, the neighbor gNB has a beam information table, wherein for each beam of the serving cell, the neighbor cell will list a group of beams corresponding to it, as shown in Table 1. The coverage areas of the neighbor cell beams in one group/subset will be relatively close to that of the corresponding serving-cell beam. This beam information table is updated by the neighbor gNB and delivered to the serving gNB periodically or whenever the beam sweeping pattern or the RRM RS resources have changed. As such, for each UE with measurement triggered, the serving gNB will directly know from this table that which beams in the neighbor cell should be informed to the UE for measurement.

Table 1. Example of the beam information table
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[bookmark: _GoBack]Proposal 4	UE location and beam information can be exchanged between gNBs through X2 interface. For each UE, the serving gNB can obtain a group/subset of beams of the neighbor cell for this UE to measure during inter-cell mobility.
 
•	Step 3: Beam subset notification to the UE for measurement
In this step, the serving gNB will inform UE a group/subset of beams obtained based on step 2. The beams in such group/subset are for UE to measure for inter-cell mobility. Note that the group/subset can be composed of (a) beams belonging to one or multiple TRPs in the neighbour cell, and (b) the 'beams' mentioned in (a) can be partial or all the beams of a TRP. As such, four beam subset patterns exist, as shown in the figure below.
[image: ]
Figure 4.  Beam subset patterns in the neighbor cell

Proposal 5	Serving gNB inform a subset of beams of the neighbor cell(s) to the UE for downlink RRM measurement.

As a summary, the above showed three-step measurement procedure for NR mobility can be demonstrated by the following flow chart (Fig. 5). With such measurement procedure, the UE measurement overhead can be effectively reduced since that the UE only needs to measure the beams in one beam subset, instead of all the beams of the neighbor cell. 

[image: ]
Figure 5.  Downlink measurement mechanism design with adaptive trigger point
3 Conclusion
The followings have been observed:
Observation 1    Two levels of mobility exist in NR system, namely, intra-cell mobility and inter-cell mobility.
Observation 2    UE measurement overhead reduction and measurement framework design for various usage scenarios are two crucial issues for NR system and need to be addressed.
The followings have been proposed:
Proposal 1	If the number of beam switching within the serving cell during time period T exceeds threshold N, then high-mobility UE is detected.
Proposal 2	For high-mobility UE, the measurement for inter-cell mobility is triggered right after the high mobility detection. 
Proposal 3	For common-mobility UE, the measurement for inter-cell mobility is triggered when the UE is connected to a cell-edge beam.
Proposal 4	UE location and beam information can be exchanged between gNBs through X2 interface. For each UE, the serving gNB can obtain a group/subset of beams of the neighbor cell for this UE to measure during inter-cell mobility.
[bookmark: _In-sequence_SDU_delivery]Proposal 5	Serving gNB inform a subset of beams of the neighbor cell(s) to the UE for downlink RRM measurement.
[bookmark: _Ref450851786][bookmark: _Ref174151459][bookmark: _Ref189809556]4 References
[1] RP-160671, New SID Proposal: Study on New Radio Access Technology, RAN #71, 7-10 March, 2016.
[2] R2-167836, “Consideration on the Measurement for NR”, ZTE, RAN2 #96, 14-18 Nov. 2016.
[3] R2-168042, “Cell Quality Derivation based on Measurements from Individual Beams”, Samsung, RAN2 #96, 14-18 Nov. 2016.
[4] R2-166337, “Consideration on the RRM Measurement for NR”, ZTE, RAN2 #95bis, 10-14 Oct. 2016.
[5] R2-165180, “High Frequency Mobility Framework (RRC level)”, Samsung, RAN2 #95, 22-26 Aug. 2016.
[6] 3GPP TS 36.331: “3rd Generation Partnership Project; Technical Specification Group Radio Access Network; Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control (RRC); Protocol specification”.
[7] R2-165015, “Measurement in NR”, Intel, RAN2 #95, 22-26 Aug. 2016.
[8] 3GPP TS 36.304: “3rd Generation Partnership Project; Technical Specification Group Radio Access Network; Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) procedures in idle mode”.
	4/6	
image3.png
# of Beam
switchingin 7>

Threshold N

High-mobility UE Common-mobility UE

!

high-mobility detection

€am connection




image4.png
Serving cell beal

dex Neighbor cell beam index

i , 4 5 8

2 2 3 6 7




image5.png
(B) All beams belonging to 1 TRP

(A) Partial beams belonging to 1 TRP

(D) All beams belonging to multiple TRPs

(C) Partial beams belonging to multiple TRPs




image6.png
Fast-moving UE
Identification

Edge Beam
Connection

Measurement Trigger
—
(Inter-Cell Mobility)

Beam Subset Information
Delivery (online or offline)

Final Beam Subset Selection
& UE Notification




image1.png
NRcell 1

(=,

4

Level 1:
Intra-cell mobility

~Ss

S J )
Level 2: T
Inter-cell mobility

‘/-

..)




image2.png
Step 2. Beam subset
information delivery
(online or offline)

inal beam subset @
selection and UE Measurement g @

notification Triggering L "Sapgppuunnns




