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1 Introduction

In RAN2#95 Gothenburg meeting, many companies proposed uplink measurement based mobility procedure for NR [4], [5], [6], [7], [8], [9] and RAN2 made the following agreement:

=>
RAN2 will study mobility in connected active state based on UL signals. Study should at least consider power consumption, network internal signalling aspects, scalability, mobility performance, etc.

However RAN2 hasn’t yet agreed to study the uplink measurement based mobility in connected inactive state. 
In this contribution, we describe the high level mobility procedures for DL and UL measurement based mobility. We focus on the UL measurement based mobility in RRC_CONNECTED inactive state.

2 Mobility triggers for NR – which measurement is used?
As [4] and [9] mentioned, there are two types of measurements that can be used in the mobility decision for NR.
-
Downlink measurements
-
Uplink measurements
Given the likelihood of UE SRS or other UL signals being present, and the likelihood of a Cloud RAN implementation, it seems reasonable that both UL and DL measurements should be considered in the mobility decision.

In mobility challenging scenarios such as highway/high speed train scenarios [1], or dense deployment, DL measurement based mobility may have performance limitation, such as significant power overhead for UE to perform frequent and extended cell search, delayed cell re-selection or handover due to bad DL SINR as results of strong interference from neighbouring cells, etc. Therefore, it is expected that, in a mobility challenging scenario, UL measurement based mobility can have multiple benefits compared to DL measurement based mobility, including but not limited to:
· UE power consumption reduction

· Improve paging miss and call setup delay

· NW resource (RS and paging) reduction

· Mobility failure rate reduction

3 DL and UL measurement based mobility procedures

3.1 DL measurement based mobility

DL based mobility has been used in the legacy systems for more than 2 decades so it’s well known how it works.

Figure 1 and Figure 2 below summarize the interaction between the DL measurement based mobility procedure and other procedures:
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Figure 1: DL measurement based mobility without cell search

Note: In LTE system, the DRX wake-up and paging occasion are always overlapped.
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Figure 2: DL measurement based mobility with cell search

In Figure 2, UE is forced to perform a cell search e.g. due to the serving cell’s radio condition degradation.

3.2 UL measurement based mobility
Uplink measurement based mobility has the following characteristics:

· UE sends uplink reference signals (ULRSs) and the network measures them and makes a mobility decision based on the uplink measurements. A different uplink reference signal resource would be used in a different RRC state. In RRC_CONNECTED active state, SRS type of uplink reference signal is used and in RRC_CONNECTED inactive state, random access based uplink reference signal is used.
· Neighbour TRPs are able to monitor the uplink reference signals. 
· To achieve the 2nd bullet point, the TRPs in the uplink measurement based mobility deployment are timing-synchronized. The synchronized region is called “Zone”. Common ULRS configuration is applied in the zone for RRC_CONNECTED inactive state. 
Figure 3 below shows NR RAN architecture with the zone concept. In this figure, the left 2 TRPs are synchronized and so included in a same zone. So UE can perform the UL measurement based mobility between the TRPs. Please note that we assume the zone can be a large city size (e.g. San Diego). ANC stands for access node controller and it’s a centralized unit of NR gNB and TRP is a transmission reception point and it’s a distributed unit of NR gNB.
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Figure 3: UL measurement based mobility – Zone concept

Figure 4 shows a call-flow of Uplink measurements. Basically NR gNB measures uplink reference signals at the DUs and the CU makes a mobility decision based on the UL measurements at the DUs. In RRC_CONNECTED inactive state, all DUs are able to monitor the RA based ULRS. 
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Figure 4: UL measurement call-flow
Figure 5 below summarizes the interaction between the uplink measurement based mobility procedure and other procedures.
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Figure 5: UL measurement based mobility

4 Expected gains
Our RAN1 contribution [2] shows the power analysis on UL and DL based mobility. The simulation model is described in [3].
The following tables show the DL and UL mobility UE power consumptions for the benign low mobility scenario (0-3km/h) and the high speed scenario (120km/h) with the worst UL reference signaling TX power (i.e. max-power ULRS) set-point.

Table 1 UE power consumption under benign low mobility scenario (0-3km/h), i.e., η = 1 and f = 0

	Benign low mobility scenario (η = 1 and f = 0)
	

	DL Mobility
	1.67mA

	UL Mobility
	1.85mA

	Gain (UL compared to DL)
	-10.8%


Table 2 UE power consumption under Rural with high speed (120km/h) UEs, i.e., η = 4 and f = 0.27 
	Rural with High Speed UEs (η = 4 and f = 0.27)
	

	DL Mobility
	3.72 mA

	UL Mobility
	1.85mA

	Gain (UL compared to DL)
	50.2%


Our simulation analysis shows significant advantage (i.e. 50.2%) of UL over DL mobility for “Rural with high speed (120 km/h) UEs” and a larger gain for “High speed train” scenario with respect to UE power consumption. UL mobility entails some loss (i.e. 10.8%) compared to DL mobility for benign low mobility scenarios (0-3km/h).
Proposal 1: Study Uplink measurement based mobility in RRC_CONNECTED inactive state.
5 Conclusion
In this contribution, we have discussed mobility procedures for NR and motivated the need for UL measurement based mobility in RRC_CONNECTED inactive state. Our proposal is:
Proposal 1: Study Uplink measurement based mobility in RRC_CONNECTED inactive state
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