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1	Introduction
Mobility related aspects for NR have been discussed in last RAN1 meetings. Also the related aspects have been considered in other WGs, mainly in RAN2. Following agreements were made during RAN1#86:
	Agreements:
· For RRM measurement in NR, at least DL measurement is supported with the consideration on
· Both single-beam based operation and multi-beam based operation
· FFS: Definition of RRM measurement for multi-beam based operation
· FFS: DL signal for RRM measurement
· FFS: When DL measurement is applied
· Note that there is no conclusion that DL measurement is a complete solution for RRM measurement in NR for now



Further agreements were achieved during RAN1#86bis:
	Agreements on R1-1610975	 WF on DL measurement for L3 mobility	Samsung, LG Electronics, NTT DOCOMO, AT&T, Ericsson, Intel:
· Note: In this WF, IDLE mode refers to a UE state similar to LTE IDLE state, whose exact definition is up to RAN2
· Note: In this WF, CONNECTED mode refers to a UE state similar to LTE CONNECTED state, whose exact definition is up to RAN2
· Note: In this WF, cell refers to NR cell which is tied to a same ID carried by NR-SS.
· Detailed definition of NR cell FFS
· NR supports cell-level mobility based on DL cell-level measurement (e.g. RSRP for each cell) in IDLE mode UE



And throughout RAN2#95bis the following agreements have been reached:
	Agreement
1: Concerning RRC driven UL-based connected mode mobility:
•	For connected active state mobility, DL-based handover is supported, and UL based mobility can continue to be studied.
•	For connected inactive state, DL-based reselection is supported, and UL-based mobility can also be studied
•	Benefits of UL based mobility, compared to DL based mobility, should be studied with performance analysis.



Based on the general agreements from RAN1#86, RAN1#86bis and RAN2#95bis, related to mobility it seems that there is a common understanding that at least DL mobility support needs to be designed in NR.
In this paper, we will discuss on benefits and drawbacks of having both DL mobility and UL mobility. In addition, we will discuss in which scenario(s) the mobility schemes would be most beneficial to have. 
2	Mobility
Currently in LTE, both idle and connected mode mobility are based on UE DL measurements. For connected mode, measurement results are reported to the network, which in turn commands the UE to perform handover if needed. In Idle mode, the UE changes cell autonomously without any need for interaction with the network (in most cases). Based on the agreements made in RAN1#86, this would appear to be the baseline also for NR.
The key characteristics or KPIs of interest in NR, under the considered scenarios, are the reliability/availability (e.g. handover performance) and user experience (e.g. outage time). These KPIs are highly influenced by the cell change latency in idle mode and connected mode – which in general needs to be minimized. A long cell change time may affect the UE paging reception, and in connected mode long cell change time may impact the network’s ability to schedule the UEs [2].
The primary motivation for UL based mobility as proposed in [4], [5], [7] and [8] seems to be the more beneficial trade-off between UE power consumption and paging delay in idle or RRC-inactive states. Moreover, UL based mobility is seen mostly useful in scenarios where the number of UEs per TRP is small, as otherwise the overhead from UL reference signal transmissions becomes substantial.
In this paper, we will discuss separately both DL and UL based mobility in such a setting. We will also present system simulation results showing the paging performance with DL based mobility.

2.1	Scenario
In the TR on scenarios and requirements for next generation access technologies [1] the high-level assumptions on deployment scenarios including carrier frequency, aggregated system bandwidth, network layout / ISD, BS / UE antenna elements, UE distribution / speed and service profile are proposed. The scenarios include, among others, high speed train and high speed rural scenarios. The details of the scenarios are listed in [1]. Both of these scenarios address high or very high mobility in macro cell deployment (i.e. with ISD of 1732m). The KPIs of interest for these scenarios include the reliability/availability (e.g. handover performance) and user experience (e.g. outage time) [2].
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Figure 1 High speed rural [3]
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[bookmark: _Ref465611102]Figure 2 High speed train scenario for 4GHz deployment [1]



In case of high speed rural [3] (see Figure 1) with UE speeds up to 120 km/h is a reasonable scenario where UL mobility could potentially become useful. We’ll investigate the performance and suitability of DL and UL based mobility in this type of scenario. We consider both the 120 km/h and an extreme 480 km/h UE speeds in the simulations to get an understanding of the absolute worst case performance.
The high speed train (HST) scenario (as shown in Figure 2), on the other hand, seems somewhat misdirected in this context. If all the ~1000 UEs in the fast-moving train have a direct connection to the cells deployed along the track, there is unnecessarily high signal overhead due to the frequent cell changes: Tracking area updates in the case of DL based mobility, UL reference signal transmissions and (potential) network responses to those in case of UL based mobility. Moreover, the penetration loss due to the UEs being inside the train would pose a further challenge. Thus, a more reasonable deployment would be based on a fixed deployment of a relay or RRH within the train. This would no longer have the power limitation for the UEs and therefore it would not need to save power with idle/inactive state connection to the network along the track. The UEs inside the train would then be stationary relative to this relay/RRH, what in turn means that DL based mobility would be sufficient. Due to these reasons, in this paper we will focus on the closer analysis of high speed rural scenario instead of the HST scenario. 
If proper evaluation of mobility in the HST scenario is desired, then the agreed assumptions from [1] should be used considering also the relay deployment. Macro only deployment (as assumed in [3]) is not ideal in this case, so instead of introducing a complex feature for a rare scenario, it could be accepted that the UE paging delay may be slightly impacted (the simulation results presented in this paper show that performance impact is small).

2.2	DL based mobility
When UE is paged, the paging may be missed because either the signal quality is low, or because the UE is not listening to the cell(s) where it is being paged. Thus, it is important that the cell reselections as well as tracking area updates are done without unnecessary delay.
The delay is affected by the DRX or paging cycle used. With shorter cycle, the network has more frequent paging occasions so the expected paging delay is shorter. Moreover, with shorter DRX cycle, the UE makes more frequent (neighbour cell) measurements and thus the expected cell reselection delay is also shorter. This also makes the expected paging miss rate lower, but means higher UE power consumption due to more frequent measurements and monitoring for paging.
When the cell reselection happens late and the signal quality of the serving cell drops too low, the UE may miss the paging due to this low signal quality.
When the UE has reselected a cell that is in a different tracking area, but hasn’t done tracking area update yet, the paging may be missed as the network does not know it should page the UE in the new serving cell belonging to another tracking area. However, with typical longish paging cycles (hundreds of milliseconds), this typically would not be an issue, as there would be plenty of time to complete the TAU before the next DRX/paging cycle.

2.2.1	DL mobility results
We conducted system level simulations in order to study the effect of paging-miss and paging delay as a function of DRX/paging cycle and system load. The scenario we used is the ‘Rural with high speed UEs’ from [3], for two different speeds: 120 km/h and 480 km/h. We deployed 21 macro cells, with ISD 1732 m, carrier frequency 4 GHz and 20 MHz bandwidth. For LOS/NLOS transitions we have used spatial consistency soft LOS model from [10].
In our analysis, we have varied the network load from low to high (i.e. interference level inside own network). This reflects also the PDCCH interference.	
Paging decoding is considered successful if instantaneous PDCCH SINR > -7dB. More parameters are given in Annex.
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Figure 3 Cell reselections/UE/second (120km/h)
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Figure 4 Cell reselections/UE/second (480km/h)



 
From the cell reselections results we can observe that:
· 120 km/h: Regardless of DRX cycle and load, the number of cell reselection is quite low (between 1 cell reselection in 9 s for DRX cycle 375 ms down to 1 cell reselection in 20 s for DRX cycle 1.5 s)
· 480 km/h: Similar observation as for 120 km/h, but the number of cell reselections is clearly higher (up to 1 cell re-selection in 5 s)
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Figure 5 Paging miss rate for 120 km/h
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Figure 6 Paging miss rate for 480 km/h



From the paging-miss rate results we can observe that:
· Increasing the DRX cycle, the paging miss rates remain rather low to pose any problems in DL 
· 120 km/h: very low page-miss rates (at most 3.0%)
· 480 km/h: low paging-miss rate for DRX cycle 375 ms (up to 3%, when the interference in the network is high), while for DRX cycle 1.5 s the paging-miss rate is 12-17% (for intermediate to high interference in own network)
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Figure 7 Average paging delay, for 120km/h
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Figure 8 Average paging delay, for 480 km/h




The average delay depends primarily on the DRX/paging cycle length (i.e. on average the delay is at least half the paging cycle), less on the paging miss rate. For this reason even getting zero paging miss rates with UL based mobility, we cannot really go for much longer paging cycles without significantly increasing the average paging delay.
Observation 1: DL based mobility provides good paging performance even for high speed UEs. 
Even if somewhat smaller paging miss rates could be achieved with UL based mobility, the average paging delay is primarily determined by the DRX/paging cycle. 
Observation 2: Lower paging miss rate doesn’t significantly improve paging delay which follows basically DRX cycle length. 

2.3	UL based mobility 
In LTE, when a UE is powered on, the first thing it does is PLMN selection. This means that once powered on, UE will scan on all supported RF channels (within its own supported bands) and starts reading for SIBs in order to identify which is the strongest cell on a supported carrier. The procedure of cell selection (done in RRC_IDLE – criterion S, re-selection criterion R) is important as it will enable UE be in an area of a cell, from where it could create RRC connection if needed, or it can be paged if traffic comes etc. Once identified, it will identify a certain PLMN to which it will request to attach to. During attach procedure, UE is provided with a TAI list, which means that when traffic is initiated by e.g. NW or UE, NW knows where to page UE in order to wake it up. Similarly, once it knows its TAI list, while moving, UE does not need to do tracking area updates, unless it gets out of the Tracking Area List (or UE is requested to do TAU periodically). While in IDLE, UE does neighbour measurements (inter-f measurements for e.g. cell re-selection). These measurements are based on synchronizing to the neighbour cells and doing RSRP/RSRQ measurements from reference signals. In addition, UE needs to monitor for paging messages from serving cell for e.g. new traffic, by DRX cycle periodicity timing.
Even if in LTE the procedures are clear, in NR there are basically two distinctive scenarios: One below 6 GHz and one above 6 GHz, referring to > 28 GHz communication. Going beyond 6 GHz, the cell sizes will be much smaller than in LTE and therefore we end up to a UDN type of scenario.
Now, the key question is whether the DL-based mobility (similar to the LTE approach described above) sufficient to support a robust mobility for the UE in idle or inactive state. The results in section 2.2 focus on higher speeds and larger cell sizes, but if we scale the scenario we can see that we could expect similar performance for 3 km/h UE speed (walking speed) with inter-site distance of approximately 11 m i.e. very dense deployment. So if the performance of DL-based mobility is good even in the UDN deployment, there remains the question of potential UE power saving benefit of UL-based mobility.


The UL-based mobility procedures presented in [12], [13] have as a basic principle that the UE sends regular UL signals to the network. The network needs to then acknowledge at least some of these transmissions (otherwise UE does not know if the network is still receiving its transmissions). Even though [12] describes initially a single-step procedure, [14] discusses a two-step procedure. For UL-based procedure to substantially save power, UE would need have a separate "mini Tx" chain for the uplink signal, transmitting a narrowband signal that does not carry any upper layer data [12]. With these assumptions, it was stated that the beacon transmission has insignificant contribution to the total power consumption [13]. Note that these presented considerations do not consider the implications of for example hybrid beam forming either at gNB or UE.
In [11], calculations are presented showing that UL-based mobility (when UE is mainly in inactive state) does not bring UE power saving benefit nor do they lower the signaling overhead. But, as stated in the paper, the analysis does not incorporate the impact of contention based resources usage for UL tracking signal transmission. Due to potential collisions that may happen during the transmissions of UL tracking signal on common resources, these power levels for UL mobility are expected to be higher. Additionally, increasing the number of UEs per TRP, the signaling overhead of UL-based mobility is increased [11]. 
Performance considerations
Comparing the paging performance, in UL based mobility, the UE sending frequent UL beacons signals could be paged faster after a cell reselection/cell change. This is because there would not be need to wait until the next DRX/paging cycle as the paging could be done from the new cell right after measuring UE’s reference signal transmission.
However, even though this can lead to smaller paging miss rate than DL mobility (where we saw that in high speed rural scenario the paging miss rates were below 3 % for 120 km/h), it does not mean that substantially longer paging cycle could be used with UL based mobility. As an example 0 % paging miss rate with 1500 ms paging cycle means on average 750 ms paging delay (from the point of traffic arrival to the point when UE can be paged), whereas 10 % paging miss rate with 750 ms paging cycle means on average roughly only 450 ms paging delay. So to get the same average paging delay, relatively short paging cycle needs to be used with UL based mobility as well. As the results in section 2.2.1 show the average paging delay is primarily determined by the DRX/paging cycle, not by the paging miss rate.
Besides not bringing compelling performance gains, the main problem with UL based mobility for idle or inactive UEs is that it essentially means that UE is periodically polling the network for data. This is not a desirable. The overhead from UL reference signal transmissions from the UEs and responses by the network is also a problem, quickly compounding if the number of UEs per TRP grows.
The reason to deploy UDN is the high user density and high capacity demand. Thus, the assumption that the number of UEs per TRP is low is not necessarily valid in typical UDN scenarios. Because the overhead from UEs’ reference signal transmissions is proportional to number of UEs/TRP (times the number of TRPs receiving each UE’s reference signal), this does not scale well when the number of users increases. In comparison, for DL-based mobility the reference signal transmission does not need to become more frequent when user density increases.

Observation 3: The benefits of UL-based mobility are not clear. Lower paging miss rate does not mean that significantly longer paging cycle could be used. Furthermore, the UL reference signal transmission overhead does not scale well when the user density increases. Thus, in an UDN deployment its usability would limit to cases where the number of UEs per TRP is very small.





3	Conclusions
In this paper, we discussed UL and DL based mobility. In particular, focusing on UE in idle or inactive state. We investigated DL based mobility performance using system simulations and made the following observations.
Observation 1: DL based mobility provides good paging performance even for high speed UEs. 
Observation 2: Lower paging miss rate doesn’t significantly improve average paging delay which follows DRX cycle length. 
Observation 3: The benefits of UL-based mobility are not clear. Lower paging miss rate does not mean that significantly longer paging cycle could be used. Furthermore, the UL reference signal transmission overhead does not scale well when the user density increases. Thus in an UDN deployment its usability would limit to cases where the number of UEs per TRP is very small
Based on the above discussion and analysis, we think that DL based mobility gives very good paging performance in the high speed rural scenario at 120 km/h and reasonably good performance even up to extreme UE speed of 480 km/h. Therefore, we make the following proposals.
Proposal 1: NR mobility should be based on DL based mobility.
Proposal 2: Further study on UL based mobility should be postponed to Phase 2 of NR.
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Annex Simulation parameters
Table 1 General parameters
	Parameter
	Assumption

	System bandwidth
	20 MHz

	Carrier frequency
	4.0 GHz

	Cell layout
	Hexagonal grid, 7 sites, 21 cells per site, with wrap-around

	Network synchronization
	Synchronized

	UE mobility
	120 km/h, 480 km/h

	UE deployment
	Uniform random starting location and direction

	Macro inter-site distance
	1.732 km

	BS antenna height
	35 m

	DL antenna configuration
	2x2 LMMSE-IRC

	Macro BS Tx power
	49 dBm

	Traffic
	Keep alive

	UE maximum Tx power
	23 dBm

	Channel model 
	3D channel model [9]

	Pathloss model - macro
	3D-UMa [9]

	Spatial consistency:
LOS/NLOS transition model
	Soft LOS transition [10]

	PDCCH decoding threshold
	-7 dB

	Cell reselection criteria
	RSRQ

	Cell reselection hysteresis
	3 dB

	Measurement filtering L1
	3 samples (2 DRX cycles in time) 

	Measurement filtering L3
	Coefficient 6, weight 0.35 on newest sample

	Measurement bandwidth
	6 RBs
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