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1
Introduction
In the TR study on scenarios and requirements for next generation access technologies [7] the high-level descriptions 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 and highway scenarios. The details of the scenarios are listed in [7]. Both scenarios address high or very high mobility in macro cell deployment (ISD of 1732m). The key characteristics or KPIs of interest under the scenarios is the reliability/availability (e.g. handover performance) and user experience (e.g. outage time). 
In RAN1 UL mobility has been discussed in connection with the high speed scenarios e.g. in [7]. Solutions to address mobility challenges in high speed scenarios have also been discussed for LTE both in RAN2 and in RAN4. 
In this paper, we will look more on the high speed mobility scenario in general and provide some simulation results indicating which performance can be expected assuming latest development. 
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



Following agreements have been 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




In addition, 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.


2
Discussion

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 would be useful to have.. 
2.1 Baseline assumption for NR
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 who then 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). 

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 affect the impact the network ability to schedule the UEs.
Minimizing cell change time is therefore beneficial but usually comes at a cost either on UE side or network side. E.g. one simple approach would be that network would not use DRX in connected mode – which comes at the obvious cost of increased UE power consumption (and likely user dissatisfaction). In idle mode network could use shortest paging cycle – even introducing shorter cycles might be considered as simple solution. Impact on UE side is clear.
Cell change latencies is not the only factor related to actual mobility procedures. The latencies are also significantly impacted by the delays coming from cell detection and measurements procedures on UE side. These latencies clearly depend on multiple factors such as the cell synchronization signal design, design of necessary measurement signals as well as the final UE performance latency – as defined in RAN4. Additionally, the overall mobility procedures and requirements may affect as well.
Following two figures illustrates the basic design approach taken in LTE. Figures 1 illustrates the expected LTE idle operation of paging reception - with the understanding that paging cycle and ‘DRX’ cycle being aligned (same). 
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Figure 1 Illustration of UE idle mode paging reception, cell detection and measurement cycle.
Figure 2 illustrates the C-DRX and synchronized PDCCH monitoring requirements (On-Duration) together with cell detection and measurements requirements.
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Figure 2 Illustration of Connected mode DRX, cell detection and measurement cycle.
The LTE requirements were designed in order to enable for such synchronized operation and use that in implementation. I.e. UE paging and PDCCH monitoring requirements (C-DRX) and UE cell detection and measurements requirements, were developed enabling an implementation providing maximum UE power savings. One should use the power savings enabled by specification as baseline for an expected implementation – i.e. an implementation in which the design makes use of the allowed power savings opportunities. 

Additionally, the LTE UE cell detection and measurements requirements were aligned with the paging reception, PDCCH monitoring requirements in order to enable maximum UE power savings.

We think similar design approach should be used as a starting point for NR in order to enable good UE power saving opportunities. And this should also be reflected in the UE requirements. 

It should be noted that above procedure does as such not impact the eNB power consumption except for the fact that as baseline the eNB in LTE is expected to continuously transmit DL synchronization and reference signals. NR shall also take eNB power consumption consideration into the design at an early stage.
2.2 Measurements and Mobility robustness

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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Figure 2 High speed train scenario for 4GHz deployment [1]


2.3
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.

2.3.1
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.

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 10 s for DRX cycle 375 ms down to1 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 (around 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 2.5%)

· 480 km/h: low paging-miss rate for DRX cycle 375 ms (up to 2%, when the interference in the network is quite high), while for DRX cycle 1.5 s the paging-miss rate is under 10% (for  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. 

Currently RAN4 has an ongoing WI addressing high speed train scenario (9). In the WI RAN4 has evaluated the performance under HST conditions. Solutions how to improve the mobility performance under different condition including longer C-DRX cycles is under discussion. One solution discussed is to reduce the measurement latency from 200ms to 120ms. Additionally shorter cell detection latency is under discussion.

From these studies, it was observed in [11]:

· Cell detection delay and measurement delays plays a significant role in the overall handover performance.

· Longer cell detection and measurement latencies increases the outage time (at moderate load).

Additionally the actual cell switching time, fine synchronization, time needed for any necessary SIB reading before access or paging reception etc., will add to the total outage time.

From numerous discussions and simulations it is well known that one way to reduce at least measurement latencies is by increasing the measurement bandwidth. How to improve the cell detection latency depends on the synchronization design. 
Based on the discussion we observe:

Observation 3: Synchronization design in NR should aim at enabling fast and robust synchronization at UE.
Observation 4: Design of measurement signal(s) in NR should aim at reducing measurement latencies while ensuring accuracy.

2.4 On UL Mobility
Looking at UL mobility one would need to consider whether UL mobility is for all states or limited to certain states. For example, as is well known, the LTE idle mode mobility is based on DL measurements only and UE autonomous cell change. Adding UE UL transmissions in addition to existing DL procedures will only increase UE power consumption. Additionally UL mobility will add requirements to eNB side. eNB will have to listen to idle mode UEs UL mobility signaling. E.g. the TR [7] mentions that up to 1000 passengers per high-speed train for high speed scenario. Handling UL mobility signals from a 1000 devices changing cell/zone simultaneously could become a capacity bottleneck and this would need to be considered.

In the following figure below the UE and eNB activity is illustrated concerning what we see necessary for UL mobility, each time the UL mobility signal is transmitted.
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When UE enters new cell in which UE is required to transmit UL mobility signal, the UE would first need to synchronize to the cells DL signal (possibly synchronize and a number of measurements) followed by UE reading SIBs necessary for accessing the cell. Once received, and UE is well enough synchronized to fulfil UL transmit accuracy, the UE will transmit the UL mobility signal. Following the UL transmission the UE would be required to listen in DL for a period of time in order to be able the receive potential eNB reply. UL signal would likely need to be UE specific. Similar process can be expected for connected inactive mode maybe except SIB reading.
Adding UL mobility to idle mode seems questionable in terms of gain. In other states than inactive (Idle), such as active state, UL mobility may give benefits. Assuming that a UE in active state is anyway continuously transmitting and receiving the additional burden of adding possible UL signals to other UL traffic is likely rather minimal. Such UL signals could be used network for mobility purposes – or they could be used in different ways. 

Observation 5: UL mobility seems more feasible for active UEs.
3
Conclusion
In this paper, we have discussed mobility in NR in general and provide some simulation results indicating which performance can be expected assuming latest developments. Based on the discussion and simulation results we propose following as input for baseline requirements for NR cell detection and measurements: 
Observation 1: DL based mobility provides good paging performance even for high speed UEs. 

Observation 2: Lower paging miss rate doesn’t significantly improve paging delay which follows basically DRX cycle length. 

Observation 3: Synchronization design in NR should aim at enabling fast and robust synchronization at UE.

Observation 4: Design of measurement signal(s) in NR should aim at reducing measurement latencies while ensuring accuracy.

Observation 5: UL mobility seems more feasible for active UEs.
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