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1
Introduction
In the TR study on scenarios and requirements for next generation access technologies [2] 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 [2]. 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 meeting in Göteborg UL mobility was discussed in connection with the high speed scenarios e.g. in[4]

 REF _Ref463011872 \r \h 
[5]. Solutions to address mobility challenges in high speed scenarios have also been discussed for LTE both in RAN2 and RAN4. Following agreements were made (in 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



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. The discussion and simulation results are basis for a number of proposals for baseline requirements for NR cell detection and measurements. 
2
Discussion

In RAN1 meeting Göteborg UL based mobility was discussed as one possible to way to improve high speed mobility for UEs in inactive state (or idle mode). It was proposed, that for each DRX (paging cycle) the UE performs a synchronisation. If the UE detects a change (e.g. Zone change), it will transmits an UL signal, which will be used by network for measuring UE UL RS signal and TRP selection.

UL based mobility would be used to address the challenge known e.g. from high mobility while UE is applying sleep in form of DRX when it is not active. DRX can in general be applied in idle mode DRX (paging cycle) and connected Mode DRX (C-DRX). I.e. although idle mode was discussed in [4] same challenge exists for Connected mode when C-DRX is in use. 

While the exact details of the UL mobility are still open, it is clear that there might be significant impact also on network – e.g. cell search/selection is to be carried out by the network. When discussing robust mobility in general both UE and eNB impact shall be taken into account. Furthermore, in context of NR and strive for common frame work, means to  enabling operation in different frequency ranges and also with different kind of beam architectures (single and multi-beam) should be considered
2.1 Baseline 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 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). 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 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. In idle mode network could use shortest paging cycle – even introducing shorter cycles might be considered as simple solution. Again this might have negative implications to UE power consumption.
Cell change latencies are 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. In context of NR, as raised earlier, it is important to consider also the beam related procedures to enable support of both, single- and multi-beam operation with different architectures.
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). In LTE the scheduling of the measurements and cell detection procedures are left to UE implementation but it would seem practical to assume that these are done in conjunction with other RX activity (e.g. paging detection)
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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. As in case of IDLE mode the detailed scheduling of the measurements is left to UE.
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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 scale according to the considered RX activity cycle. 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. 

Similar approach should be as a starting point for NR in order to enable good UE power saving opportunities. 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 also the BS power consumption should be taken into consideration at an early stage.
Observation 1: UE and eNB power savings needs to be considered in the early phases of the NR design.
Currently RAN4 has an ongoing WI addressing high speed train scenario [7]. 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.

Following results show the simulation results from UE under HST conditions and in C-DRX when applying such solutions [10]. We assume a speed of 350km/h, different load conditions and different C-DRX cycles of 0 (no DRX), 160, 320 and 640ms. We consider two different UE assumptions in order to evaluate the impact from 1) cell detection delay and 2) measurement delay:
1) cell detection delay is 1 and measurement delay is 2 DRX/measurement cycles

2) cell detection delay is 5 and measurement delay is 3 DRX/measurement cycles

In Figure 3 we see the number of number of successful handovers per call per second and number of ping-pongs per successful handover.
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Figure 3. Handover success ratio per call (per second) and ratio of ping pongs

As can be seen the number of successful handovers does vary a bit as a function of the UE cell detection and measurement performance when the latencies are short, load is low and DRX is short. Reason for this is that under these conditions there is also an increased number of ping-pongs.
In figure 4 we show the Time of Outage time as a function of the DRX, cell detection and measurement latency and the load. We observe that, as expected, the outage time is longest for the case when we have the longest UE latencies in cell detection and measurement combined with long DRX.
[image: image5.emf]
Figure 4.Outage time for different DRX cycles

In figure 5 we illustrate the UE outage portion for the same scenario. We observe that in worst case we have an outage time of 4% while it is otherwise possible to keep this time below 1%. It should be noted that no measurements thresholds have been used as this is high speed scenario.
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Figure 5. Portion of UE outage
From these simulation results, we can make following observations:
Observation 2: Cell detection delay and measurement delays plays a significant role in the overall handover performance.

Observation 3: Longer cell detection and measurement latencies increases the outage time (at moderate load).

Additionally the actual cell switching time, time needed for any necessary SIB reading before paging reception or access procedure is possible, will add to the total outage time. In context of NR, also beam related procedures should be considered.
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 this we propose:

Proposal 1: Synchronization signal design in NR should aim at enabling fast and robust synchronization at UE.
Proposal 2: Design of measurement signal(s) in NR should aim at reducing measurement latencies while ensuring accuracy.

Proposal 3: Latency from receiving necessary system information for enabling cell access should be minimized.

2.2 UL Mobility
Introducing new mobility principles need careful consideration and analysis. First, there would need to be an identified problem with existing mobility procedures. High speed scenarios are challenging. The problem would need to be evaluated at least based on the NR system design in terms of synchronization and measurements. Secondly, when discussing solutions, the impact on UE shall be considered as well as the impact on eNB. E.g. both UE and eNB complexity and power consumption (or power saving opportunities) would need to be carefully analyzed. 
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 as UE needs in any case to be able to synchronize to the DL. In NR context this would also imply synchronization to the beams, at least in case of multi-beam operation.  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 [2] mentions that up to 1000 passengers per high-speed train for high speed scenario. Preserving capacity and 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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Figure 6. Illustration of UE and eNB activity
When UE enters new cell/zone 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). Depending on the considered deployment this may also imply establishing some association to the BS DL beams. Typically, this is followed by UE reading SIBs necessary for accessing the cell. It could also be considered that this is not needed and that UE would not need any additional or very little information from the cell/zone.  Once the required information is obtained, and UE is well enough synchronized to fulfil UL transmit accuracy, the UE will transmit the UL mobility signal. Note that especially in scenarios where no reciprocity can be assumed, UE would need to transmit this so that it could be received by proper beam in BS. Related aspects are further discussed in [8]. 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. Hence, the benefits that could be obtained from UL based mobility in IDLE or in similar states could be questionable in terms of gain.
When discussing UL mobility we also discuss autonomous UE mobility. Autonomous UE mobility can have some benefits in some scenarios, but it may also lead to an increase in outage time. E.g. if the network assumes UE to be present in one cell while the UE is actually autonomously moving to another cell – during such scenario, if the network schedule the UE it will waste resources as the UE is in outage – not reachable by network. As discussed above it is not clear if the outage time could be reduced through UL based mobility, especially if we consider the beam selection related procedures.

Observation 4: Benefits of introducing UL based mobility for inactive-type states with long DRX cycles should be carefully considered

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 mobility based signals to other UL traffic is likely rather minimal. Such UL signals could be by network for mobility purposes – or they could be used in different ways. Furthermore in relation to active state beam management procedures there could be some benefit to consider UE UL assisted procedures, as discussed in [8].
Observation 5: UL assisted procedures for active state beam management could provide some benefit. 
As explained in the former section cell detection and measurement delays plays a significant role in the overall mobility performance, and play also an important role in multi-beam operation to ensure coverage. Therefore, it is of vital importance to analyze the performance of the mobility under the expected latencies when using synchronization and measurements signals designed for NR. 
Observation 6: Assumed cell detection and measurement delay contribute significantly to the overall delays and an attempt should be made to minimize them.
2.3 Power consumption models
To evaluate the UL mobility and also mobility procedures in general, it would be beneficial to agree on some (simplified) power consumption models for UE and eNB. Naturally from mobility perspective there are also other KPIs, e.g. maintain the service continuity, but it could be beneficial if power consumption could be considered as a part of the evaluation. In early stage of LTE discussion such model was proposed and used in order to evaluate C-DRX and UE power savings. Similar simple model can likely be re-used although the latencies can be expected to be shorter. The related states and considered parameters are illustrated in figure and table below
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Figure 7. UE power saving model states
Table 1. UE power saving model parameter
	Parameter
	Label/value
	Default value

	Absolute power consumption in “Active with data tx” state. Relative Upper limit set to get some absolute numbers on the graphs.
	Pat
	1000 mW

	Relative power consumption in “Active data/no data rx” state.
	Par
	0.50*Pat

	Relative power consumption in “Deep sleep” state.
	Pds
	0.00*Pat

	Relative power consumption in “Light sleep” state.
	Pls
	0.02*Pat

	Duration of transition from “Deep sleep” to “Light sleep” state.
	Td2l
	xms

	Relative power consumption while changing from “Light sleep” to “Light sleep” state.
	Pd2l
	0.08* Td2l

	Duration of transition from “Light sleep” to “Active with (no) data rx” state.
	Td2l
	xms

	Duration of transition from any active state to any sleep state
	Tat2d or Tat2l or Tar2d or Tar2l
	0ms


Actual power consumption numbers are all relative. All time delay numbers will depend on the cell synchronization and measurement reference signal design and requirements.
Similar simple model would be needed for eNB side. Companies are encouraged to bring their views on an eNB power consumption model. 
3
Conclusion
In this paper, we have discussed high speed mobility scenario in general and provide some simulation results indicating which performance can be expected assuming latest development. Based on the discussion and simulation results we make following observations regarding the baseline mobility performance:

Observation 1: UE and eNB power savings needs to be considered in the early phases of the NR design.

Observation 2: Cell detection delay and measurement delays plays a significant role in the overall handover performance.

Observation 3: Longer cell detection and measurement latencies increases the outage time (at moderate load).

In respect to UE based UL mobility we make following observations:
Observation 4: Benefits of introducing UL based mobility for inactive-type states with long DRX cycles should be carefully considered

Observation 5: UL assisted procedures for active state beam management could provide some benefit. 
Observation 6: Assumed cell detection and measurement delay contribute significantly to the overall delays and an attempt should be made to minimize them.
In addition, we propose following as input for baseline requirements for NR cell detection and measurements: 
Proposal 1: Synchronization signal design in NR should aim at enabling fast and robust synchronization at UE.

Proposal 2: Design of measurement signal(s) in NR should aim at reducing measurement latencies while ensuring accuracy.

Proposal 3: Latency from receiving necessary system information for enabling cell access should be minimized.
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