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1. Introduction 

RAN2 have agreed that DL-based mobility will be supported and are studying the benefits of UL based mobility compared to DL based mobility, based on performance analysis, according to the document in [5] and the following agreements: 
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In this paper we would like to highlight some of the scenarios which should be considered.
2. Discussion
In the last meeting, a number of contributions were made performing some analysis on the potential use of uplink measurements for mobility in various circumstances ( [6]
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From the analysis it seems to be clear that there is a significant power saving advantage from the use of uplink measurements in certain scenarios. 
2.1 Scenarios

2.1.1
High speed 

The most significant advantage claimed is that the UE power consumption can be improved considerably when the UE is moving at high speed. In [10] it has been shown that when particular schemes are used there is a potential UE power consumption saving of up to 50% at high speed, while there may be some disadvantage for stationary UEs. From a UE vendor point of view, this is an extremely attractive improvement and should be studied with high priority. Other schemes have been shown to provide power saving gain even in other scenarios, and some optimisation proposals have been made to improve the performance at lower speeds – for example in [14] it is proposed to adjust the rate of transmission of an uplink signal at lower UE velocity. Another approach is to use uplink based tracking only in certain scenarios (e.g. activate only at high speed and use DL measurements at low speed) Therefore, we expect that any perceived drawbacks with certain approaches can be addressed in order to obtain the gains.

We expect that this type of scheme will not only improve UE power consumption, but it has the potential to greatly reduce paging overhead (since UE location is known) and improve page miss rate as well as signaling load, and latency [11]. 
We expect RRC Inactive mode to support uplink based mobility at least in the high speed scenario, and that the analysis should be captured in the TR. 
Proposal 1: RRC Inactive state performance at high speed should be studied with high priority. Power saving and paging and random access performance analysis should be captured in the TR.

2.1.2
Dense Urban

In dense deployments, the increased measurement effort and handover signaling overhead will have a significant impact on UE, or result in an increased handover failure rate [6]. Since several beam management schemes require the use of uplink measurements we should consider how and when this type of measurement can be exploited to improve the performance in RRC connected active mode, both for intra-cell and inter-cell mobility and in particular for the case of dense deployments. 
Paging is a fundamental aspect of the Phase 1 NR study. In a dense urban scenario, there are more eNodeBs and more UEs in a geographic area. Depending on the division of paging resources in a Tracking Area between UEs, UEs may be woken up more frequently to unnecessarily read paging channels, leading to reduced battery life. In contrast, UL Mobility can page UEs in the TRP that received its UL beacon transmission with the highest quality. Hence RAN2 needs to study the design of the paging procedure, including the resources required for paging. Since UL mobility has the potential to significantly reduce the paging load on the network and UE, and given that the paging load is a function of the size of the Tracking Area and density of cells, it is important for RAN2 to consider the dense urban scenario when considering UL mobility. 

Proposal 2: The use of uplink measurements in RRC Connected active state should be studied. Power saving, handover failure rate, paging and signaling overhead analysis should be captured in the TR.

2.1.3
High Carrier Frequency

Some analysis of downlink based handover was made ([2]

 REF _Ref465864561 \r \h 
[3]
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[4]) which shows some problems in certain conditions, namely increased handover failure caused by failure to successfully send measurement reports, in high frequency deployment. At high carrier frequencies, the SINR can change very quickly due to the directivity of transmissions and the propagation losses through objects.
Several enhancements have been proposed to address this deficiency, such as early handover command. The UE would also have to perform measurements very quickly in order to be able to handover at a rate that is higher than the rate at which the channel can deteriorate. 

We propose that use of uplink measurements should be compared to these solutions, since the handover latency can be greatly reduced due to removing the need to transmit measurement reports, which is the primary cause of handover failure. UL mobility could reduce the rate of measurement and quantity of measurement report signaling, thus leading to improved battery lifetime, lower handover failure and greater signaling efficiency. Of course, uplink measurements also have their own challenges at high frequency, such as how to achieve the coverage for an uplink measurement signal without significant power consumption overhead, however we believe these challenges are entirely possible to overcome and will result in better mobility performance overall.
Proposal 3: Methods which use of uplink measurements should be compared to downlink measurements in high frequency deployments, in particular how this affects handover failure rate and the results captured in the TR.

2.1.4
mMTC

mMTC devices are constrained in many ways. Two significant constraints are battery limitations and UE complexity.

mMTC devices can operate in a variety of scenarios. In the reliable tracking scenario (e.g. the tracking of people or cars), the devices can be highly mobile (tracked people on high speed trains). These devices are typically highly battery constrained. 

When operating in high speed, dense urban or high carrier frequency scenarios, the UE measurement load increases for the case of DL mobility, both in terms of the number of measurements that have to be made and the frequency with which they have to be made. The processing loads associated with performing UE measurements may increase UE complexity. Hence the UE complexity of mMTC devices should be taken into account when designing the mobility solution for mMTC devices.

For example, we can use an inactive mode for long periods of time, and avoid large paging overhead if the network is able to track the location of inactive MTC devices.
Proposal 4: The use of uplink measurements should studied for the case of mMTC, for devices that require long battery life and extended coverage.
2.1.5
URLLC
In previous sections, it has been observed that, for the current handover architecture, handover reliability is impaired in some environments, such as dense urban, high speed and high carrier frequency deployments. Unreliable handover has a clear impact on the ability to support URLLC communications. We expect that several types of devices that require very low latency and high reliability, also need to be able to conserve power and move quickly from inactive to active mode. In our opinion, URLLC can be used over a broad range of applications that is not limited to small packet mission critical MTC applications. Virtual reality, gaming and other new applications also fall into the scope of URLLC and need to provide reliable communications in handover situations. Of particular interest is the potential latency gains when changing from a power saving inactive mode to active mode with minimum overhead. 
Proposal 5: The potential latency gain for supporting mobility using uplink measurements for URLLC devices should be studied.
2.1.6
Relays

Relays are part of the phase 2 work for NR, nevertheless we expect to study how to integrate their operation and use in the NR architecture. For LTE, remote UEs perform measurements of signals from relay devices, however this requires relay devices to send a signal constantly in order to allow the remote device to be discovered. In commercial scenarios this implies a lot of overhead, particularly when there is no remote UE to be served. An NR relay is not necessarily in a fixed piece of equipment with a power supply: instead an NR device could operate a relay functionality (e.g. a smartphone relaying to a wearable device). In such cases, it may be undesirable to transmit synchronisation and system information from the relay, since this has negative power consumption implications. In such cases, power consumption of the relay device (e.g. smartphone) may be reduced when UL mobility is applied. It is assumed that the remote device can synchronise to the host eNodeB of the relay.

In a system operating with many relays (e.g. many smartphones relaying to remote devices), the protocol for determining which relays should page the remote devices may become complicated with DL mobility (given that there will be many devices operating as relays in the system). For the UL mobility case, it is pretty obvious to the system which relays are suitable for paging remote devices, hence the paging procedure with UL mobility is probably simplified, compared to the DL mobility case.

UL mobility hence has the potential to reduce power consumption in the relay device and to simplify the paging procedure and is hence a valid scenario for UL mobility.

Proposal 6: Uplink based mobility should be considered in the relay mobility scenario.
2.2 Uplink mobility operation
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Figure 1: Mobility between clusters of TRPs
In [5] the way forward on uplink mobility was presented, however only proposal 1 was discussed. In proposal 2 and 3, some basic principles of operation were proposed, and some open items identified which require further discussion.
For the sake of progress, the operation of uplink mobility has to be discussed and the operation principles agreed in order to proceed with proper evaluation, and therefore we propose to discuss and agree on those proposals, which are repeated here for convenience.
	Proposal 2: If supported, uplink-based mobility operates on the following principles:

· If supported, UL-based mobility would handle at least mobility within a network region

· FFS exact definition of the region

· Cell assumptions are the same as for DL-based mobility

· The UE transmits an uplink reference signal

· E.g. based on some configuration given by the network

· Signal configuration e.g. signature/code allows the network to identify the UE at least within the region

· The network measures it at various TRPs and determines which one(s) best serve the UE

· The UE maintains downlink sync as usual; uplink sync is assumed within some tolerance

· The UE may receive some downlink control information, e.g. to update its configuration, wakeup signal – FFS if an ACK for the RS transmission would be required

· The UE can receive paging on its regular POs, if in inactive state

· The network may control the UE to perform, or not to perform, any DL measurement

· DL RS could be switched on/off based on whether there are UEs that need them (pending RAN1 approval)

· No special requirement to read SI for the case of UL based mobility, compared with the DL based mobility

Proposal 3: The following items remain FFS (some requiring RAN1 input):

· Handover mechanism at boundary of region, and/or inter-frequency

· How the network configures potential target gNBs for uplink measurement

· Design (format/channel) of the uplink RS, choice of signatures, etc.

· Related to how many signatures can be distinguished, and how often signature changes are needed

· If configuration/behaviour is different in active vs inactive mode

· Level of synchronisation required between TRPs within the region

· If there would be differences in the mechanism for high frequency, e.g. relaxing some of the above requirements on UE to deal with the effects of beam sweeping

· For inactive state, is the DL cell reselection required to be performed in parallel with UL-based mobility?




Proposal 7: Discuss and agree the basic principles of operation for uplink based mobility, and capture in the TR.

3. Conclusion
In this contribution we have highlighted a number of scenarios and considerations when evaluating uplink signal based mobility for NR and make the following proposals.
Proposal 1: RRC Inactive state performance at high speed should be studied with high priority. Power saving and paging and random access performance analysis should be captured in the TR.

Proposal 2: The use of uplink measurements in RRC Connected active state should be studied. Power saving, handover failure rate, paging and signaling overhead analysis should be captured in the TR.

Proposal 3: Methods which use of uplink measurements should be compared to downlink measurements in high frequency deployments, in particular how this affects handover failure rate and the results captured in the TR.

Proposal 4: The use of uplink measurements should studied for the case of mMTC, for devices that require long battery life and extended coverage.
Proposal 5: The potential latency gain for supporting mobility using uplink measurements for URLLC devices should be studied.
Proposal 6: Uplink based mobility should be considered in the relay mobility scenario.

Proposal 7: Discuss and agree the basic principles of operation for uplink based mobility, and capture in the TR.
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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











