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Introduction
In this contribution, some high-level discussions/observations about uplink (UL) measurement based mobility in RRC_CONNECTED will be presented. It is worth mentioning that the precise structure of the uplink (UL) waveform and the frame structure has not been yet fully decided in NR and hence it is not possible to define the exact procedures for UL measurement based mobility management. However, it is still possible to discuss design principles in order to set requirements for the final design. 
More specifically, we will look at scenarios where UL measurement based solutions naturally outperform their counterpart downlink (DL) measurement based solutions. Then we will make few observations regarding the nodes synchronicity when using UL measurement based mobility procedures that will put further constraints on the used UL reference signals (RS). Corresponding requirements for the design of UL reference signals (in particular sounding reference signals) for CSI measurements are discussed in [1]. We also provide an observation regarding UE beamforming capabilities and its impact on UL measurement based mobility procedures.
This paper is a resubmission (see R2-1700547).
[bookmark: _Ref178064866]Discussion
Scalability
In general, mobility solutions can be categorized into two groups based on whether the scheme relies on measurements in downlink (DL) or uplink (UL). DL measurement based solutions works as the following. A user equipment (UE), thanks to the DL reference signals transmitted by transmission/reception points (TRPs) possibly over a selected beamforming patterns that the TRP can support, measures the quality of each TRP (or even each beam) and report this to the network. The network then makes appropriate mobility decisions based on this report. On the other hand, UL measurement based mobility in RRC_CONNECTED works according to the following procedures. The UE sends an UL RS. This transmission will be heard by several (neighbouring) TRPs that measure the reception quality of the heard transmissions. The measurements will be collected in a central entity, for instance the currently serving node, which makes the mobility decision based on these measurements.
Which mobility solution to deploy is scenario dependent. For instance, DL based solutions are very handy when there are many UEs in the system and/or when there are few number of beams, as in these operational modes, the nodes can include reference signals in the beams which can be used by the UEs for measurement and reporting that will be consequently used to make handover decisions. However, in scenarios with many nodes and where the nodes are equipped with many antennas, there will be many beams and hence DL based solutions seem impractical due to the heavy resource usage. In these cases, UL based solutions are naturally preferable as they are lighter in terms of resource usage and computational efforts. Given these trade-offs described above and in order to be future-proof, there should be a possibility to configure the UE to use either of DL or UL measurement based mobility procedures depending on the current needs.
[bookmark: _Toc462994702]It should be possible to configure the UE to use which of the downlink or uplink measurement based mobility solutions, depending on the current situation.
Nodes Synchronicity

In order for the TRPs to be able to correctly receive and detect the UL RS transmitted by the UE, the RS should either arrive at each node within the time window that the node is listening or it should contain a sync component that enables the nodes to correctly receive and measure it.
In order for the TRPs to be able to correctly receive and detect the UL RS transmitted by the UE, the RS should either arrive at each node within the time window that the node is listening or it should contain a sync component that enables the nodes to correctly receive and measure it.
As a result, using some of the conventional UL RSs is only possible in scenarios with nodes that are tightly synchronized in uplink. For example, since the sounding reference signal (SRS) does not have any synchronization component and since it is transmitted within an OFDM symbol, in order to use SRS for mobility management, the network nodes need to be tightly synchronized (in a symbol level) in the uplink. 
As the sounding reference signals do not have any synchronization component, the network nodes need to be tightly synchronized (in a symbol level) to facilitate UL mobility management.
It is worth noting that the synchronization requirements in this context might be different from that of the downlink measurement based solutions as the UE might have different timing advances towards different TRPs. More precisely, two TRPs can be assumed tightly synchronized when they are connected to the same baseband processing units, when discussing downlink measurement based solutions, see [2] for more related discussion. However, this does not necessarily translate into UL synchronization in all scenarios. This, therefore, means that it is beneficial to insert a sync component in UL RS that is to be used for UL measurement based mobility procedures as in this way many of the issues discussed in this section can be avoided.
The uplink reference signal used for uplink measurement based mobility should contain synchronization component that enables the involved TRPs to correctly detect and measure it.
UE Beamforming
When the user equipment (UE) is equipped with many transmit antennas, it can apply beamforming when transmitting UL RSs. This will increase the reception quality at the serving node. However, it might not be heard sufficiently good at the neighbouring nodes. In order to remedy this, the UE needs to either transmit the UL RS Omni-directionally or repeat the RS transmission in several directions using for instance beam sweeping. The latter option will create additional resource usage.
If the UE uses transmission beamforming, then the UE might need to replicate the UL RS transmission in several directions to facilitate the reception of the RS at the neighbouring nodes.
Conclusions
In this contribution we made the following observations:
1. In order for the TRPs to be able to correctly receive and detect the UL RS transmitted by the UE, the RS should either arrive at each node within the time window that the node is listening or it should contain a sync component that enables the nodes to correctly receive and measure it.
1. As the sounding reference signals do not have any synchronization component, the network nodes need to be tightly synchronized (in a symbol level) to facilitate UL mobility management.
1. If the UE uses transmission beamforming, then the UE might need to replicate the UL RS transmission in several directions to facilitate the reception of the RS at the neighbouring nodes.
Based on the discussion in this contribution we propose the:
1. It should be possible to configure the UE to use which of the downlink or uplink measurement based mobility solutions, depending on the current situation.
1. The uplink reference signal used for uplink measurement based mobility should contain synchronization component that enables the involved TRPs to correctly detect and measure it.
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