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1 Introduction
With a wider deployment of TDD in NR, due to the higher carrier frequencies and increased requirements on spectral efficiency and flexibility, the network will need to be more tightly synchronized compared to LTE deployments of today. 

To meet the capacity requirements a denser network deployment can also be expected, which will put higher requirement on reliable and efficient mobility handling.

UL based mobility in RRC_ACTIVE state can also be deployed in such networks, showing benefits in the mobility handling by allowing the network to do the measurements which can more rapidly react upon changes in the radio channel. 
2 Discussion
2.1 DL based mobility problems 
With an increasing density of TRPs in the network compared to LTE the dwelling times in a TRP coverage area will be shorter and the number of boundary crossings between TRP coverage areas will increase. Reactive DL based mobility will to larger extent be subject to errors such as measurement reporting happens “too late”. This could be compensated by triggering earlier measurement reporting with an increased signalling cost. Another issue with this scenario is that handover command will happen too late, when the link to source TRP already has degraded too much.
It was for example shown in [1] that already at moderate UE velocities and TRP densification the HO failure rates in LTE would increase. Figure 1 shows an example of the results from [1].
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Figure 1: HO failure rate as a function of UE speed and Pico BS density, [1]

Another issue with the DL based mobility in these scenarios is the high signalling load between the UE and the network required to transmit the measurement reports. This increased need for measuring DL signals and the transmission of the measurement reports will also lead to increased power consumption for the UE.
Further, during handover with DL based mobility, the data transmission will be interrupted from the time when the source eNB sends the HO Command in step 3 until the target eNB starts data transmission. The typical service interruption time will last about ~45-50ms [2]. The interruption for the data transmission will be unavoidable because the UE is not connected to any cell during the handover execution so that it cannot be scheduled. 
2.2 UL based mobility 

In the described scenario with synchronized dense network deployments UL based mobility will be an important feature that can enable the support of providing mobile users with high continuous bit rate. In this section we will describe how the UL based mobility can work.
2.2.1 Intra-gNB inter-TRP mobility 

If a gNB support multiple TRPs, the gNB can handle the mobility between TRPs without L3 signalling. The UE transmits UL reference signals (UL RS) as often as the gNB configures, using the assigned UE ID, time and frequency resources. The information from the UL RS measurements may be used by the gNB to determine which (additional) TRPs should be configured to receive the UL RS. In some cases all TRPs under control of the gNB are configured to receive the UL RS, while in other cases the gNB configures the TRPs dynamically as the UE moves between TRPs.

2.2.2 Inter-gNB mobility
When a UE moves between two gNBs, the same methodology can be used as described above. The UE sends UL RS which the target gNB can, after being requested by the source gNB, use to measure the reception of the UL transmission. The measurements can be used by the target gNB to determine when a UE can successfully be handled. It notifies the source gNB, which can make the decision on when the handover shall take place. In case the UE ID is already used in the target gNB, the target and source gNB can agree on a new UE ID and thereby resolve the possible ID collision in advance. The new UE ID will then be given to the UE.
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Figure 2: Inter-gNB mobility signalling
· Step 0: Source gNB determines the UE to be approaching the target gNB and sends a measurement request. 
· Step 0a: Target gNB determines whether the UE ID can be maintained or if it needs to be changed due to plausible collision. It acknowledges the measurement request.
· Step 0b. Optional: In case the UE ID is already used in the target gNB, the new agreed UE ID is forwarded to the UE in a RRC reconfiguration procedure.

· Step 1: Target gNB configures its relevant TRPs to measure the UE. If UE ID was reconfigured, source gNB reconfigures its TRPs with the new UE ID.
· Step 2: The UE transmits the UL RS.

· Step 3: The UL RS is received by certain TRPs from the source and from the target gNB.

· Step 4: Target gNB reports back to the source gNB that the UE is identified and that it is received with good enough quality for handover.

· Step 5: Source gNB sends a message about the complete UE context and when in time the UE will start using the target gNB for data transmission.

· Step 6: Target gNB acknowledges the reception of the transfer of responsibility to the source gNB.

· Step 7: Target gNB configures the TRPs to serve the UE.

· Stepts 8 to 10 are the same like in case of DL based mobility, except that RACH is not needed because the UL RS was already detected by the target gNB.

In case security can be detached from the handover algorithm as described in [3] and the user plane protocols can be mirrored in the target gNB a RRC less mobility handling can be imagined. Details for such a solution are FFS. 
The measurements are exchanged between a gNB and its own TRPs, internal gNB-TRP signalling can be optimized by implementation. No UL measurements are exchanged between gNBs.

Unlike DL based mobility, there is no risk of mobility failure due to failed transmission over the air of a UE measurement reports.

UL based solution can provide abundant historical UE trace information or signal variation patterns which is very valuable for mobility control. E.g. based on UE historical mobility patterns, a pre-preparation procedure can be expected. With pre-allocated resource, source gNB can send HO command to the UE as soon as the HO event is triggered. Neighbouring gNB could send resource information to source cell, whether there is enough resource to accept the UE, to help source gNB to make educated decision on which target gNB to choose to reduce the HO-preparation failure rate. In addition, neighbouring gNBs without enough resource can even choose not to send measurement report, to reduce internal signalling, since it cannot be the target gNB anyway.As such, latency caused by Xn interface in HO and HOF rate could be reduced. Internal signalling consumption could also be optimized based on historical mobility patterns, such as which gNB should be required to measure, on what granularity to report, etc. The more accurate the prediction is, the less internal signalling will be consumed. However, it is an implementation issue.
2.2.3 Inter-frequency handover / handover to non-synchronized gNBs
In case the UE moves between gNBs using different carrier frequencies or moves between gNBs that are not synchronized, the UE would have to make itself measureable on the target frequency. As in traditional DL based mobility the source gNB will have to provide the UE with measurement gaps, but instead of measuring, the UE can transmit UL RS as configured in the measurement configuration message after synchronizing with the target gNB. The target gNB will have to assign the resources for the reception of the UL RS, which either is forwarded to the source gNB and the UE or can be derived from the UE ID. Since the UL RS is a narrowband signal, the reliability can be increased by increasing the UL RS rate during the measurement period. Once the target gNB has received the UL RS at a quality that is deemed as high enough, the target gNB will send a message back to the source gNB, that can determine when a switch to the new gNB shall be effective. The UE context needs to be moved to the target gNB in advance and at a predefined time the UE switches and starts to transmit UL RS to the new gNB.
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Figure 3: Inter-frequency handover or handover to non-synchronized gNB
· Step 1: Source gNB determines the UE to be approaching the target gNB and sends a request for measurements of the UE to target gNB 

· Step 2: Target gNB determines the UE ID and resources to be used by the UE for the measurement period and sends the configuration information to the source gNB.

· Step 3. The information from the target gNB is forwarded to the UE that uses the period to transmit UL RS configured by the source gNB. The UE first synchronizes to the target gNB and then transmits UL RS according to the configuration information.

· Step 4: Target gNB reports back to the source gNB that the UE is identified and that it is received with good enough quality for handover.

· Step 5: Source gNB sends a message about the complete UE context and when in time the UE will start using the target gNB for any data transmission.

· Step 6: Target gNB acknowledges the reception of the transfer of responsibility to the source gNB and the configuration to be used in the target gNB.

· Step 7: The source gNB sends the information about the configuration for the target gNB and the time for using it.

In case security can be detached from the handover algorithm as described in [3] and the user plane protocols can be mirrored in the target gNB a RRC less mobility handling can be imagined. Details for such a solution are FFS.
In case the target gNB do not support UL based mobility, traditional DL measurement gaps and reporting will be replacing the UL RS gaps. 
2.3 Synchronization requirements

The UL based mobility assumes that the TRPs in the vicinity of the UE are synchronized to each other in such a manner that they all can receive the UL RS from the UE. The need for synchronization accuracy for UL based mobility is the same as for the TDD system, where UL and DL transmissions are separated in time to avoid interference between directions (UL-to-DL and DL-to-UL interference).

Another aspect that should be considered is the spatial separation of areas for synchronization. A TRP in an area will only have to be well synchronized with the TRPs in the vicinity, but does not have to be synchronized with all the TRPs in the whole network. This is illustrated in Figure 2, where the colour of the background is indicating level of synchronization. The two circles indicate to separate regions where relative synchronization is maintained although not synchronized between the areas.
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Figure 2: Synchronization requirements are local

3 Conclusion

In this document we have tried to describe how the UL based mobility could be handled for RRC_ACTIVE and also addressed some of the concerns expressed during the RAN2#95bis meeting.
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