Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG2 Adhoc	R2-1700178
Spokane, Washington, USA, 14 - 18 Nov 2016

Agenda Item:	
Source: 	Huawei, HiSilicon, Qualcomm Incorporated, Sony
Title:  	UL-based mobility for UEs in active state
Document for:	Discussion and Decision
[bookmark: _Ref174151459][bookmark: _Ref189809556]Introduction
This document discusses UL-based mobility for UEs in RRC_CONNECTED.
Discussion
Principles
Mobility in LTE RRC_CONNECTED has 3 main phases: handover trigger, handover preparation and handover execution. This is displayed in figure 1 below, in the case where the source and target cell are controlled by different network nodes (otherwise, there is a single node).


Figure 1: (Legacy) handover triggered by DL measurement
In this case, handover is triggered by DL measurement reports: the UE measures DL signal transmitted by the target node and, when a condition to trigger reporting is met, transmits a report to the source node, which then decides to initiate a handover to the target node.
Alternatively, potential target nodes could measure an UL signal transmitted by the UE and, when a condition to trigger reporting is met, transmit a report to the source node, which then decides to initiate a handover to the target node. After a handover would be triggered by UL measurement reports, it would be possible to prepare and execute the handover with the same procedure as in LTE. Some improvements could be considered, e.g., including UL measurements from multiple nodes in the handover preparation message to the source, adjusting the UE timing advance in the target without a random access procedure, but it would also be possible to stick to the legacy procedure in order to reduce UE and network impact. This is illustrated in figure 2. In this description, only the handover trigger phase is different as compared to the LTE procedure.


Figure 2: Handover triggered by UL measurement

Therefore, we think that the focus of 3GPP discussions should be on the handover triggering phase and for the purpose of discussion in RAN2, we propose to adopt a definition of UL-based mobility.
Proposal 1: In RRC_CONNECTED, "UL-based mobility" is when, in order to trigger handover, the source node configures the UE to transmit an UL signal and configures one or more candidate target nodes to measure this UL signal and report to the source node when reporting criteria are met. 
Specification impact
In order to allow UL measurements to trigger a handover, the UE should transmit an UL signal which can be detected by potential target nodes. The UE is not involved in the handover preparation and as discussed above, handover execution could be the same regardless whether handover is triggered in the legacy way or using UL measurements.
Observation 1: The main UE impact for UL-based mobility in RRC_CONNECTED is the transmission of an UL signal which can be detected by candidate target nodes.
RAN1 agreed to specify an UL signal playing the same role as the SRS for LTE. For low frequencies, SRS transmission can be omnidirectional (i.e., without beam forming) so that, if the candidate target node has a sufficient level of time synchronization with the source node, if the UE transmission power is large enough to reach the target node and if the candidate target node does not configure/schedule UL transmissions with radio resources of the UL signal to be detected, it can be received when the UE enters the coverage of the target node.
Observation 2: For low frequencies, under appropriate conditions, the UL signal which can be used for UL scheduling (SRS) in RRC_CONNECTED could be detected and measured by candidate target nodes.
For higher frequencies, the SRS could be significantly beamformed in order to better match with the beamforming used for UL transmission. Normally, the SRS only needs to be received by the serving node so it is only transmitted in one direction so that it can't be received by target nodes in other directions. On the contrary, the random access procedure will require the UE to perform UL transmission in multiple directions, at least for initial access. As this procedure is not defined yet, it is difficult to know whether it could be reused for the purpose of UL-based mobility.
Observation 3: For higher frequencies, for UL-based mobility in RRC_CONNECTED, it is necessary to define an UL transmission procedure for an UL signal to be received by candidate target nodes.
On the network side, in order to allow UL-based mobility in RRC_CONNECTED between cells controlled by different gNBs, the gNBs should have some level of time synchronization and should exchange signalling to configure UL measurements towards a candidate target and to report such measurements. In a centralized network or for mobility between cells controlled by the same gNB, this could be internal interfaces not requiring any specifications.
Observation 4: On the network side, using UL measurements to trigger handovers in RRC_CONNECTED for mobility between cells controlled by the same gNB is possible without any specification impact. 
In LTE procedures for RRC_CONNECTED UEs, if DL measurements are not configured, the UE will not perform any DL measurements of neighbour cells and the UE operation will not be affected provided the UE remains in the coverage of the serving cell. Even in the absence of DL measurements of neighbour cells, if the network is confident that a neighbour cell will be suitable, the network can also initiate a handover towards that cell. With respect to SRS transmission, it can be triggered more or less any time, so if a network implementation has the capability to detect the UL SRS transmission from non-serving cells, this could be used as a trigger for mobility towards that cell.
Observation 5: RAN2 LTE procedures and messages for RRC_CONNECTED UEs seem to allow the support of UL-based mobility, at least in certain scenarios.
For the purpose of making progress in RAN2 on the study of UL-based mobility, we propose that RAN2 formally endorses the observations above as common understanding.
Proposal 2: In order to progress in RAN2 on the study of UL-based mobility, formally endorse the observations 1, 2, 3, 4 and 5.
Scenarios
For UL or for DL measurements, some signal needs to be transmitted, either by the UE for the network to do UL measurements or by the network for the UE to do DL measurements.
In deployments with rather large ISD (e.g. several kilometres) a single DL transmission from the network could reach all UEs in the site coverage while causing interference to transmissions from neighbour network sites only at the edge of coverage. Low and medium speed UEs are likely to have sufficient time to measure and report neighbour measurements in order to trigger handover when needed so there does not seem to be any obvious need to use UL measurements.
Observation 5: For scenarios where UEs remain a significant time in the coverage of the same network site (e.g. large ISD with low/medium speed UE), there is no obvious need for UL measurements.
A cluster of network nodes with smaller ISD could be use to improve the capacity in dense urban areas. E.g. street-light deployment with wireless backhaul would allow providing higher capacity while being technically relatively easy to realize. Such capacity would be useful to pedestrian but also to vehicular UEs.
[image: ]
However, with such small ISD (e.g. 200m or smaller), even at relatively low UE speed, the UE will remain only for a rather small time in the coverage of a site, e.g. 6s for a 15km/h UE in a network with 50m ISD. Small ISD implies a larger amount of interference between DL signals that could be used for DL measurements, making it more difficult for UEs to perform DL measurements and report them sufficiently early to perform handover. Moving UEs would have to perform DL measurements frequently and report with less filtering, or to be moved to a macro layer with less capacity, which would affect the service that these UEs can receive.
If UL based mobility is used, it becomes the network responsibility to make measurements sufficiently quickly in order to trigger handover. One possible drawback is the delay for reporting the UL measurement on the Xn or on the internal network interface. However, unlike in legacy procedure, there is no risk of losing the measurement report that will trigger the handover. The network could configure moving UEs to transmit the UL signal more frequently, in order for the network to have more samples over the same time, and/or with sufficient power for neighbour network site to detect the UE earlier.
Observation 6: With deployments that have small ISD, such as street lights, even for low mobility UEs, it can be difficult to ensure good handover performance using DL measurements as trigger. In such a scenario, UL measurements could improve handover performance.
As discussed above, with the existing RAN2 LTE procedure and signalling design for UEs in RRC_CONNECTED, UL-based mobility in RRC_CONNECTED could be supported at least in certain deployment scenarios. When developing NR, RAN2 is using LTE as a baseline for many items. To ensure that NR can support UL-based mobility in RRC_CONNECTED, it would be sufficient, whenever NR mobility-related procedure/messages for UEs in RRC_CONNECTED would differ from LTE, to check that the differences do not apparently affect the possibility of UL-based mobility.
Such an approach would effectively have no impact to RAN2 schedule to develop NR while ensuring that UL-based mobility can effectively be supported in NR at some stage.

Proposal 3: For NR UEs in RRC_CONNECTED, whenever RAN2 considers mobility-related procedures and/or messages that would differ from LTE, RAN2 will ensure that such differences do not affect the possibility of UL-based mobility in RRC_CONNECTED.
Conclusion
...
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