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[bookmark: _Ref298777854]Introduction
By using connected mode mobility procedures, the quality of an ongoing connection is maintained as a UE moves through the network. As the UE moves out of the coverage area of one transmission point, a new transmission point must be found so that connection quality can be maintained. To aid this process, measurements at UE (downlink measurements) and/or the network side (uplink measurements) must be used. 
This contribution discusses the merits of uplink and downlink measurements. Note that we are not considering any UL/DL split here: it is assumed here that uplink and downlink are received / transmitted from the same node.
Measurement procedures for connected mode mobility
LTE connected mode mobility is primarily based on downlink measurements i.e. a UE measures on the CRS signals transmitted from all nodes. Some new requirements from NR motivate to revisit the LTE procedure based on DL measurements:
Support for a wide range of deployment options
The desire to avoid always-on transmissions from the network (agreed as a design principle in RAN 1).
For the NR design it is worth analysing the possibility to have an UL measurement based/aided mobility mechanism, as discussed in the following.
Mobility based on uplink measurements 
Let us assume that the handover selection made by the network for a given transmission point was based on UL measurements e.g. based on some reference signals / sounding signals sent by the UE and detected by the network. When the UE has established the connection to the new transmission point, it starts transmitting data in the uplink. With that approach, there is a large probability that the UL quality to the new transmission point is adequate, as the uplink quality has been directly measured prior to the handover. The correspondence may not be exact: different antenna configurations may be used for reference signal and data transmission, but in general, the match is rather good. In contrast, there has not been any direct measurement of the downlink quality. Rather, the downlink quality has to be estimated based on the uplink measurements and additional quantities, e.g., the maximum output power of the network node. Hence, we can make the following observation:
[bookmark: _Toc450916567][bookmark: _Toc450916599][bookmark: _Toc450948359][bookmark: _Toc450948446][bookmark: _Toc449505064]Relying on uplink measurements for connected mode mobility ensures that the uplink quality of the link between the UE and the network has sufficient quality, whereas the downlink quality needs to be estimated using indirect measures. 
[bookmark: _Toc450916568]Providing that the network nodes are adequately synchronized, an uplink transmission can often be readily received at several network nodes; the exception is when the UE utilizes directional transmission. The measurements from several nodes can then be readily compared in the network and used together with other quantities, such as load, to make an educated choice of target node. No measurement report needs to be sent over the air interface. Hence, we thus observe the following:
[bookmark: _Toc450916569][bookmark: _Toc450916600][bookmark: _Toc450948360][bookmark: _Toc450948447]Relying on uplink measurements for connected mode mobility may lead to a quite low signalling overhead on the air interface. 
[bookmark: _Toc450916570]Observation 2 is true for the signalling during a single, successful event for one UE. The total signalling load depends on how often each UE transmits the uplink reference signal, i.e., how the transmissions are triggered. It also depends on how many UEs transmit reference signals. Unlike the downlink measurements, different UEs can of course not use the same transmission. 
[bookmark: _Toc450916571]Note that all received measurements need to be collected at the serving node, so that it can make a decision. Thus, the signalling load on the inter-node interface is higher with uplink-based mobility measurements.
[bookmark: _Toc450916572]Spectrum for early NR deployments will primarily be unpaired, and hence TDD solutions will be dominating. Such solutions lend themselves to multi-antenna solutions based on reciprocity, i.e., using the properties of the uplink channel for downlink purposes. Such solutions put rather stringent requirements on the hardware. Using uplink measurements to assess downlink quality will become natural. We can thus conclude.   
[bookmark: _Toc450916573][bookmark: _Toc450916601][bookmark: _Toc450948361][bookmark: _Toc450948448]Connected mode mobility based on uplink procedures integrates well with systems that rely on reciprocity.
[bookmark: _Toc450916574]These three observations indicate that mobility based on uplink measurements is indeed an interesting option in NR. However, it is also clear that further studies are needed. Hence, the following proposal can be made.
[bookmark: _Toc450916612][bookmark: _Toc450948373][bookmark: _Toc450948453]Study connected mode mobility procedures based on uplink measurements
Mobility based on downlink measurements
Connected mode mobility in current cellular systems is most often based on downlink measurements. In LTE, the UE measures the continuous transmission of PSS/SSS/CRS from neighbour cells, and sends event triggered or periodic reports to the network. The network in turn sends a handover command (RRC reconfiguration) to the UE. This paradigm is primarily used in WCDMA and GSM as well.
Of course, downlink measurements provide an accurate estimate of the downlink quality, whereas the uplink quality needs to be indirectly estimated from the downlink measurements. We are thus rather certain that it is possible to send commands to the UE from the new target node. The following observation is a direct counterpart of Observation 1: 
[bookmark: _Toc449505065][bookmark: _Toc450916575][bookmark: _Toc450916602][bookmark: _Toc450948362][bookmark: _Toc450948449]Relying on downlink measurements for connected mode mobility ensures that the downlink quality of the link between the UE and the network has sufficient quality, whereas the uplink quality needs to be estimated using indirect measures.
[bookmark: _Toc450916576]In contrast to the uplink measurements, all measurements are performed in the UE, using the same hardware. This inherently has the advantage that measurements of different candidates are comparable: 
[bookmark: _Toc450916577][bookmark: _Toc450916603][bookmark: _Toc450948363][bookmark: _Toc450948450]Downlink measurements for connected mode mobility for different candidate nodes are performed in the same point, leading to that measurements corresponding to different candidates are easily comparable.
[bookmark: _Toc450916578]As the downlink mobility reference signal may be broadcasted from the network node, several UEs can measure on the same transmission. This is in contrast to the uplink-based procedure: uplink mobility reference signals are inherently UE-specific. Thus, even when a large number of UEs are simultaneously performing handovers, the resources needed for reference signal transmission are small. Hence: 
[bookmark: _Toc450916579][bookmark: _Toc450916604][bookmark: _Toc450948364][bookmark: _Toc450948451]Since several UEs may use the same downlink reference signal, the resources used for mobility reference signal transmission is limited even for a large number of UEs. 
[bookmark: _Toc450916580]As mobility based on downlink measurements has been the norm in cellular system for the last few decades, the solutions are well-proven. There is a well-established procedure to design and tune solutions, and common pitfalls can be avoided, both for UE and base station design. Thus: 
[bookmark: _Toc450916581][bookmark: _Toc450916605][bookmark: _Toc450948365][bookmark: _Toc450948452]Connected mode mobility procedures based on downlink measurements is well-proven and maximizes the similarities with legacy LTE procedures.
[bookmark: _Toc450916582]Downlink-based measurements have important advantages. However, to ensure that they can fulfil the requirements of NR, more studies are required. We can thus make the following proposal: 
[bookmark: _Toc449505070][bookmark: _Toc450916613][bookmark: _Toc450948374][bookmark: _Toc450948454]Study connected mode mobility procedures based on downlink measurements.
Conclusions
This contribution discusses the need for mobility procedures based on uplink and downlink measurements. The following has been observed:
Observation 1	Relying on uplink measurements for connected mode mobility ensures that the uplink quality of the link between the UE and the network has sufficient quality, whereas the downlink quality needs to be estimated using indirect measures.
Observation 2	Relying on uplink measurements for connected mode mobility may lead to a quite low signalling overhead on the air interface.
Observation 3	Connected mode mobility based on uplink procedures integrates well with systems that rely on reciprocity.
Observation 4	Relying on downlink measurements for connected mode mobility ensures that the downlink quality of the link between the UE and the network has sufficient quality, whereas the uplink quality needs to be estimated using indirect measures.
Observation 5	Downlink measurements for connected mode mobility for different candidate nodes are performed in the same point, leading to that measurements corresponding to different candidates are easily comparable.
Observation 6	Since several UEs may use the same downlink reference signal, the resources used for mobility reference signal transmission is limited even for a large number of UEs.
Observation 7	Connected mode mobility procedures based on downlink measurements is well-proven and maximizes the similarities with legacy LTE procedures.

The following has been proposed: 
Proposal 1	Study connected mode mobility procedures based on uplink measurements
Proposal 2	Study connected mode mobility procedures based on downlink measurements.
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