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Introduction
[bookmark: _Ref178064866]In RAN2#95 some progress has been achieved concerning the relation between beamformed mobility RSs for RRM measurements in CONNECTED mode and the NR Cell, initially agreed to be associated to Idle mode operation.
There seems to be a consensus in RAN2 that there should be some kind of relation between these beamformed MRSs and the NR cell. Most of the discussions have been about the UE visibility of that association for the purpose of RRM measurements and discussions will certainly continue in RAN2#96.
However, we would like to open up another discussion related to the inter-cell handover based on the concept of a cell being defined by its beamformed mobility reference signals (MRSs) which contains at least a beam ID.
Discussion
0. LTE HO procedure 
In LTE, a UE in RRC CONNECTED state is configured with event based report triggering criteria. Measurements are configured to be done primarily based on Cell-specific Reference Signal (CRSs), transmitted all over the carrier frequency and in all subframes. Based on PCIs, the UE is able to derive the CRS of serving and neighbor cells. There is a one-to-one mapping between the PCI and CRSs.
Once a triggering criterion has been met, the UE sends a measurement report to the Source eNB via RRC. The measurement reporting parameters provided by the network aim to minimize both ping-pong as well as handover failures. For intra-frequency mobility this is typically achieved by configuring an A3 measurement event so that a report is triggered when a neighbor cell is found to be a few dB better than the serving cell. Due to measurement errors in bad radio conditions and due to the necessary filtering, the actual difference in signal strength may actual be worse than anticipated by the configured event threshold.
A consequence of this is that many measurement reports and the subsequent mobility related RRC signaling are exchanged in challenging radio conditions and are hence error prone. 
1. [bookmark: _Toc461514224][bookmark: _Toc463000882][bookmark: _Toc463001396][bookmark: _Toc463030101][bookmark: _Toc463053251][bookmark: _Toc463053288][bookmark: _Toc466011538][bookmark: _Toc463013021]LTE handover involves RRC signaling over degrading radio links (from the source cell to the UE) which may cause undesired latency and high failure probability. 
The HO procedure used in LTE is depicted in Figure 1. 



Figure 1: Flow diagram for Active mode mobility in LTE
0. Baseline NR HO procedure
It’s natural to design the baseline NR HO procedure based on the LTE procedure described in section 2.1 regardless on how the different procedures will need to be adjusted to the fact that DL mobility reference signals (MRSs) need to be beamformed and carry a beam ID and multiple of these MRSs would be associated to the source cell while other MRSs to the target cell. This baseline procedure is shown in Figure 2. 
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[bookmark: _Ref466010056][bookmark: _Ref466010051]Figure 2: Baseline HO procedure for NR
Even though the baseline HO procedure is very similar to the LTE procedure on a high level, the details of several steps will differ. In this contribution, we will focus on the handover execution (i.e. steps 4 to 6 in Figure 2). Obviously the measurement report contents will also need to be updated to support beam based mobility. This aspect is further discussed in [2].
The assumption here is that the UE should be able to map an NR cell ID to a group of beamformed mobility RSs with beam IDs associated to it by some of the solutions being discussed e.g. by dedicated signalling the UE knows that a given range of MRSs belong to a given cell and/or a broadcasted mobility RS encodes a beam ID that also encodes a cell ID. Therefore, regardless of what the final solution is a handover command containing a cell ID should enable the UE to identify a single beam and/or multiple beams associated to a target cell. 
The different alternatives for the handover execution can be classified by the information contained in the handover command and the corresponding synchronization and random access procedure. We have listed the different alternatives in Table 1.
	
	4. HO command contents
	5. Sync and random access

	Alternative 1
	Cell identity only. 
Note that the cell identity can be signalled either explicitly or implicitly via e.g. MRS configuration (see [XX] for more details)
	UE autonomously selects the strongest beam associated to the indicated cell identity.
UE reads the random access parameters from system information and uses those for the initial access on the selected beam

	Alternative 2
	Cell identity + PRACH configuration
Multiple PRACH configurations may be provided to enable different RA parameters for different beams or beam groups
	UE autonomously selects any beam associated to the indicated cell identity.
UE uses the random access parameters from the HO command and uses those for the initial access on the selected beam

	Alternative 3
	Cell identity + PRACH configuration + list of allowed beams
Multiple PRACH configurations may be provided to enable different RA parameters for different beams or beam groups
	UE autonomously selects a beam from the list of provided beam IDs associated to the indicated cell identity.
UE uses the random access parameters from the HO command and uses those for the initial access on the selected beam

	Alternative 4
	Cell identity + PRACH configuration + indication of allowed beam
	UE synchronizes to the beam ID provided in HO command with provided cell identity.
UE uses the random access parameters from the HO command and uses those for the initial access 

	Alternative 5
	Cell identity + PRACH configuration + list of allowed beams + mapping between beams and a RA preamble

	UE autonomously selects a beam from the list of provided beam IDs with correct cell identity.
UE uses the random access parameters from the HO command and uses the preamble corresponding to the selected beam to indicate to the network which beam it selected.



In alternative 1, the UE receives a handover command which contains a target cell identity. This target cell identify may be explicitly signalled, or may be derived from other parameters, such as configuration of mobility reference signals. Upon receiving the handover command, the UE will find autonomously find a beam with a correct cell identity, read the corresponding system information matching the beam and cell, and make a random access using contention based random access procedure. This has the benefit of requiring least signalling and network configuration but may result in a handover failure if there are other users competing for the random access at the same time.
In alternative 2, the UE receives a handover command which contains a target cell identity and a random access configuration. This target cell identify may be explicitly signalled, or may be derived from other parameters, such as configuration of mobility reference signals. Upon receiving the handover command, the UE will find autonomously find a beam with a correct cell identity, and make a random access using the random access configuration provided in the handover command. This has the benefit of allowing network to provide a dedicated handover configuration for the user, but requires some additional configuration and signalling. 
In alternative 3, the UE receives a handover command which contains a target cell identity, a random access configuration and a list of allowed beams. This target cell identify may be explicitly signalled, or may be derived from other parameters, such as configuration of mobility reference signals. The list of beams may also be explicitly signalled, or may be derived from other parameters such as configuration of the mobility reference signals. Upon receiving the handover command, the UE will select a beam with both correct cell identity and an allowed beam identify. It will then make a random access using the random access configuration provided in the handover command. This has the benefit of allowing network to provide a dedicated handover configuration for the user, and limiting the number of possible beams the UE may end it, but requires again additional configuration and signalling. The UE may also end up in a non-optimal beam.
In alternative 4, the UE receives a handover command which contains a target cell identity, a random access configuration and a target beam identity. This target cell identify may be explicitly signalled, or may be derived from other parameters, such as configuration of mobility reference signals. The target beam identity may also be explicitly signalled, or may be derived from other parameters such as configuration of the mobility reference signals. Upon receiving the handover command, the UE will search for a beam with both correct cell identity and correct beam identify. It will then make a random access using the random access configuration provided in the handover command. This has the benefit of allowing network to provide a dedicated handover configuration for the user, and explicitly assigning the user to a particular beam, but requires additional configuration and signalling and may result in the UE ending up in a non-optimal beam.
In alternative 5, the UE receives a handover command which contains a target cell identity, a random access configuration, a list of allowed beams and a mapping of a random preamble (or some other part of access configuration) to each beam identifier. The target cell identify may be explicitly signalled, or may be derived from other parameters, such as configuration of mobility reference signals. The list of beams may also be explicitly signalled, or may be derived from other parameters such as configuration of the mobility reference signals. Upon receiving the handover command, the UE will select a beam with both correct cell identity and an allowed beam identify. It will then make a random access using the random access configuration provided in the handover command, and set the random access preamble value to the value corresponding to the selected beam identifier. This has the benefit of allowing network to provide a dedicated handover configuration for the user, limiting the number of possible beams the UE may end it and allowing network to immediately detect which beam the UE has selected, but requires again additional configuration and signaling. The UE may also end up in a non-optimal beam.
We propose to adopt the high level baseline procedure as the working assumption for NR, and study the different alternatives for the more detailed procedure.
[bookmark: _Toc466011540]Adopt the baseline procedure in Figure 2 as the NR handover procedure
[bookmark: _Toc466011541]Study different alternatives for the hand-over execution. 

0. NR HO procedure challenges
In a beam-based system like NR, and especially in higher frequency bands, the serving radio link to the UE may become impaired much more rapidly than in conventional LTE deployments. As the UE is moving out of the current serving beam coverage area, it may not be possible to conduct RRC signalling via the serving node to complete the HO procedure. 
1. [bookmark: _Toc461514225][bookmark: _Toc463000883][bookmark: _Toc463001397][bookmark: _Toc463013022][bookmark: _Toc463030102][bookmark: _Toc463053252][bookmark: _Toc463053289][bookmark: _Toc466011539]In some NR deployments and scenarios, the probability of HO failure could increase due to the dependency on the RRC signaling transmissions over the source node at a time when the UE has already moved into the coverage area of the target cell. 
0. Using early HO command to improve HO robustness
To avoid the undesired dependence on the serving radio link upon the time (and radio conditions) where the UE should execute the handover, NR should offer the possibility to provide that RRC signalling to the UE earlier. To achieve this, it should be possible to associate the HO command with a condition. As soon as the condition is fulfilled, the UE may execute the handover in accordance with the provided handover command.
[bookmark: _Toc463053253][bookmark: _Toc463053290][bookmark: _Toc466011542]NR should offer the possibility to associate the HO command (RRCConnectionReconfiguration with mobilityControlInfo) with a condition. As soon as the UE determines the condition to be fulfilled, it executes the handover in accordance with the handover command.
Such a condition could e.g. be that the quality of the mobility RS (MRS) of the target cell or beam becomes X dB stronger than the mobility RS (MRS) of the serving cell. The threshold used in a preceding measurement reporting event should then be chosen lower than the one in the handover execution condition. This allows the serving cell to prepare the handover upon reception of an early measurement report and to provide the RRCConnectionReconfiguration with mobilityControlInfo at a time when the radio link to the UE is still stable. The execution of the handover is done at a later point in time (and threshold) that is considered optimal for the handover execution. 
[image: ]
[bookmark: _Ref463051822]Figure 3: Conditional handover execution based on DL RS measurements
Figure 3 depicts an example with just a serving and a target gNB. In practice there may often be many cells or beams that the UE reported as possible candidates based on its preceding RRM measurements. The RAN should then have the freedom to issue conditional handover for several of those candidate. The RRCConnectionReconfiguration for each of those candidates may differ e.g. in terms of the HO execution condition (RS to measure and threshold to exceed) as well as in terms of the RA preamble (denoted Uplink Signature Signal in Figure 3) to be sent when a condition is met. It may for example increase the HO success rate if the UE indicates by means of different RA preambles, which of the candidate target beams it selected, i.e., which beam fulfilled the HO execution condition. 
We also believe that this basic structure may be combined with other HO-enhancements. For example, RAN2 briefly discussed uplink based mobility schemes. The RRCConnectionReconfiguration for the early HO command could e.g. also comprise a configuration for sending UL reference signals (similar to RA preambles) that both the serving as well as the neighbour nodes attempt to receive. The network could determine the most suitable cell based on the observed uplink signals and issue a downlink reference signal upon which the UE executes the pre-conditioned HO command. 
A UE aiming to support URLLC with extremely short HO interruption requirements could be configured to maintain the data exchange with the source node while establishing the data exchange with the target. As was discussed in the LTE mobility enhancement study, this may require additional Hardware Elements in the UE and may therefore likely not supported by all UEs. 
[bookmark: _Toc458461065][bookmark: _Toc450773277][bookmark: _Toc450773306][bookmark: _Toc450773354][bookmark: _Toc450773369][bookmark: _Toc450774156][bookmark: _Toc450814189]Conclusion
[bookmark: _Toc450908196][bookmark: _In-sequence_SDU_delivery]We made the following observations:
Observation 1	LTE handover involves RRC signaling over degrading radio links (from the source cell to the UE) which may cause undesired latency and high failure probability.
Observation 2	In some NR deployments and scenarios, the probability of HO failure could increase due to the dependency on the RRC signaling transmissions over the source node at a time when the UE has already moved into the coverage area of the target cell.

And, based on these observations we propose the following:
Proposal 1	Adopt the baseline procedure in Figure 2 as the NR handover procedure
Proposal 2	Study different alternatives for the hand-over execution.
Proposal 3	NR should offer the possibility to associate the HO command (RRCConnectionReconfiguration with mobilityControlInfo) with a condition. As soon as the UE determines the condition to be fulfilled, it executes the handover in accordance with the handover command.
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[bookmark: _Ref466064665]R2-168718, “RRC Measurement Reporting in NR”, Ericsson
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