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Introduction
[bookmark: _Ref178064866]In RAN2#96, the handover procedure principles were discussed and the following agreements were made [1]. 

Agreements
1: NR shall support HO as part of the NR mobility procedures.
2: Network based mobility shall reuse the same principles as LTE (Rel-13) and for inter gNB HO consisting of at least:
-	Source gNB initiates the HO over the Xn interface via a HO request
-	Target gNB performs admission control and provides the RRC configuration as part of the HO acknowledgement
-	Source gNB provides the configuration to the UE including the HO command via RRC
-	The UE moves the connection to the target gNB via RRC
Further enhancements/modifications can be considered

In addition, the following has also been agreed:

Agreements
1	At least cell id and all information required to access the target cell will be included in the HO command. 
2	For at least some cases information required for contention based and contention free access can be included in the HO command
3	To be studied what beam related information of the target cell may be required.
4	Study the possibility of handover where a condition configured by the gNB is used by the UE to determine when it executes the handover.


In this contribution we provide further details of the handover execution procedure, especially on the contents of the handover command and UE actions upon entering the target cell.
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[bookmark: _Ref466010056][bookmark: _Ref466010051]Figure 1: Baseline HO procedure for NR
A handover mechanism aligned with the principles agreed in RAN2#96 is shown in Figure 1. In this contribution, we will focus further on the handover execution (i.e. steps 4 to 6 in Figure 1).
Based on the decisions in RAN2#95bis, the UE should be aware of the serving and target cells. This means that the UE should be able to map a group of beamformed mobility reference signals (regardless which alternative is selected by RAN1 e.g. PSS/SSS or additional beam-specific MRS) to an NR cell ID.
In a beamformed system, the random access parameters may vary between different beams in a cell so that receiver beamforming can be applied for PRACH preamble reception. For example, the timing between the reference/synchronization signal and random access opportunity is likely to be different for different beams when the reference/synchronization signals are beam swept across the cell, even if the other random access parameters and occasion would still be identical for all beams in the cell. For this reason, the UE should also be able to identify individual beams based on measured reference signals in RRC_CONNECTED. This identification can be done by e.g. encoding a beam ID in the broadcasted mobility reference signal or by providing a mapping between a range of MRSs and beam identifiers with dedicated signalling. In any case, a handover command containing a cell ID should enable the UE to identify a single beam and/or multiple beams associated with 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.
Table 1: Different hand-over execution alternatives
	
	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 
	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 associated with the selected beam from the HO command and uses those for the initial access

	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 associated with the selected beam from the HO command and uses those for the initial access 

	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
Note that alternative 5 is based on alternative 3.
	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 beam-specific / mobility reference signals. Upon receiving the handover command, the UE will autonomously find the strongest beam associated to the correct cell identity, read the corresponding system information matching the beam and cell, and trigger a random access. This has the benefit of requiring least signalling and network configuration but differently from LTE it requires the UE to read the system information, which may lead to extra delay. In addition, the lack of contention free resource may result in a handover failure if there are other users competing for the random access at the same time. Even though the UE will end up in the beam with strongest signal quality, the beam may not be optimal from network point of view (e.g. due to high load in the beam area). 
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 beam-specific / mobility reference signals. Upon receiving the handover command, the UE will find autonomously 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 the network to provide a dedicated handover configuration for the user, but requires some additional signalling. If the network would like to use dedicated signalling to provide a contention free random access, the network has to reserve random access resources in all beams in the cell. Especially if there are a large number of beams per cell and a large number of UEs handing in to the cell, this may not be feasible. Similar to alternative 1, even though the UE will end up in the beam with strongest signal quality, the beam may not be optimal from network point of view (e.g. due to high load in the beam area).
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 beam-specific 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 some additional signalling. In addition, network has to reserve random access resources in allowed beams, though the network can limit the amount of allowed beams to avoid significant over reservation of RA resources. The UE may also end up in a non-optimal beam from signal quality point of view, but the network can avoid selected beams if they are e.g. high loaded.
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 or not finding the desired beam in the target cell.
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 signalling. The UE may also end up in a non-optimal beam.
We have summarized the pros and cons of different alternatives in Table 2.
Table 2: Pros and cons of different hand-over execution alternatives
	
	Pros
	Cons

	Alternative 1
	Guaranteed access in the beam with strongest signal strength.
Lowest amount of signalling
	Potentially increased hand-over delay from reading the system information.
Contention based access may lead to hand-over delay or hand-over failure.
Selected beam may not be optimal from network point of view (e.g. due to high load).

	Alternative 2
	Guaranteed access in the beam with strongest signal strength.
Possibility for contention free hand-over.
	Increased signalling load if the network has to provide multiple RA configurations.
Requires network to reserve random access resources in all beams in the target cell.
Selected beam may not be optimal from network point of view (e.g. due to high load).

	Alternative 3
	Possibility for contention free hand-over.
Network can avoid hand-over to selected beams (e.g. due to high load).
	UE may not access in the beam with strongest signal strength or may lose the beam during a hand-over.
Requires network to reserve random access resources in several beams in the target cell.


	Alternative 4
	Possibility for contention free hand-over.
Network can avoid hand-over to selected beams (e.g. due to high load).
Allows network to reserve random access resources only in the target beam.

	UE may not access in the beam with strongest signal strength or may lose the beam during a hand-over.


	Alternative 5
	Possibility for contention free hand-over.
Network can avoid hand-over to selected beams (e.g. due to high load).
Immediate indication of the selected beam.
	UE may not access in the beam with strongest signal strength or may lose the beam during a hand-over.
Requires network to reserve random access resources in several beams in the target cell.





Based on the analysis above, Ericsson would prefer alternatives 3, 4 or 5, which allow more network control for the target beam,
[bookmark: _Toc471226323][bookmark: _Toc471499668][bookmark: _Toc471499677]Adopt solution 3, 4 or 5 for the handover execution.

[bookmark: _Toc458461065][bookmark: _Toc450773277][bookmark: _Toc450773306][bookmark: _Toc450773354][bookmark: _Toc450773369][bookmark: _Toc450774156][bookmark: _Toc450814189]Conclusion
[bookmark: _Toc450908196][bookmark: _In-sequence_SDU_delivery]Based on the analysis in section 2, we propose the following:
Proposal 1	Adopt solution 3, 4 or 5 for the handover execution.
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