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Introduction
[bookmark: _Ref178064866]In RAN2#96, the handover procedure principles were discussed and the following has been agreed:
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.

Agreements
1	Access information (e.g. RACH configuration) for the target cell is provided in the HO command to enable the UE to access the cell without reading system information. Access information may include beam specific information (if any).

In this contribution we discuss further details of the handover execution procedure, especially on the contents of the handover command and UE actions to access the target cell.
Discussion
As agreed in previous RAN2 meeting, the HO command need to include at least the target cell ID plus access information (e.g. RACH configuration) of the target cell, so that UE can access target cell without the need to system information.
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Figure 2 SS Block burst set in NR.
In RAN1, it has been agreed that a cell is identified and accessed at least via the so called SS Block comprised at least by NR-PSS, NR-SSS and PBCH. These are periodically transmitted in SS Block Sets. In the particular case of analog beamforming, multiple bursts could be defined per set so that concatenated SS Blocks would form an SS Block Burst. Each SS Block can also be identified by some OFDM symbol timing information, although RAN1 has not yet agreed on the details of that. Moreover, in the multi-beam case, each SS Block identification could be mapped to a DL beam at the network side.
Observation 1 An SS Block is comprised at least of NR-PSS, NR-SSS (encoding the cell ID), PBCH and some information enabling the UE to distinguish SS Blocks from the same cell.
Observation 2 An SS Block contains some information that enables the UE to distinguish SS Blocks within the same cell and from different cells. How SS Block is identified depends on the progress in RAN1.

Before discussing how the UE accesses the target cell during a handover, one should discuss some basic assumptions related to random access. In RAN1#88, it has been agreed that the gNB can configure an association between DL signal/channel, and a subset of RACH resources and/or a subset of preamble indices, for determining Msg2 DL Tx beam. The UE should then be able to selects the subset of RACH resources and/or the subset of RACH preamble indices based on the DL measurement and the corresponding association.
Observation 3 Based on DL measurements on SS Block for a given cell the UE can select a subset of RACH resources and preamble indices.
Based on these observation, in the case of SS Blocks are transmitted in multiple beams, preamble reception enables the gNB to know the best DL beam to transmit the RAR and subsequent DL transmissions (even without reciprocity assumptions). Hence, in order to enable the UE to access the target cell in handover execution without the need to read broadcasted system information, the UE needs to be configured in the handover command with the RACH configuration of the SS Blocks the target allows the UE to access.
Handover command can contain RACH configuration associated to the SS Blocks of the target cell.
As in LTE, after receiving the HO command the UE can start to synchronize with target cell and try to access the target cell via random access procedure e.g. based on NR-PSS/NR-SSS. In addition, UE also need to select a beam to be used as reference to initiate random access (i.e. to derive its RACH parameters). Herein, as in previous meetings, we have listed the different alternatives in Table 1.
Table 1: Different handover execution alternatives
	
	4. HO command contents
	5. Sync and random access

	Alternative 1
	Cell identity only. 

	UE autonomously selects the strongest SS block 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 SS block

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

	Alternative 3
	Cell identity + list of allowed SS blocks + PRACH configuration(s)
Multiple PRACH configurations may be provided to enable different RA parameters for different SS blocks or SS block groups
	UE autonomously selects a SS block from the list of SS blocks in the HO command associated to the indicated cell identity.
UE uses the random access parameters associated with the selected SS block from the HO command and uses those for the initial access 

	Alternative 4
	Cell identity + PRACH configuration + indication of allowed SS block
	UE synchronizes to the SS block provided in the 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 + list of allowed SS blocks + mapping between SS blocks and a PRACH configuration
Note that alternative 5 is based on alternative 3.
	UE autonomously selects a SS block from the list of allowed SS blocks with correct cell identity.
UE uses the random access parameters from the HO command and uses the preamble corresponding to the selected SS block to indicate to the network which SS block it selected..



In alternative 1, the UE receives a handover command which contains a target cell identity. Upon receiving the handover command, the UE will autonomously find the strongest SS block 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 SS block with strongest signal quality, the SS block may not be optimal from network point of view (e.g. due to high load in the beam area). 
Observation 4 UE is required to read the system information in alterative 1 and hence it contradicts the current agreement in RAN2.
In alternative 2, the UE receives a handover command which contains a target cell identity and a random access configuration. Upon receiving the handover command, the UE will find autonomously a SS block with the 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. 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 SS blocks in the target cell. Especially if there are a large number of SS blocks 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 SS block with strongest signal quality, the SS block 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 SS blocks. The list of SS blocks is explicitly signalled. Upon receiving the handover command, the UE will select a SS block with both correct cell identity and an allowed SS block identity. 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 SS blocks the UE may end up at, but requires again some additional signalling. In addition, network has to reserve random access resources in allowed SS blocks, though the network can limit the amount of allowed SS blocks to avoid significant over reservation of RA resources. The UE may also end up in a non-optimal SS block from signal quality point of view, but the network can avoid selected SS block 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 SS block identity. The target SS block identity is explicitly signalled. Upon receiving the handover command, the UE will search for a SS block with both correct cell identity and correct SS block identity. 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 SS block, but requires additional configuration and signalling and may result in the UE ending up in a non-optimal SS block or not finding the desired SS block 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 SS blocks and a mapping of a random preamble (or some other part of access configuration) to each SS block identifier. The list of SS blocks is explicitly signalled. Upon receiving the handover command, the UE will select a SS block with both correct cell identity and an allowed SS block identity. 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 SS block identifier. This has the benefit of allowing network to provide a dedicated handover configuration for the user, limiting the number of possible SS blocks the UE may end it and allowing network to immediately detect which SS block the UE has selected, but requires again additional configuration and signalling. The UE may also end up in a non-optimal SS block.
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 SS block 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 SS block may not be optimal from network point of view (e.g. due to high load).

	Alternative 2
	Guaranteed access in the SS block 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 SS blocks in the target cell.
Selected SS block 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 SS blocks (e.g. due to high load).
	UE may not access in the SS block with strongest signal strength or may lose the SS block during a hand-over.
Requires network to reserve random access resources in several SS blocks in the target cell.


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

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


	Alternative 5
	Possibility for contention free hand-over.
Network can avoid hand-over to selected SS blocks (e.g. due to high load).
Immediate indication of the selected SS block.
	UE may not access in the SS block with strongest signal strength or may lose the SS block during a hand-over.
Requires network to reserve random access resources in several SS blocks 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 SS block,
[bookmark: _Toc471226323][bookmark: _Toc471499668][bookmark: _Toc471499677]Adopt solution 3, 4 or 5 for the handover execution.
Based on the analysis above, we think all of them are necessary for different scenario, therefore, besides the baseline solution to provide RACH configuration for per SS Block for target cell in HO command, HO command can also include RACH configuration for one or a few SS Block for target cell. Hence, the following is proposed: 
HO command can include one or multiple of allowed SS Block(s) for the target cell.
HO command can include common RACH configuration associated to one or multiple SS Block(s) for the target cell.
HO command can include dedicated RACH configuration associated to one or multiple SS Block(s) for the target cell for contention-free random access. 

UE actions upon receiving the HO command
Once the handover command is received, the UE should among other steps synchronize with the target cell before initiating random access. In NR multi-beam scenarios, in addition to that, the UE has to perform some kind of DL beam selection and/or using the NR terminology SS Block selection associated to the target cell regardless which RACH configuration is transmitted in the HO command. It is reasonable to assume that the UE should select at least the best beam in the target cell.
Upon receiving the HO command the UE should initiate random access associated to the best selected beam / SS Block in the target cell.
Note: In the case the UE is provided with an allowed list of beams that could be accessible, the UE should select the best beam out of the allowed beams.

In order to initiate a random access associated to the best selected beam in the target cell, the UE should perform a DL beam selection and at least two options are possible:
· Option a) UE perform beam selection at the target cell after receiving the handover command;
· Option b) UE perform DL beam tracking with potential neighbor cell candidates before receiving the handover command;

In option a) the UE needs to receive the command and, if it is already synchronized with the target cell, it needs to wait for a whole SS Block Burst Set to detect all possible beams. In some scenarios, e.g. when the periodicity of these sets are long, it might take some time from the reception to the handover execution to the initiation of the random access with the target cell. Option b), on the other hand, allows the UE to perform beam tracking with potential neighbour candidates before the handover execution occurs. Hence, upon receiving the handover command the UE can directly access a RACH opportunity without the need to wait, which may reduce the latency during handover execution. In our view the standard should provide means to support option b) by the UE, especially considering that handover interruption time should be as close as possible to 0ms.
UE should be able to perform DL beam tracking of potential neighbour cells to reduce the handover interruption time. 

In RAN1 there is an ongoing discussion on the possibility to allow the UE to transmit multiple random access preambles which can be interpreted as the UE being able to transmit a second preamble even before expiring the RAR window associated to the first preamble. Such a possibility could be beneficial in the case of the handover execution and should be further studied.
Further study how multiple random access preamble transmissions could be used for the access to the target cell.
[bookmark: _Toc458461065][bookmark: _Toc450773277][bookmark: _Toc450773306][bookmark: _Toc450773354][bookmark: _Toc450773369][bookmark: _Toc450774156][bookmark: _Toc450814189]Conclusion
[bookmark: _Toc450908196][bookmark: _In-sequence_SDU_delivery]Following observations were made in section 2:

Observation 1 An SS Block is comprised at least of NR-PSS, NR-SSS (encoding the cell ID), PBCH and some information enabling the UE to distinguish SS Blocks from the same cell.
Observation 2 An SS Block contains some information that enables the UE to distinguish SS Blocks within the same cell and from different cells. How SS Block is identified depends on the progress in RAN1.
Observation 3 Based on DL measurements on SS Block for a given cell the UE can select a subset of RACH resources and preamble indices.
Observation 4 U E is required to read the system information in alterative 1 and hence it contradicts the current agreement in RAN2.
Based on the analysis in section 2, we propose the following:
1. Handover command can contain RACH configuration associated to the SS Blocks of the target cell.
Adopt solution 3, 4 or 5 for the handover execution. 
HO command can include one or multiple of allowed SS Block(s) for the target cell.
HO command can include common RACH configuration associated to one or multiple SS Block(s) for the target cell.
HO command can include dedicated RACH configuration associated to one or multiple SS Block(s) for the target cell for contention-free random access. 
Upon receiving the HO command the UE should initiate random access associated to the best selected beam / SS Block in the target cell.
UE should be able to perform DL beam tracking of potential neighbour cells to reduce the handover interruption time. 
Further study how multiple random access preamble transmissions could be used for the access to the target cell.
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