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Introduction
[bookmark: _Ref178064866]In this contribution, we discuss further details of the handover execution procedure, especially on the contents of the handover command (including beam related information) and UE actions to access the target cell based on the agreements in RAN2#97bis and NR ad hoc:  
Agreements
1	Handover command can contain at least cell identity of the target cell and RACH configuration(s) associated to the beams of the target cell. RACH configuration(s) can include configuration for contention-free random access.
1b	UE selects a suitable beam from all beams of the target cell.
1c	UE performs CBRA on the UE's selected beam if CFRA resources are not provided for the UE's selected beam.

Agreements:
1	Measurement information (including beam information if there are beams in the network) reported by the UE can be included the HANDOVER REQUEST message sent to the target.
2	The handover command includes all necessary parameters (at least new C-RNTI, target gNB security algorithm identifiers, and optionally a set of dedicated RACH resources (RAN2 understand this could be time/frequency/sequence but decision is up to RAN1), etc.).
FFS How the UE uses the set of dedicated RACH resources and common RACH resources, 
FFS How the UE knows the common RACH resources.
3	Handover command can include association between RACH resources and SS blocks.
4	Handover command can include association between RACH resources and CSI-RS configuration(s), if RAN1 conclude that such association is possible.
FFS How the UE selects the beam and RACH resources to be used to access from the information included in the handover command. This could be specified behaviour, or specified behaviour with some parameter(s) than can be controlled by the network, and can be discussed is some aspects might be left to UE implementation.
5	Timer based handover failure procedure like LTE (T304) is supported in NR.
6	RRC connection re-establishment procedure should be used for recovering handover failure.


In particular, we address the FFS on how the UE selects the beam and RACH resources to be used to access the target cell, and provide some further details on how to provision the contention free random access parameters to the UE.
Discussion
Selecting a suitable beam
As discussed in the RAN2 NR ad hoc, leaving beam selection algorithm completely up to the UE implementation is problematic from the system operation point of view. Allowing different UEs to use different algorithms to select a suitable beam may lead to different hand-over performance for different terminals, and in the (unlikely) case that a UE implementation performs badly in a network, the network operator has very limited possibilities to mitigate the situation. These issues can be avoided be specifying the UE behaviour during the handover procedure in order to secure unified UE behaviour. 
Defining a suitable beam can be achieved either by specifying a minimum quality threshold for suitable beams, or alternatively allowing the network to configure a minimum quality threshold for suitable beams. In both cases if none of the beams detected by the UE fulfils the minimum quality criteria, the UE should consider the hand-over having failed, and initiate a recovery procedure. The main purpose to specifying a threshold is to avoid a an UE implementation choosing an unusable beam, and even though a network configurable threshold would be more flexible, a simple specified threshold should be adequate for this purpose.
[bookmark: _Toc487098788]Suitable beam is defined by a minimum quality threshold, which is specified by RAN4.
From network operation point of view, it is also preferable to ensure that the network operator has at least limited mechanisms to mitigate any observed performance issues. Several possible control mechanisms could be envisioned, such as being able to completely override the UE selection of a suitable beam. However, such extreme solutions may lead to the UE being forced to access the target cell using a beam with poor quality. In our opinion, a simple, but still sufficient mechanism would be to
· provide the UE a list of not allowed beams (“Not allowed beam” list). This would allow the network to eliminate hand-overs to beams that have been identified to lead to poor hand-over performance, or that are currently overloaded. 
· provide the UE a list of preferred beams (”Allowed beam” list). This would allow the network to steer the UE towards a set of beams, but in case none of the allowed beams is suitable (i.e. above the minimum quality threshold), the UE could still access the system using the non-preferred beams.
[bookmark: _Toc487098789]Network can provide a list of allowed and not allowed beams to control the beam selection in the target cell. 
Selecting RACH resources
The RAN2 agreement also may lead to a situation where the UE selects a beam which requires use of contention based random access (“CBRA beam”) even though the network provided contention free random access configuration for some beams (“CFRA beam”). In this case contention free random access resources reserved by the network are not used by the UE. This may be justified if the suitable beam selected by the UE is significantly better than all the beams for which the CFRA resources were provided, but in general such a waste of reserved resources should be avoided.
One possible solution, similar to defining the suitable beam in section 2.2, would be to require that a suitable CBRA beam when CFRA beams are provided should be based on a minimum acceptable quality. However, this quality threshold should probably not be an absolute value, but rather relative to the CFRA beams. If the UE has received a contention free random access (CFRA) configuration for some beams, the UE should only select a suitable beam without CFRA configuration if the selected suitable beam is significantly better than beams with CFRA configuration.
However, if the network already has a possibility to control the beam selection by providing the UE a list of allowed and/or not allowed beams, such a mechanism might be overly complex, as the network could simply provide the CFRA beams in the “allowed beam” list, which effectively prioritizes the CFRA beams over CBRA beams. In this case, the UE can simply select the best beam from all allowed beams, and no special mechanism is needed for selecting RACH resources
[bookmark: _Toc487098790]If proposal 2 is accepted, no special mechanism for selecting the RACH resources is needed, and the UE can simply select the best beam from all allowed beams. 

Providing contention free random access parameters
In LTE, the serving cell forwards the mobilityControlInfo from the target cell to the UE via handover command. The mobilityControlInfo field provides the UE with, amongst other things, the target cell ID, common radio resource configuration (including SIB1) and optionally a dedicated RACH configuration for contention free random access (containing random access preamble and resource configuration). The LTE information elements are included for easy reference in Appendix A. Note that if the network provides a dedicated random access configuration (for contention free access), it will override the common random access configuration provided in the system information (which is also included in the handover command).
For NR, it has been agreed that the HO command need to include at least the target cell ID plus RACH configuration(s) associated to beams of the target cell, so that UE can access target cell without reading the system information. The RACH configuration(s) can also include contention free random access (CFRA) configuration. This is very similar to LTE, and a straightforward solution would be to include also common radio resource configuration (including NR-SIB1) and potentially dedicated random access configuration. However, in LTE, only one RA preamble and RA-mask-index information are included in the mobilityControlInfo, while in NR, there could be a need to include multiple of these resources, each corresponding to a particular beam (SS block) from the target cell. 
In addition, in certain scenarios, the UE might already contain all the necessary random access related information (which time-frequency resources to be used) in the target cell even before receiving the handover command. Such a scenario could be possible in NSA deployments where the LTE MeNB PCell might configure the UE with system information that is valid for a larger area than a single cell. In such scenario, the source cell in NR need not include any RACH configuration in the mobilityControlInfo and the UE should interpret that it can use the already existing system information. 
[bookmark: _Toc487098791]NR mobilityControlInfo may contain a common radio resource configuration (including SIB1, which contains common random access parameters) as an optional information element. This configuration should contain random access parameters for all beams in the target cell. If common configuration is not included, the UE should reuse the system information acquired from the target cell. 
[bookmark: _Toc487098792]NR mobilityControlInfo may contain a dedicated random access configuration for some or all beams in the target cell, overriding the common configuration for those beams.

There are several ways to provide PRACH resources (time-frequency) of the target cell. Some alternatives are listed in Table 2‑1.
	
	
	Remarks

	Alternative-TF1
	· For each of the SS block from the target cell, provide T/F resources for PRACH corresponding to the SS block (see Figure 1). 
	· Well suited for analogue beamformer (both in DL and UL) with beam sweeping of SS blocks based implementation as the network needs to perform receiver beam sweeping to realize better UL coverage.

	Alternative-TF2
	· SS blocks from a cell are grouped into several groups.
· For each of the group in the target cell, provide T/F resource for PRACH corresponding to the group (see Figure 2). 
	· Well suited for analogue beamformer implementation of SS block sweeping and digital beamformer implementation of UL receiver beamforming.

	Alternative-TF3
	· Provide T/F resources for PRACH to be used by the UE for any of the SS blocks from the target cell (see Figure 3). 
	· Well suited for digital receiver beamforming implementation and also for scenarios with repetition based SS block transmission.  


[bookmark: _Ref481038350]Table 2‑1 : Different alternatives to provide time-frequency resources to be used by the UE for PRACH in the target cell.

[bookmark: _Ref481744818]Figure 1 : Alternative-TF1 in Table 2‑1.

[bookmark: _Ref481745008]Figure 2 : Alternative-TF2 in Table 2‑1.
 
[bookmark: _Ref481745139]Figure 3 : Alternative-TF3 in Table 2‑1.
As each of the alternative have their own advantages and disadvantages, they can be used in different scenarios to suit the network deployments. Therefore, NR should support all these possibilities.
Proposal 1 [bookmark: _Toc471226323][bookmark: _Toc471499668][bookmark: _Toc471499677][bookmark: _Hlk485380657]RA configuration of the target cell may be provided at different granularity (per beam, per group, per cell) in mobilityControlInfo. Details of the format of these configurations is FFS
For the CFRA at the time of HO, the target cell needs to reserve unique resources (either in T-F and/or in preamble domain) for the UE. This could be done in many different ways and they are listed in Table 2‑2.
	
	Remarks

	Alternative-CFRA1
	A single ra-PreambleIndex is provided along with SS block specific T-F resources (ra-PRACH-MaskIndex) to be used by the UE.

	Alternative-CFRA2
	A single T-F resources (ra-PRACH-MaskIndex) is provided along with SS block specific ra-PreambleIndex to be used by the UE.

	Alternative-CFRA3
	A set of T-F resources (ra-PRACH-MaskIndex) is provided and within each T-F resource a set of SS block specific ra-PreambleIndex are provided. The compbination of T-F resources and ra-PreambleIndexs will span the entire number of allowed SS blocks from the target cell. 


[bookmark: _Ref481042958]Table 2‑2: Different alternatives to provide CFRA resources to the UE
Proposal 2 Contention free RA resources of the target cell may be provided in time-frequency and/or preamble domain. Details of the format of these configurations is FFS
[bookmark: _Toc487096772][bookmark: _Toc487096773][bookmark: _Toc487098773][bookmark: _Toc487096774][bookmark: _Toc487098774][bookmark: _Toc487096775][bookmark: _Toc487098775][bookmark: _Toc487096776][bookmark: _Toc487098776][bookmark: _Toc487096777][bookmark: _Toc487098777][bookmark: _Toc487096778][bookmark: _Toc487098778][bookmark: _Toc487096779][bookmark: _Toc487098779][bookmark: _Toc487096780][bookmark: _Toc487098780][bookmark: _Toc487096781][bookmark: _Toc487098781][bookmark: _Toc487096782][bookmark: _Toc487098782][bookmark: _Toc487096783][bookmark: _Toc487098783][bookmark: _Toc487096784][bookmark: _Toc487098784][bookmark: _Toc487096785][bookmark: _Toc487098785][bookmark: _Toc487096786][bookmark: _Toc487098786][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:
1. Providing only mapping from SS Block to RACH configuration may create a significant delay to access a narrow beam.

Based on the analysis in section 2, we propose the following:
Proposal 1	Suitable beam is defined by a minimum quality threshold, which is either specified by RAN4.
Proposal 2	Network can provide a list of allowed and not allowed beams to control the beam selection in the target cell. 
Proposal 3	If proposal 2 is accepted, no special mechanism for selecting the RACH resources is needed, and the UE can simply select the best beam from all allowed beams. 
Proposal 4	NR mobilityControlInfo may contain a common radio resource configuration (including SIB1, which contains common random access parameters) as an optional information element. This configuration should contain random access parameters for all beams in the target cell. If common configuration is not included, the UE should reuse the system information acquired from the target cell.
Proposal 5	NR mobilityControlInfo may contain a dedicated random access configuration for some or all beams in the target cell, overriding the common configuration for those beams.
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