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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).

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.

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
In LTE, the serving cell forwards the mobiltiyControlInfo from the target cell to the UE via handover command. The mobilityControlInfo field provides the UE with, amongst other things, the physical cell ID and optionally dedicated RACH configurations. This is shown in Figure 2. The dedicated RACH configuration involved in the handover command contains the RA-premable and the RA-resources (ra-PRACH-MaskIndex). Any of the possible 64 premable index could be included in the mobiltiyControlInfo and the ra-PRACH-MaskIndex values were values between 0 and 15.  

In LTE, it is possible to provide contention free random access configuration (rach-ConfigDedicated) in the mobiltiyControlInfo information element of the HO command.
The rach-ConfigDedicated consists of a random access preamble (ra-PreambleIndex) and a RA time-frequency resource configuration (ra-PRACH-MaskIndex).

-- ASN1START

MobilityControlInfo ::=		SEQUENCE {
	targetPhysCellId					PhysCellId,
	carrierFreq							CarrierFreqEUTRA					OPTIONAL,	-- Cond HO-toEUTRA2
	carrierBandwidth					CarrierBandwidthEUTRA				OPTIONAL,	-- Cond HO-toEUTRA
	additionalSpectrumEmission			AdditionalSpectrumEmission			OPTIONAL,	-- Cond HO-toEUTRA
	t304								ENUMERATED {
											ms50, ms100, ms150, ms200, ms500, ms1000,
											ms2000, ms10000-v1310},
	newUE-Identity						C-RNTI,
	radioResourceConfigCommon			RadioResourceConfigCommon,
	rach-ConfigDedicated				RACH-ConfigDedicated				OPTIONAL,	-- Need OP
	...,
	[[	carrierFreq-v9e0				CarrierFreqEUTRA-v9e0				OPTIONAL	-- Need ON
	]],
	[[	drb-ContinueROHC-r11			ENUMERATED {true}					OPTIONAL	-- Cond HO
	]],
	[[	mobilityControlInfoV2X-r14	MobilityControlInfoV2X-r14				OPTIONAL	-- Need OR
	]]
}

	MobilityControlInfo field descriptions

	rach-ConfigDedicated
The dedicated random access parameters. If absent the UE applies contention based random access as specified in TS 36.321 [6].



RACH-ConfigDedicated information element
-- ASN1START

RACH-ConfigDedicated ::=		SEQUENCE {
	ra-PreambleIndex					INTEGER (0..63),
	ra-PRACH-MaskIndex					INTEGER (0..15)
}

-- ASN1STOP

	RACH-ConfigDedicated field descriptions

	ra-PRACH-MaskIndex
Explicitly signalled PRACH Mask Index for RA Resource selection in TS 36.321 [6].

	ra-PreambleIndex
Explicitly signalled Random Access Preamble for RA Resource selection in TS 36.321 [6].



[bookmark: _Ref480973699]Figure 1: MobilityControlInfo and some of its fields: Their format and descriptions in LTE RRC spec, 36.331 (REFERENCE)
As agreed in previous RAN2 meeting, 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 the need to system information. The RACH configuration(s) can also include contention free random access (CFRA).
In LTE, only one RA preamble and RA-mask-index information are included in the mobiltiyControlInfo. However, 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. For the beam (SS blocks) that are not included in the RACH-ConfigDedicated, the serving cell needs to provide at least the PRACH time-frequency resources (ra-PRACH-MaskIndex). This information needs to be provided as the UE needs to know the RA resources in the target cell without reading the system information. Therefore, it can be
The PRACH resources (time-frequency) resources corresponding to all the SS blocks of the target cell needs to be provided in order to enable the access to the target cell without reading system information from the target cell.
The PRACH resources (time-frequency) corresponding to the SS blocks of the target cell in which the UE is allowed to access are always included in the mobiltiyControlInfo in NR.
In certain scenario, the UE might already contain all the necessary random access related information (which time-frequency resources to be used) in the target cell. 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.
In certain scenarios, the UE might already contain all the RACH related configuration to access the target cell.
If the source cell does not include contention based random access related information in mobiltiyControlInfo then the UE shall interpret that it can reuse the existing system information to access the target cell.

In scenarios, wherein the source cell wishes to include PRACH configuration related to the CBRA to the target cell, there are several ways to provide PRACH resources (time-frequency) of the target cell. These alternatives are mentioned 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 2). 
	· 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 3). 
	· 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 4). 
	· 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 2 : Alternative-TF1 in Table 2‑1.

[bookmark: _Ref481745008]Figure 3 : Alternative-TF2 in Table 2‑1.
 
[bookmark: _Ref481745139]Figure 4 : 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]Adopt solutions for including contention based RA resources of the target cell at different granularity (per beam, per group, per cell) in mobiltiyControlInfo. 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 (both in T-F and 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 Adopt solutions for including contention free RA resources of the target cell in the RACH-ConfigDedicated field of mobiltiyControlInfo by providing flexibility in time-frequency and preamble domain. Details of the format of these configurations is FFS

[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. In LTE, it is possible to provide contention free random access configuration (rach-ConfigDedicated) in the mobiltiyControlInfo information element of the HO command.
1. The rach-ConfigDedicated consists of a random access preamble (ra-PreambleIndex) and a RA time-frequency resource configuration (ra-PRACH-MaskIndex).
1. The PRACH resources (time-frequency) resources corresponding to all the SS blocks of the target cell needs to be provided in order to enable the access to the target cell without reading system information from the target cell.
1. In certain scenarios, the UE might already contain all the RACH related configuration to access the target cell.

Based on the analysis in section 2, we propose the following:
1. The PRACH resources (time-frequency) corresponding to the SS blocks of the target cell in which the UE is allowed to access are always included in the mobiltiyControlInfo in NR.
If the source cell does not include contention based random access related information in mobiltiyControlInfo then the UE shall interpret that it can reuse the existing system information to access the target cell.
Proposal 4 Adopt solutions for including contention based RA resources of the target cell at different granularity (per beam, per group, per cell) in mobiltiyControlInfo. Details of the format of these configurations is FFS.
Proposal 5 [bookmark: _GoBack]Adopt solutions for including contention free RA resources of the target cell in the RACH-ConfigDedicated field of mobiltiyControlInfo by providing flexibility in time-frequency and preamble domain. Details of the format of these configurations is FFS.
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