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1 Introduction
During the RAN2 NR AH#2, the following agreements were made [1]: 

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.

During the RAN1 NR AH#2 meeting, the following was agreed that [2]:
At least for handover case, a source cell can indicate in the handover command

•
Association between RACH resources and CSI-RS configuration(s)

•
Association between RACH resources and SS blocks

•
A set of dedicated RACH resources (FFS: time/frequency/sequence)

•
Note that above CSI-RS configuration is UE-specifically configured

In RAN2#99, the following agreement were made [3]: 
4
RAN2 understanding is that the common RACH configuration for beams in the target cell can only be associated to the SS Block(s).

5
RAN2 understanding is that the network can have dedicated RACH configurations associated to the SS Block(s) and/or have dedicated RACH configurations associated to CSI-RS(s) within a cell.

FFS: The target gNB can optionally include the common RACH configuration in the mobilityControlInfo. If not included the UE continues to use the common RACH configuration of the source cell.

6
The target gNB is able to include one of the following RACH configurations in the mobilityControlInfo to enable the UE to access the target cell: i/ Common RACH configuration, ii/ Common RACH configuration + Dedicated RACH configuration associated with SS-Block or iii/ Common RACH configuration + Dedicated RACH configuration associated with CSI-RS. (List of options to be revised if common RACH is concluded to be optional based on above FFS.)


(Simultaneously including in the mobilityControlInfo a dedicated RACH configuration associated with SS-Block and a dedicated RACH configuration associated with CSI-RS is not supported.)

FFS Whether there will be a fallback procedure using common RACH when dedicated RACH fails.
This contribution discusses the fallback procedure using common RACH when dedicated RACH fails. 
2 Beam selection for RACH during handover
2.1 PRACH resource configuration
A PRACH resource is a time-frequency resource i.e., a set of physical resource blocks (PRBs) on which a random access preamble is transmitted. When performing the random access procedure, the UE selects the preamble sequence to transmit according to a number of criteria, including using a dedicated preamble if configured. The UE may receive a common PRACH configuration from the broadcasted system information (e.g., for initial access), or by dedicated signaling (e.g., in a handover command). More specifically:
A dedicated PRACH resource corresponds to:
· Time/frequency resource provided to the UE by dedicated signaling and not part of system information; and/or
· A dedicated preamble for contention-free RACH using a PRACH resource.

A common PRACH resource corresponds to:

· Time/frequency resource provided to the UE as part of system information (provided to the UE either by dedicated signaling or by broadcast signaling).

There are thus possible cases where the UE may receive a PRACH resource configuration using dedicated signaling for a contention-based random access (i.e., with the preamble index set to “0s”). Such may occur in a deployment where insufficient (or none are configured) dedicated preambles are available at the time of the handover and/or in cases of high access load.
A dedicated PRACH resource may be associated to SSB or to CSI-RS. Common PRACH resources are always associated to SSB. Typically, a PRACH resource associated to SSB correspond to wider beams that those associated with CSI-RS.
2.2 PRACH resource configuration signalling
It has been agreed that the target gNB can include one of the following RACH configurations:

· Common RACH configuration;
· Common RACH configuration + Dedicated RACH configuration associated with SS-Block;
· Common RACH configuration + Dedicated RACH configuration associated with CSI-RS.
The network manages PRACH resources and preambles based on access load on PRACH, collision probability, desired coverage and handover failure rate. It may also dimension those resources such as to ensure a maximum access latency.
Proposal 1: 
Upon handover, the UE uses those common PRACH resources as included in the handover command irrespective of the configuration broadcasted in the system information.
In other words, there shall be no restriction such that the common PRACH information in the handover command be identical to that of the broadcasted system information, although it would make sense for the network to do so in most situations.

In addition, companies have proposed to signal what of the common PRACH resources indicated in the system information are allowed/not allowed in the handover command. However, this seems to amount to a signaling optimization which should not impact the discussion on beam selection for random access.

Proposal 2: 
The signaling of common PRACH resources can be self-contained in the handover command. FFS if signaling optimizations may be introduced for the handover command.

A RACH configuration may include PRACH resources associated with SSB or CSI-RS. Priorization of the dedicated resource over the common ones have been discussed at the last meetings.
It is still FFS is whether thresholds for SS block or CSI-RS selection is configured by the network or fixed in the specifications (by RAN4), which is in scope of RAN1 discussions. 
The majority of companies expressed that the dedicated RACH resources (if provided) where the beam quality measured on associated NR-SS or CSI-RS above a threshold (i.e., suitable) is prioritized.
The following high level principle has been agreed at the last meeting:
High level principle: 

Dedicated RACH resources, if provided, are prioritised over common RACH resources. 

The UE is not forbidden from attempting to access using common RACH resources before declaring HO failure based on T304 expiry.
Observation 1: 
Dedicated PRACH resources (if provided) where the beam quality measured on the associated NR-SS or CSI-RS above a threshold are prioritized.
It was also discussed during the last meeting and the email discussion [4], how long should the dedicated RACH resources be prioritised before the fallback to common resources.

2.3 Beam selection for random access 
Prioritization of dedicated RACH resource before the fallback mainly focused on how many dedicated resources or how many times the UE attempts random access using suitable dedicated RACH resources before falling back to a common resource. It was also considered to leave this to UE implementation.
Observation 2: 
it is assumed that a threshold to determine whether or not a beam is suitable is available to the UE (either signaled from the network and/or defined by RAN4).
PRACH resources are associated with reference signals and these reference signals are carried over either wide beams (SSB) or narrow beams (CSI-RS). Hence the selection of the RACH resources is  actually a selection of a beam to perform the random access. In a beamforming environment, different beams of a cell may belong to different TRPs which is in turn one additional dimension in the management of PRACH resources from the network’s perspective. As such, the network should have complete control and flexibility and should not be restricted in the manner it allocates dedicated PRACH resources and common PRACH resources.

Observation 3: 
The network should have flexible means to control and configure the UE’s behaviour for beam selection for random access upon handover.
The UE may receive a PRACH time/frequency resource configuration using dedicated signalling for a contention-based random access i.e. without a dedicated preamble. 
In the last meeting, RAN1 have agreed the following for contention-based RACH:

	RAN1 agreement for contention RACH from meeting #90:

Agreements:
· It is up to UE implementation how to select the SS block and corresponding PRACH resource for path-loss estimation and (re)transmission based on SS blocks that satisfy threshold(s)
· If UE does not detect a SS block that satisfy threshold(s), it has the flexibility to select any SS block that allows UE to meet the target received power of the RACH preamble with its maximum transmit power
· UE has a flexibility to select its RX beam to find the list of SS blocks that satisfy the threshold(s)
· FFS: whether threshold(s) for SS block selection is configured or fixed in the spec 
· Counter of power ramping when UE changes its selected SS-block in message 1 re-transmission is unchanged


The above agreement seems to address the case of a common PRACH resource with SSB for contention-based random access with focus on the initial acces to a cell using a wide beam. It seems to intend to ensure that the UE has sufficient flexibility to make access attempts even in the absence of a beam with sufficient quality, before triggering cell reselection.
Observation 4: 
The RAN1 agreement regarding beam selection is for contention-based RACH using common PRACH resources associated with SSBs.
For the random access procedure at handover, the PRACH configuration for a UE depends on the deployment of the beamformed system in the target cell (including TRP distribution), the load on the different PRACH resources and the measurements from the UE received by the network in the source cell (i.e., the UE’s geometry). The network may determine that likely suitable beams for the UE are wider beam with NR-SS, or possibly opportunistically narrower beams with CSI-RS - as a function of those aspects.

As the UE’s geometry (e.g., rotation, blockage, skin proximity detection) may change between the time of the transmission of the measurements and the time it executes the handover command, there is some uncertainty in terms of the suitability of the selected beam for random access especially in case of narrower beams (CSI-RS).
For narrower beams  (CSI-RS), the following is thus proposed to minimize latency and to increase the likelihood of successfully completing the random access procedure:
Proposal 3: 
Upon handover, the UE selects the best suitable beam for a dedicated PRACH resource associated with CSI-RS based on the UE’s measurements.
For wider beams (SSB), random access using the associated PRACH resources may be generally more similar to the case of the initial access to a cell.

Proposal 4: 
Upon handover, the RAN1 agreement for contention-based RACH is also applicable for dedicated PRACH resources associated with SSB only.
However, one difference from the initial access is that the handover latency should be minimized whenever possible when accessing the cell with wider beams and consequently the following is proposed: 
Proposal 5: 
Upon handover, the UE selects a suitable beam that enables the earliest initial preamble transmission in time for dedicated PRACH resources associated with SSB only.
In the above, suitable excludes any beam that may exceed the regulatory requirements in terms of radiofrequency radiation exposure for mobile devices and other similar beam-related impairment cases.
2.4 Random access procedure upon handover 

According to the above, if the UE determines that it has at least one suitable (i.e., above a threshold) dedicated PRACH resource associated with CSI-RS, then the UE selects the best corresponding beam for the random access. Otherwise, if the UE determines that it has at least one suitable (i.e., above a threshold) dedicated PRACH resource associated with SSB, then the UE selects any of the corresponding beam for the random access. In the latter case, the UE minimizes the latency by selecting the PRACH occasion that occurs earliest in time amongst all resources associated with suitable beams.
However, the number of attempts to perform the random access procedure should be controlled by the network. Consequently to the above, the following is proposed:
Proposal 6: 
The UE performs at most one contention-free random access procedure with a beam associated with a dedicated PRACH resource with CSI-RS upon handover.
Proposal 7: 
The UE performs at most one contention-free random access procedure with a beam associated with a dedicated PRACH resource with SSB upon handover.
Proposal 8: 
The UE performs at most one contention-based random access procedure upon handover with a beam associated with a PRACH resource with SSB upon handover.
The above proposals intends to ensure that the UE can always fallback to a PRACH resource associated with SSB (common or dedicated) after performing at most one of the following:

· One contention-free random access procedure using a dedicated PRACH resource with CSI-RS; or
· One contention-free random access procedure using a dedicated PRACH resource with SSB;

In other words, the UE first attempts a random access using a narrow beam and/or using a dedicated preamble, and if unsuccessfull it may fall back to a random access using a wider beam using either a MAC-selected preamble or a dedicated preamble (if available for the PRACH resource).

3 Conclusion
RAN2 should discuss the above and agree to the proposals below:
Proposal 1: 
Upon handover, the UE uses those common PRACH resources as included in the handover command irrespective of the configuration broadcasted in the system information.
Proposal 2: 
The signaling of common PRACH resources can be self-contained in the handover command. FFS if signaling optimizations may be introduced for the handover command.

Proposal 3: 
Upon handover, the UE selects the best suitable beam for a dedicated PRACH resource associated with CSI-RS based on the UE’s measurements.
Proposal 4: 
Upon handover, the RAN1 agreement for contention-based RACH is also applicable for dedicated PRACH resources associated with SSB only.
Proposal 5: 
Upon handover, the UE selects a suitable beam that enables the earliest initial preamble transmission in time for dedicated PRACH resources associated with SSB only.
Proposal 6: 
The UE performs at most one contention-free random access procedure with a beam associated with a dedicated PRACH resource with CSI-RS upon handover.
Proposal 7: 
The UE performs at most one contention-free random access procedure with a beam associated with a dedicated PRACH resource with SSB upon handover.
Proposal 8: 
The UE performs at most one contention-based random access procedure upon handover with a beam associated with a PRACH resource with SSB upon handover.
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