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1 Introduction

During the handover, the target gNB can include one of the following RACH configurations in the mobilityControlInfo to enable the UE to access the target cell: 
i. Common RACH configuration associated with SS-Block or

ii. Common RACH configuration associated with SS-Block + Dedicated RACH configuration associated with SS-Block or 
iii. Common RACH configuration associated with SS-Block + Dedicated RACH configuration associated with CSI-RS.

In case the UE is configured with both common and dedicated RACH resources associated with DL TX beams (i.e. SS blocks or CSI-RSs), UE needs to decide whether to select the DL TX beam associated with dedicated RACH resources or common RACH resources for PRACH (Re-) transmissions. This issue was discussed in last meeting and following high level principle was agreed:
According to above agreement, depending on network implementation, network can configure one of the 
This issue was further discussed in the email discussion #28 after the RAN2#99. In this contribution we discuss the open issues identified during the email discussion. 

2 Discussion
2.1 Threshold for Beam Selection

According to email discussion [2], the majority (almost unanimous) view is that: “Dedicated RACH resources (if provided) where the beam quality measured on the associated NR-SS or CSI-RS above a threshold is prioritized. FFS: whether threshold(s) for SS block or CSI-RS selection is configured or fixed in the spec (can be up to RAN1 discussion)”.
In RAN1 NR#3 [3], RAN1 has agreed that: “For initial access, threshold for SS block selection for RACH resource association is configurable by network, where the threshold is based on RSRP”.

UE reports a suitable (i.e. signal quality above a threshold) DL TX beam by selecting PRACH resource mapped to the suitable DL TX beam. After receiving the PRACH preamble, gNB transmits RAR using the reported DL TX beam. The threshold ensures that DL TX beam selected and reported by UE using PRACH transmission has signal quality sufficient enough for UE to receive RAR transmitted by gNB using that DL TX beam. In case of TX/RX beam reciprocity at gNB, the threshold also ensures that appropriate RX beam is used by gNB for receiving the PRACH preamble transmitted by UE. The threshold depends on various deployment factors such as cell size, beam characteristics, etc. So we propose that during handover, the threshold for SS block or CSI-RS selection for accessing the target cell is configured in handover command. If the handover command includes only common RACH configuration associated with SS block then the threshold is used by UE to select common RACH resource associated with a suitable SS block. If the handover command includes both common and dedicated RACH configuration associated with SS block then the threshold is used by UE to select common or dedicated RACH resource associated with a suitable SS block. Dedicated RACH resource is prioritised over common RACH resource. If the handover command includes common RACH configuration associated with SS-Block + dedicated RACH configuration associated with CSI-RS, it should be possible to configure separate thresholds for CSI-RS and SS block selection as both SS block and CSI-RS have different beam characteristics. Dedicated RACH resource associated with a suitable CSI-RS is prioritised over common RACH resource associated with a suitable SS block.
Proposal 1: During handover, threshold for SS block/CSI-RS selection for accessing the target cell is signaled in handover command.

2.2 Fallback from Dedicated to Common RACH Resources 
Various fallback options were discussed during the email discussion [2]. Following options were agreed to be studied further:
i.   Option 1: UE attempts up to K suitable dedicated RACH resources that satisfy the suitability criteria (i.e. RACH resources where the beam quality measured on the associated NR-SS or CSI-RS above a threshold) where K is configured by the network then the UE is allowed to use common RACH (K is small and can be 1)

ii.   Option 2: UE attempts the suitable dedicated RACH resources that satisfy the suitability criteria (i.e. RACH resources where the beam quality measured on the associated NR-SS or CSI-RS above a threshold), UE should fall back to common RACH resource only if there is no suitable dedicated RACH resources

iii.   Option 3: Up to UE implementation
In option 1, let’s say there are ‘M’ dedicated RACH resources. Each dedicated RACH resource is associated with a DL TX beam (i.e. SS block or CSI-RS). Network configures a parameter ‘K’, where ‘K’ << ‘M’. Based on the measurements there are ‘K1’ suitable dedicated RACH resources. UE attempts Msg1 transmission up to MIN [K1, K] times using dedicated RACH resource and after that it falls back to common RACH resources. An example operation of option 1 as per our understanding is illustrated in Figure 1. 
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Figure 1 (Option 1)
One drawback of option 1 is that even if the suitable dedicated RACH resources are available after transmitting the Msg1 ‘K’ times, UE falls back to common RACH resources. In case dedicated RACH resources are available for all the suitable DL TX beams, after fall back either UE will use the common RACH resources for the same DL TX beams for which dedicated RACH resources are available or UE will use the common RACH resources corresponding to non-suitable DL TX beams, which does not make sense.
Observation 1: In option 1, even if the suitable dedicated RACH resources are available after transmitting the Msg1 ‘K’ times, UE falls back to common RACH resources.

Observation 2: In option 1, if dedicated RACH resources are available for all the suitable DL TX beams, after the fall back either UE will use the common RACH resources for the same DL TX beams for which dedicated RACH resources are available or UE will use the common RACH resources corresponding to non-suitable DL TX beams.

It is not clear to us whether each (up to ‘K’) Msg1 transmitted in this option always corresponds to different DL TX beam or not. Whether UE is mandated to fall back to common RACH resource after transmitting up to ‘K’ PRACH transmissions or not? The proponents of this option can clarify these aspects for option1.
Observation 3: Following aspects are not clear for option 1.

· Whether each (up to ‘K’) Msg1 transmitted in option 1 always corresponds to different DL TX beam or not?

· Whether UE is mandated to fall back to common RACH resource after transmitting up to ‘K’ PRACH transmissions or not? OR fall back to common RACH resource after transmitting up to ‘K’ PRACH transmissions is up to UE implementation?

We further discuss whether it is beneficial to fallback to common RACH resource if one or more suitable dedicated RACH resource (s) are available. Random access may fail because of one of the following reasons:

i. Msg2 reception failure: gNB receives Msg1 and it transmits RAR. UE fails to receive RAR.
· Selecting a dedicated RACH resource corresponding to a suitable DL TX beam ensures that UE can receive RAR if gNB transmits RAR using suitable DL TX beam reported by UE. The time interval between Msg1 transmission and RAR reception is also very short in beam formed system and we do not expect beam to change during this interval. So there is no need to fallback to common RACH resources to improve the reception probability of RAR if suitable dedicated RACH resource is available. 
ii. Msg1 transmission failure: gNB fails to receive Msg1.

· Msg1 transmission can fail in case of dedicated RACH resources, if PRACH TX power is not enough and/or UL TX beam direction is not appropriate. If suitable dedicated RACH resource is available, falling back to common RACH resources will not improve this situation. In case of common RACH resources, contention will also lead to failure in addition to PRACH TX power and UL TX beam direction.
Observation 4: If suitable dedicated RACH resource is available, falling back to common RACH resources is not beneficial.
An example operation of option 2 is illustrated in Figure 2. If dedicated RACH resource is available for a suitable DL TX beam, UE uses the dedicated RACH resource for Msg1 (re-)transmissions. UE falls back to common RACH resource only if dedicated RACH resources are not available for any suitable DL TX beam(s).
Observation 5: In option 2, if the suitable dedicated RACH resources are available, UE does not fall back to common RACH resources.

Based on the discussion above we propose to adopt option 2. 
Proposal 2: Adopt option 2 for fallback to common RACH resources.
· If dedicated RACH resource is available for a suitable DL TX beam, UE uses the dedicated RACH resource for Msg1 (re-)transmissions. UE falls back to common RACH resource only if dedicated RACH resources are not available for any suitable DL TX beam(s).


[image: image2.emf]UE select dedicated RACH resource. Transmit Msg1.

Random Access Procedure is successfully completed?

Max Msg1 Transmissions reached?

One or more Dedicated RACH resources are suitable?

No

No

Random Access Failure Indication to higher layer

Yes

Yes

No

Access to target cell is initiated

UE select common RACH resource. Transmit Msg1.

Access to target cell is complete

Yes


Figure 2

3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposal:
Proposal 1: During handover, threshold for SS block/CSI-RS selection for accessing the target cell is signaled in handover command.
Proposal 2: Adopt option 2 for fallback to common RACH resources. 
· If dedicated RACH resource is available for a suitable DL TX beam, UE uses the dedicated RACH resource for Msg1 (re-)transmissions. UE falls back to common RACH resource only if dedicated RACH resources are not available for any suitable DL TX beam(s).
4 References

[1] RAN2 #99 Chairman Notes
[2] Email Discussion Report

[3] RAN1 NR#3 Chairman Notes
Agreement from RAN2#99 [1]


High level principle: 


Dedicated RACH resources, if provided, are prioritized 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.
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