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1. Introduction
In last RAN2 meeting, discussion on random access procedure for NR was started and the following high level agreements were made. 

Agreements:

1: Both contention-based and contention-free RA procedure should be supported in NR.

2: Contention-based and contention-free RA procedures follow the steps of LTE (does not preclude consideration of 2 step RA)

3: RAN2 should strive for as much commonality in random access procedure as possible across all use cases.

4 
The design of RA procedure in NR needs to support flexible Msg3 size (as already supported in LTE). 

FFS whether the eNB can be provided with more information (compared to LTE) from the UE on the Msg3 size to provide.

One NR gNB corresponds to one or many TRPs.  In this paper, we discuss design principles for random access procedure in NR taken into account the presence of multiple TRPs in a NR gNB as well as the discussion taken place in RAN1 and RAN2 on system information, initial access and NR cell.

2. Discussion
Even though, some enhancements were introduced for random access in later releases of LTE, the basic procedure and signalling steps used for RA procedure did not require modification to address later introductions of new features and services in LTE. RA procedure used in LTE is stable and allows sufficient support for forward compatibility. It was agreed in last meeting to follow the steps used in LTE RA procedure for NR as well. Even though the use of steps could be similar as for LTE RA procedure, the presence of TRP/beam in NR cell should be considered for the design of RA procedure for NR.
The first question is whether the PRACH configuration provided for initial access is cell specific or TRP/beam specific in NR. 

NR is supported in low frequency as well as high frequency.  Operation of RA for initial access could be seen similar to the RA procedure in legacy LTE system, hence cell specific PRACH configuration is useful at least in low frequency NR system. 
NR cell may consist of large number of TRPs. TRPs within a NR cell may or may not be synchronous to each other. Support of flexible PRACH configuration per TRP/beam has the advantage of the PRACH configuration to be targeted for specific load or capacity or dedicated services served by a TRP. Thus it supports the deployment flexibility of a TRP as per need basis identified by the operator. In TDD cell deployment, it is likely that dynamic TDD configuration to be supported in TRP depending on the demand. Thus having PRACH configuration also cater for the demand in a TRP is beneficial. 

Connected mode UEs are communicating with a set of TRPs. For RA procedure by connected mode UEs could be based on the TRP/beam specific PRACH configuration. 

Proposal 1: Both cell specific and TRP/beam specific PRACH configuration should be supported in NR in order to allow for different NR deployment scenarios.
It was agreed in the last meeting to maintain commonality as much as possible in random access procedure across all user cases. If proposal 1 is agreeable, a RA procedure should be designed such that the messages used and the steps used in RA procedure is independent whether the cell specific or TRP/beam specific PRACH configuration is used. Thus, common RA procedure is seen from the UE perspectives. 
Proposal 2: RA procedure should be designed such that the messages and steps used in RA procedure are independent of whether cell specific or TRP/beam specific PRACH configuration is used. 

In RAN2#95bis, it was agreed that basic information for initial access to the cell is considered within the minimum SIs provided in the cell.  It is straightforward to consider the cell specific PRACH configuration in the minimum SI of the cell. There are two possibilities for provisioning of the TRP/beam specific PRACH configuration in the system. 
· Option 1: Provide the TRP/beam specific PRACH configuration in minimum SI of the cell. 

· Option 2: Provide the TRP/beam specific PRACH configuration in the corresponding TRP/beam.
In Option 2, the UE is required to acquire PRACH configuration from the corresponding TRP/beam just prior to initiating the RA procedure. The acquisition of PRACH configuration from TRP/beam may contribute to additional latency of the cell access procedure. Therefore, compare d to Option 2, Option 1 results in low latency of initial access procedure. NR has 10ms requirement on the latency. Even though other mechanism such as the use of short TTI, 2-step RACH may reduce the overall latency, the latency related to the acquisition of the PRACH configuration contributes the overall latency.
Even though, option 1 is targeted for low overall latency, provisioning of PRACH configuration information for a large number of TRP/beams increases signaling load of the common signals. Therefore, the provisioning of TRP/beam specific PRACH configuration should consider the tradeoff between the signaling load and overall latency of the cell access procedure.
Proposal 3: RAN2 is requested to discuss how to provide the TRP/beam specific PRACH configuration in the system.

TRPs involved in a cell could be participating in SFN transmission of common signals in some deployment scenarios e.g. in low frequency NR. However in high frequency NR, beam sweeping and beam management mechanisms may be required even for the delivery of common signals. The UE is required to gain DL synchronization to a network node prior to the access to the network. The beam selected for SI acquisition may not be the best beam for RA due to the following reasons:
· SI acquisition may be from SFN

· SI acquisition may have performed while ago and the UE stored SI is up to date.
· If wrong beams are used for RA, the required UE transmission power may be high and cause high interference to other UEs.   

Therefore, beam selection prior to the RA procedure is required by the UE. Rather than the transmission of preamble on all beams, either the transmission of the preamble towards a selected best beam or a set of beams could be considered.

Proposal 4: Beam selection is required by the UE prior to the initiation of RA procedure. 

Multi-connectivity could be used to mitigate the unreliability of high frequency channel and improve robustness. It is understood that support of multi-connectivity in NR is beneficial for connected mode UE operation; however, it is not so clear of the benefit of multi-connectivity support for initial access UEs when considering the complexity. Similar to other multi-connectivity mechanisms such as  DC and CA, we think, multi-connectivity could be configured via RRC signaling only after the connection is established , i.e multi-connectivity is supported only for RRC connected UEs. 
If multi-connectivity is not supported for RA procedure by initial access UEs, the next question is whether multi-connectivity should be allowed for RA procedure by RRC connected UEs where multi-connectivity is already configured. For the simplicity and to enable common RA procedure by RRC connected and RRC idle UEs, it is proposed that multi-connectivity is not supported for RA procedure.

Proposal 5: Multi-connectivity is not supported for RA procedure.  
Similar to the multi-connectivity support, MIMO configuration could only be considered for RRC connected UEs. Moreover, MIMO support is not considered for RA procedure. 
Proposal 6: MIMO is not supported for RA procedure.  

3. Conclusion

This contribution addresses random access procedure design principles taking into account different deployment scenarios and requirements in NR. The following proposals are made:

Proposal 1: Both cell specific and TRP/beam specific PRACH configuration should be supported in NR in order to allow for different NR deployment scenarios.

Proposal 2: RA procedure should be designed such that the messages and steps used in RA procedure are independent of whether cell specific or TRP/beam specific PRACH configuration is used. 

Proposal 3: RAN2 is requested to discuss how to provide the TRP/beam specific PRACH configuration in the system.

Proposal 4: Beam selection is required by the UE prior to the initiation of RA procedure. 

Proposal 5: Multi-connectivity is not supported for RA procedure.  

Proposal 6: MIMO is not supported for RA procedure.  
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