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1. Introduction
In last RAN2 meeting, it was agreed that contention-based and contention-free RA procedures follow the steps of LTE.  Even though the procedure steps of RA were discussed, the message termination points were not discussed for NR RA procedure design. NR cell may potentially consist of large number of TRPs. TRPs within a NR cell may or may not be synchronous to each other. 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. In this paper, RA procedure in NR is discussed considering different deployment scenarios and message termination points.

2. Discussion
R2-1700202 discusses the need for cell specific and TRP/beam specific PRACH configuration and proposes that RA procedure should be designed such that the messages and steps used are independent of whether cell specific or TRP/beam specific PRACH configuration is used. PRACH configuration is essential information that required by the UE to access to the network. PRACH configuration should be provided to assist initial access by idle UEs. There are multiple methods on provisioning of PRACH configuration parameters to the UE.
· Method 1: PRACH configuration is provided in minimum system information of the cell using beam sweeping or SFN transmission. RACH configuration is cell specific. 
· Method 2: PRACH configuration is TRP/beam specific. The UE is provided with TRP/beam specific PRACH configuration either in minimum system information or the UE acquires the RACH configuration from the TRP/beam at the time of cell access after synchronized to a TRP/beam. 

Depending on the method used for provisioning of PRACH configuration and the requirements on the UE to synchronise to the cell or TRP/beam prior to the random access, variants of 4 steps PRACH procedure could be envisaged for NR.
· Option 1: PRACH configuration is provided in minimum system information of the cell and PRACH configuration is cell specific. 
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Figure 1: NR random access procedure option 1

Cell specific PRACH configuration is provided through beam sweeping to the UE. The UE has synchronised to a particular TRP/beam to receive the minimum system information including PRACH configuration. The UE transmits a selected preamble towards a TRP/beam. The use of beam sweeping for preamble transmission is FFS. Whether the same TRP/beam is involved in the DL and UL transmission is FFS. NR gNB receives the preamble via a TRP/beam and generates the RAR to be transmitted to the UE. The RAR is generated to be transmitted from individual TRP/beam. The RAR is not broadcast in the entire cell. Therefore the RAR can be generated specific to a TRP/ beam. The UE is synchronous to the same TRP/beam for reception of minimum system information, RAR and subsequent communication between the network and the UE until it is reconfigured by the network.  RAR could include preamble ID, T-CRNTI, UL grant for msg3 and TA similar to what is used in legacy LTE system. Even though msg2 and msg4 may have been generated by the NR gNB, the messages are transmitted to the UE by a TRP/beam. Hence the resource assignment for msg2 and msg4 transmission is performed by the TRP/beam. Msg1 and msg3 are generated by the UE and terminated at the NR gNB while msg2 and msg4 are generated by the NR gNB and terminated at the UE.
· Option 2: PRACH configuration is TRP/beam specific. 
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Figure 2: NR random access procedure option 2
The minimum system information provided in the cell may or may not include the TRP/beam specific PRACH configuration. If TRP/beam specific PRACH configuration is provided in the minimum system information, the UE selects a preamble based on the PRACH configuration corresponding to the accessing TRP/beam. If the TRP/beam specific PRACH is not provided in minimum system information, the TRP/beam specific PRACH configuration information is acquired by the UE at the time of cell access directly from the TRP/beam.  Thus, the UE has synchronised to the TRP/beam prior to the random access. The random access procedure takes place between the UE and the corresponding TRP/beam.

Msg1 and Msg2 transmission take place between the UE and the TRP/beam. Msg1 is terminated at the TRP/beam while Msg2 is generated by the TRP/beam which received the preamble. RAR includes T-CRNTI, TA, preamble ID as similar information as in legacy LTE RA procedure.  The T-CRNTI is allocated by the TRP/beam. MSG3 and Msg4 take place between the UE and the NR gNB.  C-RNTI allocation is in controlled of NR gNB. 

Even though the message termination points are different in Option 1 and Option 2, the same parameters are included in messages used in option 1 and option 2. Therefore, from the UE perspective, a common RA procedure could be designed regardless of whether cell specific or TRP/beam specific PRACH configuration is used and independent of the deployment scenarios (how PRACH configuration is provided to the UE).

Proposal 1:  From UE perspective, a common RA procedure could be designed regardless of whether cell specific or TRP/beam specific PRACH configuration is used and independent of the deployment scenarios (how PRACH configuration is provided to the UE).

With respect to msg1 and msg2 generation/termination point, option 1 and option 2 shows some differences. However, if the reception of RAR is to be considered as a L1 procedure (what is used in legacy LTE), interaction model between L1 and L2/L3 for random access procedure used in LTE could also be used in NR independent of which RA procedure option is followed. This is feasible even if different CU-DU split options are considered. Figure 3 shows the L1 and L2/L3 interaction model used in LTE RA procedure. Upon the transmission of preamble, L2/L3 at the UE receives indication from L1 whether a RAR is received. The L2/L3 provides the first scheduled transmission (RRC connection request in case of initial access) to L1.
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Figure 3: Interaction model between L1 and L2/3 for Random Access Procedure

Proposal 2:  Interaction model between L1 and L2/L3 for random access procedure used in LTE could also be used in NR for 4-step RA procedure.

3. Conclusion

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

Proposal 1:  From the UE perspective, a common RA procedure could be designed regardless of whether cell specific or TRP/beam specific PRACH configuration is used and independent of the deployment scenarios (how PRACH configuration is provided to the UE).
Proposal 2:  Interaction model between L1 and L2/L3 for random access procedure used in LTE could also be used in NR for 4-step RA procedure.
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