
3GPP TSG RAN WG2 Meeting #95bis
R2-166122
Kaohsiung, October 10 –14, 2016                                       
Source:
CATT
Title:
Random access procedure for NR
Agenda Item:
9.2.1.3
Document for:
Discussion and Decision
1. Introduction
In last RAN2 meeting, a high level definition of NR eNB was agreed. One NR eNB corresponds to one or many TRPs.  In this paper, we discuss random access procedure for NR taken into account the presence of multiple TRPs in a NR eNB.

2. Discussion
2.1. Legacy RA procedure
Random access procedure used in legacy LTE system is shown in Figure 1. 
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Figure 1: RA procedure in LTE
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. Random access in NR should also be designed with forward compatibility in mind and legacy LTE RA procedure can be taken as a starting point for the discussion of RA procedure in NR.
RAN1 is discussing the possibility of two step RACH procedure as well as 4-step RACH procedure for NR. Below discussion of RA procedure is based on 4-step RACH procedure. When RAN1 design on 2-step RA procedure is matured, RAN2 issues on 2-step RA procedure could be discussed. 
2.2. RACH issues due to NR deployment
NR cell may potentially consist of large number of TRPs. TRPs within a NR cell may or may not be synchronous to each other. RAN1 is discussing on the physical layer channel design for NR. Multiple numerology support and use of multiple bandwidths on the random access design were discussed in [1]. 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. RAN1 is discussing on the DL synchronization signal design. DL synchronization signal be specific to a TRP/beam or specific to cell is to be decide in RAN1. Provisioning of system information in NR would depend on the DL synchronization signal design. PRACH configuration is essential information that required by the UE to access to the network. PRACH configuration should be provided in system information. Whether the PRACH configuration is specific to a TRP/beam/numerology or common to all TRPs within a NR cell should be decided based on design of DL synchronization signal and system information provisioning.
Observation 1: Whether the PRACH configuration is cell specific or TRP/beam/numerology specific is yet to be decided based on RAN1 channel design and system information provisioning in NR.

[image: image2.emf]NR eNB

CN

TRP1

UE

TRP4

TRP2

TRP3

TRP5


Figure 2: an example of NR deployment
An example of typical NR deployment is shown in Figure 2. It is assumed that PRACH and RAR configuration is cell specific. Random access is initiated with the transmission of RACH preamble by the UE. The preamble is received and decoded by TRP.  If more than one UE use the same preamble for random access in different TRPs, the UEs can be differentiated at the network based on the receiving node. Therefore, the transmission of the same preamble by different UEs in different TRPs should not be considered as a collision.

Observation 2: The transmission of the same preamble in different TRP/beams should not be considered as UE collision considering that the UE can be differentiated at the network based on the receiving node.
There are three options for random access procedure for NR taken into account the presence of multiple TRPs in a NR cell.

Option 1: RAR is generated by NR-eNB. RA procedure is similar to the legacy LTE procedure.
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Figure 3: NR random access procedure option 1

The procedure works the same as RA procedure in legacy LTE. Cell specific PRACH configuration is provided in system information. The UE transmitted preamble is received by the gNB and gNB generates the RAR to be sent in the entire cell. This fits well with low frequency NR where TRPs are synchronised and common signals are transmitted using SFNed. However the drawback of this approach is that the same preamble transmission by two UEs in different TRPs will be considered as preamble collision (even though the UEs may be differentiated at the network based on Observation 2) hence resulting in underutilized radio resources. A very large number of UE support is required in NR. Therefore, the efficient use of radio resources is very important. 
Option 2: RAR is generated by NR-eNB. Use preamble + TRP/beam ID as a UE identification
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Figure 4: NR random access procedure option 2
Figure 4 shows the message flows according to option 2. 

· Msg1: after obtaining the PRACH configuration, the UE transmits Msg1. The preamble received by the TRP/beam is relayed to the NR gNB. The NR gNB is aware of the TRP/beam ID which the Msg1 is relayed from.

· Msg2: NR gNB generates Msg2. Msg2 includes preamble ID + TRP/beam ID to address the UE. The UE should be aware of TRP/beam ID of the receiving TRP/beam.

· Msg3: Msg3 is transmitted on scheduled resources in Msg2 by the corresponding UE similar to the legacy Msg3 transmission.
· Msg4: contention resolution is similar to the legacy message.

Above procedure assumes that a common PRACH configuration is used within a NR gNB. The UE should be aware of the TRP/ beams which could receive the transmitted preamble in order to identify the UE within RAR. As the RAR is generated by NR gNB, and transmitted in the whole NR cell, RA response for a UE in TRP1 is also transmitted in TRPn. This could increase the size of the RAR and results in inefficient radio resource utilisations. NR gNB should support very large number of UEs, thus efficient radio resource utilisation is particular important.

Option 3: RAR is generated by TRP/beam
In this option, Msg1 is received by the TRP/beam and Msg2 is generated by the TRP/beam. Signalling flow according to option 3 is shown in Figure 5.
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Figure 5: NR random access procedure option 3
· Msg1: preamble transmission from the UE to TRP. 

· Msg2: Msg2 is generated by the TRP. RAR message is similar to that of legacy LTE and contains temporary RNTI, UL grant for Msg3, TA and preamble ID which is used to identify the UE.

· Msg3: Msg3 is transmitted on scheduled resources using HARQ with temporary RNTI. Msg3 is relayed to the NR gNB where UE context is kept for the connection.
· Msg4: contention resolution could be generated by the NR gNB based on UE identity or by TRP.  
Option 3 is different from legacy RA procedure. However it has some advantages compared to option 1 and 2.

· Time between the PRACH and RAR can be reduced as the RAR is generated by the TRP, hence reducing overall latency of initial access.

· PRACH could be configured per TRP if necessary to cater for different characteristics of TRPs within a NR gNB. 

· RAR is transmitted in the TRP where the UE initiating RA procedure is located hence improve radio efficiency.

· It is possible to improve contention resolution by generation of contention resolution message by the TRP, targeting for a fast RACH procedure.

Proposal 1:  RAN2 is requested to study above options: generation of RAR by NR-gNB (Option 1 &2) and generation of RAR by TRP (Option 3) for random access procedure for NR.

3. Conclusion

This contribution addresses potential solutions for random access procedure in NR considering typical NR deployment scenario. The following observations and proposal are made:

Observation 1: whether the PRACH configuration is cell specific or TRP/beam/numerology specific is yet to be decided based on RAN1 channel design and system information provisioning in NR.

Observation 2: The transmission of the same preamble in different TRP/beams should not be considered as UE collision considering that the UE can be differentiated at the network based on the receiving node.

Proposal 1:  RAN2 is requested to study above options: generation of RAR by NR-gNB (Option 1 &2) and generation of RAR by TRP (Option 3) for random access procedure for NR.
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