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Introduction
In RAN1#86, the implicit independency assumption for retrieving the NR system information was agreed in the following,
· RACH procedure including RACH preamble (Msg. 1), random access response (Msg. 2), message 3, and message 4 is at least assumed for NR from RAN1 perspective
· Simplified RACH procedure, e.g., Msg. 1 (UL) and Msg. 2 (DL), should be further studied
· Details on Msg. 1 and Msg. 2 are FFS
· Study should include comparison with the above procedure (first bullet)
· The design of the random access procedure should take into account the possible use of single-beam and multiple beam operations, including
· Non Rx/Tx reciprocity at BS or UE
· Full or partial Rx/Tx reciprocity at BS or UE
· In case that multiple beam-forming is applied to DL broadcast channels/signals for initial access, 
· RACH resource is obtained by UE from detected DL broadcast channels/signals
· FFS: Details on association
· Other mechanism w/o association is also considered
· Multiple occasions for RACH preamble transmission in a given time interval are considered
· Details are FFS
· Other mechanism is not precluded
· Study further RACH reception/RAR transmission in TRPs/beams other than the one transmitting synchronization signals

It was agreed in RAN1#85 that the NR essential system information would be autonomously decoded after the initial search of NR system.  The RACH resource could be retrieved from the essential system information.   UE would initiate the network access with different NR system configuration.   This paper discusses RACH procedure in NR system design to support autonomous initial access and network assisted mobility management .  
RACH Procedures in NR System Design  

The initial access procedure starts with the UE acquiring the NR system DL transmission timing by detection of the DL synchronization signals(s).  UE might detect more than one DL synchronization signals.  UE will select the strongest detected synchronization signals and use as the reference timing and performs the RRM measurements.   The RRM measurements would be based on the associated system reference signals, e.g., CRS in LTE.   It was agreed in RAN1#85 that essential system information (MIB) should be decodable based on an identity parameter used for generation of search/synchronization signal.  The synchronization signal detected by the UE would be the dependent variable to derive the identification of DL transmission point and to retrieve the essential system information.  The associated system reference signals are also derived from the detected signals.    RACH resource would be included in the essential system information for UE to start the access procedure to the NR network.   




Random Access Procedure and Potential Simplification in NR system design
The random access procedure used in LTE system is shown in Figure 1. 


Figure 1: RA procedure in LTE
The 4-step random access procedure in LTE is a simplification version of 3G UMTS/HSPA 2-step random access procedure.  The random access procedure in 3G UMTS/HSPA has the RACH messages attached rafter RACH preamble.  The UMTS/HSPA system use CDMA technology as the multiple access scheme.  The CDMA multiple access scheme operates asynchronously to effectively mitigate the intra-cell interference.   The NB could detect the RACH preamble and decode the RACH message for service request in the same time.   The piggybacked RACH preamble and message design would minimize the delay of the initial access but increase the complexity of the RACH processing at the NB.  One drawback of the piggybacked RACH preamble and message design is the overhead when collision or miss-detection happens.   The amount of radio resource for additional attempts would pile up.   
LTE UL multiple access scheme SC-FDMA is an orthogonal multiple access.   The orthogonal OFDM-type multiple access in LTE UL relies on the timing advanced (TA) of the UL transmission signals from all UEs to ensure the same time arrival at the eNB receiver with the error tolerance of CP length.    If the UL signals from all UEs do not arrive within the CP length, it will create inter-channel interference.  If the RACH message is piggybacked with RACH preamble, the probability of RACH message decoding error would be high since RACH message might not arrive within the CP length at the eNB receiver.   Thus, it is more efficient to have RACH message sent after the RACH preamble is detected by the eNB and response with TA command from the eNB in LTE.   
NR is agreed to have OFD for multiple access waveform.  The OFDM waveform is an orthogonal multiple access scheme similar to that in LTE.  The simplified RACH procedure by piggybacking the RACH messages with the RACH preamble would increase the error probability of RACH message decoding due to the non-orthogonal RACH messages with other UL signals.   Thus, it is more effective to have RACH message 3 transmitted with TA command from Message 2 after RACH preamble is detected by the gNB.  
Proposal 1: NR RACH procedure should have UL RACH preamble transmission first and receive TA command from gNB.  RACH message 3 would be transmitted with TA for better decoding performance.  
Proposal 2: Simplified RACH procedure should be considered only when the UL RACH message decoding performance is proven to be as good as or better than that of 4-step RACH procedure

RACH Procedure in Beamforming Deployment Scenarios
The NR system would be deployed in different scenarios with diverse types of services in high and low frequency band as shown in Figure 2.   NR cell may potentially consist of large number of TRPs.   When NR is deployed in high frequency band, the NR network could be configured with a single beam sweeping or multiple beams.  For single beam configuration with beam sweeping, DL common channel for initial access, such as synchronization channel and broadcast channel, would be swept through the specific cell portion periodically.     For multiple beam configuration, the synchronization signals and the system reference signals for initial acquisition and channel tracking/estimation/measurements need be configured per-beam in order for UE to detect each beam autonomously.  The broadcast channel and its DM RS should be configured specifically for each beam.   However, the essential system information for initial access and random access could be beam-specific or common for all beams.   In particular, the PRACH resource information would be better to be common for all beams in order for the TRP to detect the RACH preamble of UE from all beams.  
Proposal 3:   For multiple beam configuration, the synchronization signals and the system reference signals for initial acquisition and channel tracking/estimation/measurements need be configured per-beam in order for UE to detect each beam autonomously 
Proposal 4: The broadcast channel and its DM RS should be configured specifically for each beam in the multi-beam configuration.
Proposal 5: The PRACH resource information is preferred to be common for all beams in order for the TRP to detect the RACH preamble of UE from all beams in multi-beam configuration.  


Figure 2: an example of NR deployment
RACH Procedure in Dense TRP Deployment Scenarios

An example of typical NR deployment is shown in Figure 2. PRACH and RAR configuration could be TRP-specific or cell-specific. Random access is initiated with the transmission of RACH preamble by the UE. The preamble is received and decoded by a TRP.  There are three alternatives of random access procedure for NR taken into account the presence of multiple TRPs in a NR cell.
Alternative 1: RAR is generated by NR-gNB, which performs the centralized processing of all TRPs within the cell. RA procedure is similar to the legacy LTE procedure.



Figure 3: NR random access procedure of Alternative 1

The procedure works similar to RA procedure in LTE. The PRACH resource is configured common for all TRPs in the cell.  The UE transmitted preamble is received by the gNB.  The gNB generates the RAR to be sent to all TRP for SFN transmission.  This configuration requires all TRPs are synchronised and operating the common signals in SFN manner.  The advantage of this alternative is that the RACH preamble are detected distributed by all TRP within the cell with higher detection probability.   The drawback of this alternative is that higher collision probability of RACH preamble transmission.   
Alternative 2:  PRACH preamble is configured per TRP/beam.  RAR is transmitted from the TRP within the gNB.




Figure 4: NR random access procedure Alternative 2
The procedure works exactly the same as RA procedure in LTE. The PRACH resource is configure per TRP in the cell.  The UE transmitted preamble is received by TRP independently.  The TRP with control by gNB generates the RAR and sends to the UE.  

Alternative 3: PRACH is configured per TRP.   RAR is from TRP other than the detected TRP.



Figure 5: NR random access procedure Alternative 3

In this option, Msg1 is received by one TRP.  The Msg2 is sent by another TRP.  Since UE retrieves the PRACH resource from TRP1 based on channel tracking and estimation of radio channel from TRP1, UE needs to have additional channel training of TRP2 in order to decode RAR correctly.   UE could not assume QCL between the DM RS of the broadcast channel from TRP1 and the DM RS of the RAR message from TRP2.  In order to provide channel training of TRP2, additional RS needs to prepended before RAR message.  The overhead of additional RS is quite significant and should be avoided.  


Proposal 6:  RAR transmission in TRPs/beams other than the one transmitting synchronization signals is not supported in NR.  
Conclusion
This paper discusses the NR RACH procedure in different system configuration and deployment scenarios. We propose the following,  
· Proposal 1: NR RACH procedure should have UL RACH preamble transmission first and receive TA command from gNB.  RACH message 3 would be transmitted with TA for better decoding performance.  
· Proposal 2: Simplified RACH procedure should be considered only when the UL RACH message decoding performance is proven to be as good as or better than that of 4-step RACH procedure 

· Proposal 3:   For multiple beam configuration, the synchronization signals and the system reference signals for initial acquisition and channel tracking/estimation/measurements need be configured per-beam in order for UE to detect each beam autonomously 
· Proposal 4: The broadcast channel and its DM RS should be configured specifically for each beam in the multi-beam configuration.
· Proposal 5: The PRACH resource information is preferred to be common for all beams in order for the TRP to detect the RACH preamble of UE from all beams in multi-beam configuration.  
· Proposal 6:  RAR transmission in TRPs/beams other than the one transmitting synchronization signals is not supported in NR.  
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