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Introduction
[bookmark: _GoBack]The study item on NR [1] aims to identify and evaluate technical solutions for next generation wireless systems operating on a wide range of bands at least up to 100 GHz. The following agreement was achieved in RAN1#86 [2]:
Agreements:
· 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

The following agreement was achieved in RAN1#86bis [3]:
Agreements:
· When Tx/Rx reciprocity is available at gNB at least for multiple beams operation, the following RACH procedure is considered for at least UE in idle mode
· Association between one or  multiple  occasions for DL broadcast channel/signal and  a subset of RACH resources is informed to UE by broadcast system information or known to UE
· FFS: Signaling of  “non-association”
· Detailed design for RACH preamble should be further studied
· Based on the DL measurement and the corresponding association, UE selects the subset of RACH resources
· FFS: Tx beam selection for RACH preamble transmission
· At gNB, the DL Tx beam for the UE can be obtained based on the detected RACH preamble and would be also applied to Message 2
· UL grant in message 2 may indicate the transmission timing of message 3
· For the cases with and without Tx/Rx reciprocity, the common random access procedure should be strived
· When Tx/Rx reciprocity is not available, the the following could be further considered for at least UE in idle mode
· Whether or how to report DL Tx beam to gNB, e.g.,
· RACH preamble/resource
· Msg. 3
· Whether or how to indicate UL Tx beam to the UE, e.g., 
· RAR
Working assumption:
· The followings are defined as Tx/Rx beam correspondence at TRP and UE :
· Tx/Rx beam correspondence at TRP holds if at least one of the following is satisfied:
· TRP is able to determine a TRP Rx beam for the uplink reception based on UE’s downlink measurement on TRP’s one or more Tx beams.
· TRP is able to determine a TRP Tx beam for the downlink transmission based on TRP’s uplink measurement on TRP’s one or more Rx beams
· Tx/Rx beam correspondence at UE holds if at least one of the following is satisfied: 
· UE is able to determine a UE Tx beam for the uplink transmission based on UE’s downlink measurement on UE’s one or more Rx beams.
· UE is able to determine a UE Rx beam for the downlink reception based on TRP’s indication based on uplink measurement on UE’s one or more Tx beams.

In this contribution, we present our views on the random access procedure for multi-beam based NR system with or without beam correspondence.
RACH procedure for multi-beam based system
In a general 4-step random access procedure, the first message is that the UE transmit one preamble on in some RACH resource. In a multi-beam based NR system, the TRP can use multiple Rx beams to cover the uplink transmission for uplink transmission in random access procedure. If beam correspondence between Tx beams and Rx beams holds at the TRP, the TRP can build a mapping between the DL initial signals and the RACH resources through the mapping between the Tx beam applied to DL signal and the UL Rx beams used for the reception of UL RACH resources. The UE is able to select the RACH resource corresponding to the proper Rx beam for UL RACH msg1 transmission. On the other hand, if beam correspondence between Tx beams and Rx beams does not hold at the TRP, the UE is not capable to select the proper Rx beam and corresponding RACH resource(s) based on the measurement of the DL initial access signals. Different design and transmission mechanism would be necessary for the UE in this case. It is necessary that the TRP signals the status of beam correspondence to the UE to trigger different transmission mechanism.
Proposal 1: The NR supports signalling of the status of beam correspondence to UE implicit or explicit way.

RACH procedure with beam correspondence.
For the case of TRP with beam correspondence, the TRP can configure an association between some downlink signal transmission and the uplink RACH resource based on the correspondence between Tx beams and Rx beams. Assume N RACH resources are configured in one RACH occasion for the UE to transmit RACH preamble. The association between downlink signal transmission and N RACH resources can be configured through the following alternatives:
1) The association between OFDM symbols for transmitting PSS/SSS/PBCH and the RACH resources. Every OFDM symbol for PSS/SSS/PBCH can be associated with one or more than RACH resources. Or multiple OFDM symbols for PSS/SSS/PBCH can be associated with the same RACH resources. The UE can select the RACH resource that is associated with the OFDM symbol where the UE measures the strongest signal strength of PSS/SSS/PBCH.  
2) The association between the BRS resources and the RACH resources. One option is the association between the OFDM symbols where the BRS is transmitted and the RACH resources. The UE selects the RACH resource corresponding to the OFDM symbol(s) where the UE measures the strongest BRS RSRP. Another option is the association between beam IDs conveyed the BRS and the RACH resources. Each RACH resource is associated with one or more than one Tx beam IDs. The UE first measures the beam-specific RSRP on BRS and then selects the RACH resource corresponding to the Tx beam ID with largest beam-specific RSRP.
Proposal 2: NR considers the following association between downlink signal and RACH resources:
· The association between OFDM symbols of PSS/SSS/PBCH and RACH resources;
· The association between OFDM symbols of BRS and RACH resources;
· The association between beam IDs in BRS and RACH resources.
Compared with PSS/SSS/PBCH, the BRS is more preferred to be used in the association with RACH resources. The BRS can provide more accurate RSRP measurement than PSS/SSS/PBCH. The BRS is able to convey narrow beams and thus allow the TRP to build a more precise correspondence between Tx beam and Rx beams.  
Observation 1: It is more preferred to use the BRS in the association with RACH resources than other initial access signals, e.g., PSS/SSS/PBCH.
RACH procedure without beam correspondence
For the TRP without beam correspondence, the UE might not be able to choose the proper TRP Rx beam based on the measurement of downlink signal transmission. We need special design of RACH message transmission for this case.
RACH msg1, the RACH preamble: It is necessary for UE to select the RACH resource corresponding to the proper Rx beam and also sufficient Tx power to ensure a successful RACH preamble transmission. One solution is that one UE repeats the RACH preamble in all RACH resources in one RACH occasion so as to cover all the Rx beams. Another solution is that UE selects one RACH resource for first preamble transmission and if the transmission fails, the UE switch to another RACH resource and re-transmits the preamble. There exist trade-off between these two methods. One general method is that the UE choose a subset of R RACH resources of all N RACH resource in one RACH occasion for each preamble transmission and switch to another subset of RACH resource for the re-transmission. The value of N could be 1, could be M (i.e., all the RACH resources) or a value between 1 and M. The TRP can choose proper value for N for best performance tradeoff.
Proposal 3: The NR supports RACH resource configuration to support UE selecting one, some or all the RACH resources for preamble transmission and the number of selected RACH resources is configurable. 

RACH msg2, the RAR transmission: Because there is no TRP beam correspondence, the TRP might not be able to select the proper Tx beam for the RAR transmission based on the RACH resource where one preamble sequence is detected. One solution is to transmit RAR through Tx beam sweeping. Another solution is that the UE reports one Tx beam ID by the RACH preamble sequence. For example, the preamble sequence ID could be used to carry the information of one Tx beam ID. The TRP transmit the RAR with the Tx beam carried in the corresponding detected preamble sequence. Another solution is to use the RACH resource index to convey the TRP Tx beam ID. For example, multiple RACH resources in time domain in RACH occasion are associated with Rx beams of TRP and different RACH resources FDM’ed in frequency to indicate the Tx beam ID. The UE can indicate one Tx beam ID to the TRP by selection of RACH resource in frequency domain. Compared with Tx beam sweeping the RAR, the solutions of indicating one Tx beam ID are more efficient with respect to the time-frequency resource used for RAR transmission and thus it is more preferred.
Regarding the RACH msg3: After receiving the RAR, the UE could send the RACH msg3 (first uplink transmission) as scheduled by the RAR. In addition, a TX beam for msg 3 transmission can be indicated in RAR, which can be measured by TRP from preamble detection. The TRP could receive the RACH msg3 with the Rx beam corresponding to the RACH resource where the TRP detected the preamble sequence corresponding to this RACH msg3 and the RAR. The msg3 could also carry a Tx beam ID for the TRP to use for the following downlink transmission.
The Tx beam ID reported in preamble sequence or msg3 can be the beam ID conveyed in the BRS. One method could be that a Tx beam ID calculated from the OFDM symbol index of PSS/SSS/PBCH or BRS is reported in preamble sequence for wide beam alignment and a Tx beam ID calculated from the beam resource ID conveyed in BRS in msg3 for the initial fine beam alignment.
Regarding the RACH msg4: The TRP sends the RACH msg4 (the contention resolution message) in a PDSCH by using the Tx beam ID indicated by the UE is some previous message.

Proposal 4: NR should support one or more than one of the followings:
· The UE reports one Tx beam ID through the preamble sequence ID. 
· The UE reports Tx beam ID (or beam resource ID) in RACH msg3
Proposal 5: NR should consider the following transmission mechanism for RAR:
· RAR is transmitted through Tx beam sweeping.
· RAR is transmitted with one Tx beam. 
Proposal 6: NR should support indicating UE Tx beam for msg 3 in RAR
Conclusions
This contribution discusses the RACH procedure for NR system with and without beam correspondence. In particular, the following are proposed:
Observation 1: It is more preferred to use the BRS in the association with RACH resources than other initial access signals, e.g., PSS/SSS/PBCH.
Proposal 1: The NR supports signalling of non-association of DL broadcast signal and RACH resources through implicit or explicit way.
Proposal 2: NR considers the following association between downlink signal and RACH resources:
· The association between OFDM symbols of PSS/SSS/PBCH and RACH resources;
· The association between OFDM symbols of BRS and RACH resources;
· The association between beam IDs in BRS and RACH resources.
Proposal 3: The NR supports RACH resource configuration to support UE selecting one, some or all the RACH resources for preamble transmission and the number of selected RACH resources is configurable. 
Proposal 4: NR should support one or more than one of the followings:
· The UE reports one Tx beam ID through the preamble sequence ID. 
· The UE reports Tx beam ID (or beam resource ID) in RACH msg3
Proposal 5: NR should consider the following transmission mechanism for RAR:
· RAR is transmitted through Tx beam sweeping.
· RAR is transmitted with one Tx beam. 
Proposal 6: NR should support indicating UE Tx beam for msg 3 in RAR
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