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1. Introduction
In RAN1 #86bis and #87 meetings, the following agreements have been made regarding the RACH procedure of transmitting Msg 1, 2 and 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

Agreements:
· Regardless of whether Tx/Rx reciprocity is available or not 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 preambsle transmission

Agreements:
· UE Tx beam(s) for preamble transmission(s) is selected by the UE.

· During a RACH transmission occasion of single or multiple/repeated preamble(s) as informed by broadcast system information, UE uses the same UE Tx beam.

Agreements:
· Regardless of whether Tx/Rx reciprocity is available or not at gNB at least for multiple beams operation,

· At gNB, the DL Tx beam for message 2 can be obtained based on the detected RACH preamble/resource and the corresponding association
· UL grant in message 2 may indicate the transmission timing of message 3

· NR will support different PRACH configurations, e.g., considering different numerologies case and whether Tx/Rx reciprocity is available or not at gNB
Agreements: 
· In RACH procedure, the followings are considered at least for UE in idle mode:

· UL Tx beam for Msg. 3 transmission is determined by UE, 

· UE may use the same UL Tx beam used for Msg. 1 transmission.

· FFS: if determination can be assisted by additional signaling from gNB if necessary and how to determine UL Tx beam for Msg. 3
· Others are not precluded

In this contribution, we go through the whole procedure when beam correspondence is available and not available.
2. 4-Step RACH procedure 
In this part, we summarize the agreements regarding the RACH procedure for UEs in idle mode. 

According to the current agreements, before the UE sends preamble to the TRP, it first determines the RACH resources on which to transmit the preamble, based on the DL measurement and corresponding association. Then the following procedures for transmitting Msg 1, 2 and 3 are agreed.
1. UE Tx beam(s) for Msg 1 preamble transmission(s) is selected by UE
· During a RACH transmission occasion of single or multiple/repeated preamble(s) as informed by broadcast system information, UE uses the same UE Tx beam.
2. At gNB, the DL Tx beam for the UE can be obtained based on the detected RACH preamble/resource and the corresponding association and would be also applied to Message 2
· UL grant in message 2 may indicate the transmission timing of message 3
3. UL Tx beam for Msg. 3 transmission is determined by UE
· UE may use the same UL Tx beam used for Msg. 1 transmission.
When beam correspondence at TRP and UE are both available, the above procedure can work well, since the Tx beam can be inferred from the reception beam.
However, when beam correspondence is not available at UE, the determination of Tx beams for Msg 3 may be different from the current agreement. 
1.1. RACH procedure without beam correspondence at UE 
Without beam correspondence at UE, the transmission beam at UE cannot be inferred from the reception beam.
For Msg 1 transmission, the UE Tx beam(s) can still be selected by UE. When beam correspondence is not available at UE, multiple RACH transmission occasions will be needed for UE beam switching. In each RACH occasion, the same UE Tx beam can still be used. 
For Msg 2 transmission, the DL Tx beam can be obtained from the detected RACH preamble/resource and corresponding association. From the preamble/associated resource, gNB obtains the DL Tx beam indicated by UE through Msg 1 and thus can still be used for Msg 2 transmission. 
For Msg 3 transmission, it is not necessary for the UE to use all the Tx beams used for beam switching for transmitting Msg 1. Instead, only a subset or one particular beam can be indicated to UE through Msg 2 so that the UE can directly use the beam for UL transmission.
Proposal 1: When beam correspondence is not available at UE, the UE obtains its UL Tx beam information for Msg3 based on gNB beam reporting using RAR resource.

3. Channel association in GUS initial access
From the GUS initial access framework in our previous contribution, where synchronization, RACH, PBCH and on-demand SIB are transmitted through pre-defined gradually UE-specifically selected beams. It is important to maintain the same analog beam used for consecutive steps in procedure. Therefore we believe that association in the initial access procedures should be studied.
Proposal 2: Association among the steps, which include synchronization, RACH, PBCH and on-demand SIB transmission in GUS initial access procedure should be supported to ensure the function of broadcast beam.
The concept of SS block, SS burst and SS burst set were raised in last RAN1 meeting [1], with at least NR-PSS and NR-SSS in the SS block while NR-PBCH is FFS. With this structure, the beam sweeping transmission of synchronization signals can be easily performed. It is natural that the NR-PSS and NR-SSS transmitted within the same broadcast beam.

For NR-PBCH transmitting essential system information, it also needs beam sweeping. There are two alternatives for transmitting NR-PBCH.

Alt 1: NR-PBCH is transmitted in the SS block with NR-PSS and NR-SSS.

Alt 1: NR-PBCH is not transmitted in the SS block.
For Alt 1, it is easy and natural to ensure that NR-PBCH and NR-SS are transmitted using the same analog beam. However, regarding the size of efficient system information, transmitting NR-PBCH within the same SS block with NR-SS may lead to larger synchronization delay. For Alt 2, it is needed to predetermine or explicitly configure the resource/RS ports for NR-PBCH transmission based on the NR –SS resource. Alt 2 can provide more flexible configuration but with more complex indication of beam-ID and cell-ID.

Proposal 3: Regarding the association between NR-SS and NR-PBCH, detailed design of whether NR-PBCH is transmitted in the SS block with NR-SS should take into account of the size of essential system information, synchronization latency and complexity.

For the RACH procedure, since the 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. It is therefore proposed in our previous contribution [1] that beam-specific RACH resource allocation is supported in NR
From spec perspective, the association of broadcast beam resource and RACH resource needs to be specified, including resource size, resource mapping using beam ID or using other beam related timing.
Proposal 4: Beam-specific RACH resource allocation is supported in NR. From specification perspective, a one-to-one mapping between synchronization signal resources/beams and PRACH preamble resources needs to be defined. A UE shall select the PRACH preamble resource corresponding to the optimal DL transmission beam, while the optimal DL transmission beam can be measured based on synchronization signal.
For on-demand SIB transmission, to reduce beam sweeping overhead, in the GUS initial access procedure, it is proposed that on-demand SIB is transmitted in a (group) UE specific manner. It is therefore required that the beam(s) that send on-demand SIB is a  sub-set of the broadcast beams used for essential system information delivery. Since in the RACH process, the selected optimal beam information is indicated to the gNB using the RACH resource, it is therefore proposed that 
Proposal 5: Regarding the association between RACH and on-demand SIB, the RS ports for on-demand SIB transmission is configured based on the UE-selected RACH resource. 
4. Conclusion
In this contribution, the following proposals are proposed:
Proposal 1: When beam correspondence is not available at UE, the UE obtains its UL Tx beam information based on gNB beam reporting using RAR resource.

Proposal 2: Association among the steps, which include synchronization, RACH, PBCH and on-demand SIB transmission in GUS initial access procedure should be supported to ensure the function of broadcast beam.
Proposal 3: Regarding the association between NR-SS and NR-PBCH, detailed design of whether NR-PBCH is transmitted in the SS block with NR-SS should take into account of the size of essential system information, synchronization latency and complexity.

Proposal 4: Beam-specific RACH resource allocation is supported in NR. From specification perspective, a one-to-one mapping between synchronization signal resources/beams and PRACH preamble resources needs to be defined. A UE shall select the PRACH preamble resource corresponding to the optimal DL transmission beam, while the optimal DL transmission beam can be measured based on synchronization signal.
Proposal 5: Regarding the association between RACH and on-demand SIB, the RS ports for on-demand SIB transmission is configured based on the UE-selected RACH resource. 
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