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1. Introduction
To reduce large overhead introduced by beam sweeping initial access, a gradual UE specific (GUS) procedure is proposed in our companion contribution [1], where the coverage of the consecutive steps in initial access gradually evolves from TRP-wide to UE-specific. In this contribution, the RACH procedures with both reciprocity and non-reciprocity in the GUS initial access are proposed and some FFS points in the agreements related to RACH procedure in last meeting are discussed. 
2. RACH procedure with channel reciprocity
For RACH procedure with channel reciprocity, the following agreements were made: 
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
With channel reciprocity, the transmission beam at gNB or UE can be obtained from the reception beam and vice versa. In Figure 2, the four step RACH procedure is illustrated and the corresponding functions of each step are discussed in the following.
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Figure 2 Four-step RACH in GUS initial access with channel reciprocity
Synchronization and system information delivery step: UE transmit and reception beam determination
In the process of receiving synchronization signals and essential system information, DL transmission beam sweeping is performed at gNB side while reception beam sweeping is performed at UE side. By sweeping the DL transmit and reception beams, UE performs beam measurement on each transmission beam and reception beam combination, after which, UE determines its own optimal beam for reception (e.g., BRxUE1 in Fig.2) and the corresponding optimal transmission beam for gNB (e.g., Bss3 in Fig.2). Due to reciprocity, the optimal DL reception beam BRxUE1 at UE will also be the optimal UL transmit beam. Thus, the UE side beam determination is completed, meaning that the UE selects a receive vector from the predetermined weighting vector set for future transmission and reception.  Note that when UE beamforming is not enabled, no beam sweeping is needed to determine DL reception beam and UL transmission beam.
Proposal 1: When Tx/Rx reciprocity is available at gNB, UE determines its own Tx beam for RACH preamble transmission based on DL beam measurement and beam correspondence.
Step 1 in RACH: gNB transmission and reception beam determination with UE beam reporting
In the first step of RACH, the UE sends RACH preamble for access. Meanwhile, this process will also function at beam reporting to help gNB determine its own reception and transmission beam Bss3. The gNB receives RACH preamble by sweeping on RPACH resources, and it can determine its own optimal beam for receiving after measurement on all the resources. Due to reciprocity, this is also the optimal beam for DL transmission. Thus, the gNB side beam determination is completed.
Step 2-4 in RACH: Single beam transmission
After the first RACH procedure, both gNB and UE completes determining their own optimal transmission/reception beam, which will be used for transmission and receiveing in the following procedures.
Considering that different analog beamformer is naturally allocated in different OFDM symbols (or limited FDM between panels), it is natural to use PRACH resources to report optimal gNB transmission beam. On that sense, implicitly indicate the optimal beam ID by allocating PRACH resource corresponding to DL transmission beams.
It was agreed that 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
More specifically, we propose a beam-specific PRACH resource allocation scheme for for the UE to report the optimal DL transmission beam in step 1. An illustration can be found in Figure 3. The RACH resource is divided into several groups, where each group corresponds to one broadcast beam. The UE sends RACH preamble via beam BRxUE1 on the PRACH resource correspond to Bss3. gNB manages to sweep on all the possible PRACH resources using the corresponding beam and the resource on which it successfully decodes the RACH preamble indicates that the beam is reported as the optimal beam.
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Figure 3 Beam-specific RACH resource
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 2: Beam-specific RACH resource allocation is supported in NR. From specification perspective, a one-to-one mapping beween 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.
1.1. RACH procedure without Tx/Rx reciprocity
Without channel reciprocity, the transmission beam at gNB or UE cannot be inferred from the reception beam and vice versa. In last meeting, it was agreed that
· 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

In Figure 4, the four step RACH procedure is illustrated.
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Figure 4 Four-step RACH in GUS initial access with channel reciprocity
Synchronization and system information delivery step: UE recieve beam determination
Similar as the process with reciprocity, before RACH started, UE can determine its optimal reception beam by receive beam sweeping and obtain gNB optimal Tx information for beam reporting.
Step 1 in RACH: gNB reception and trasmission beam determination with UE beam reporting 
However, the optimal UE transmission beam at UE cannot be directly obtained by reciprocity. Therefore, in the first RACH procedure, UE still needs beam sweeping to determine its own optimal transmission beam in the multi-beam based approach and this is a dual procedure as the previous step except that beams are different. In non-reciprocity case, the number of PRACH resource corresponds to the combination of UL transmission beams and UL reception beams. For each reception beam at gNB and transmission beam at UE, assume M REs of RACH resource is required. Sweeping at UE and gNB requires MNRx NTx  REs for RACH resource, where MRx is the number of UL reception beams at gNB side, and NTx  is the number of UL transmission beams at UE side.  On the other hand, in reciprocity case, the number of PRACH resource corresponds to UL reception transmission beam (same as DL transmission beam) only as shown in Figure 1, thus only MNRx  REs are needed for the RACH resource, which is NTx times fewer than the non-reciprocity case. This means that PRACH resource is much increased in non-reciprocity case when UE beamforming is enabled. 

After this step, gNB can determine its optimal reception beam and obtain UE optimal transmission beam. Moreover, in this step, UE will also function at beam reporting to help gNB determine its own receive and transmission beam Bss3. By only transmitting on the resources corresponding to the optimal gNB transmission beam, gNB can have knowledge of the reported beam. Thus, at the end of RACH preamble transmission, gNB can also determine its own optimal transmission beam.
Proposal 3: When Tx/Rx reciprocity is not available, the gNB obtains its DL Tx beam information based on UE beam reporting using RACH resource.
Step 2 in RACH: UE transmission beam determination with gNB beam reporting
In this step, the gNB reports the optimal UE transmission beam information to the UE alongside with the RAR. The UE transmission beam information is signaled to the UE via the optimal DL transmission beam reported in step 1. If the DL reception beam is signaled to the gNB in step 1, RAR may be transmitted on the exact resource corresponding to one DL reception beam, otherwise RAR may need to be transmitted on multiple DL reception beams and causes more RAR overhead.
Proposal 4: When Tx/Rx reciprocity is not available, the UE obtains its UL Tx beam information based on gNB beam reporting using RAR resource.

Step 3-4 in RACH: Single beam transmission
Both gNB and UE use their own optimal transmission/reception beam in the following procedures.

3. Conclusion
In this contribution, the RACH procedure in GUS initial access using multi-beam based approach is discussed, and the following proposals are proposed:
Proposal 1: When Tx/Rx reciprocity is available at gNB, UE determines its own Tx beam for RACH preamble transmission based on DL beam measurement and beam correspondence.
Proposal 2: Beam-specific RACH resource allocation is supported in NR. From specification perspective, a one-to-one mapping beween 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 3: When Tx/Rx reciprocity is not available, the gNB obtains its DL Tx beam information based on UE beam reporting using RACH resource.
Proposal 4: When Tx/Rx reciprocity is not available, the UE obtains its UL Tx beam information based on gNB beam reporting using RAR resource.
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