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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
According to the discussion of NR RACH procedure, multiple/repeated preamble transmission were discussed. Some related agreements from both RAN1 and RAN2 are listed as follows.
	RAN1#86bis: [1]
Agreements:
· RACH resource:
· A time-frequency resource to send RACH preamble
· Whether UE needs to transmit one or multiple/repeated preamble within a subset of RACH resoueces can be informed by broadcast system information
· For example, to cover gNB RX beam sweeping in case of NO Tx/Rx reciprocity at the gNB
RAN1#87: [2]
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.


	RAN2#97bis: [3]
1    Handover command can contain at least cell identity of the target cell and RACH configuration(s) associated to the beams of the target cell. RACH configuration(s) can include configuration for contention-free random access.
1b    UE selects a suitable beam from all beams of the target cell.
1c    UE performs CBRA on the UE's selected beam if CFRA resources are not provided for the UE's selected beam.


In this contribution, we provide our initial consideration on the potential impacts in RAN2 specifications.
2. Discussion
2.1 Msg1


Figure 1: gNB Rx beam sweeping or UE Tx beam sweeping 
Issue 1: Tx beam Sweeping or Rx beam sweeping
According to the multi-beam RACH discussion in both RAN1 and RAN2, we could have the two scenarios illustrated above:
· Scenario 1: gNB Rx beam sweeping of PRACH
· Scenario 2: UE Tx beam sweeping of PRACH
According to the discussion in RAN1, only Scenario 1 has been confirmed, as the Tx beam sweeping of PRACH introduces more UE complexity (e.g. multi-panel design). From RAN2 point of view, Scenario 2 also requires extra standard efforts on the PRACH resource/configuration selection in multiple Tx beams, considering that the different PRACH resources could be configured for different beams. Thus we consider that Scenario 1 should be considered for the Phase 1 of NR, and RAN2 discussion on Scenario 2 should be pending based on the latest conclusion from RAN1.
Proposal 1: gNB Rx beam sweeping of PRACH is considered for the RACH procedure.
Proposal 2: UE Tx beam sweeping of PRACH is pending for RAN1 discussion.

Issue 2: Contention-based and/or contention-freed
According to the RAN1 agreement, the PRACH resource of multiple/repeated preamble transmission is informed by system information. Then the contention-based PRACH configuration should be allowed. Regarding the contention-freed RACH procedure of multiple/repeated preamble transmission, one use case would be to change the UL transmission beam of the UE while the gNB is using the Rx beam sweeping. By using the contention-freed RACH procedure and multiple/repeated preamble transmission, the gNB can detect the preamble faster and realize the fast change of the UL transmission beam for beam recovery and management.
Proposal 3: Both contention-based and contention-freed RACH procedures are allowed for multiple preambles transmission.

Issue 3: repeated preamble transmission before the reception of RAR
Although RAN1 agreed to allow multiple/repeated preamble, we could have the following two options for the repeated preamble transmission:
· Option 1: Repeated preamble transmission is allowed before the reception of RAR.
· Option 2: Repeated preamble transmission is allowed only after the RAR window.
As the network Rx beam sweeping could be very fast (e.g. 1ms sweeping interval) and the RAR window is large (e.g. 10ms), Option 2 (alike the legacy procedure) could cause the more failure on the reception of the preamble due to the gNB Rx beam sweeping.  
Proposal 4: Multiple preambles transmission is allowed before the reception of RAR.

2.2 Msg2


Figure 2: RACH procedure of multiple/repeated preamble(s) transmission
In this section we are using the contention-based RACH procedure as an example. According to the figure given above for the repeated preamble transmission, the UE could send several Msg1(s) in different subframe. And the gNB may receive one or more Msg1(s). According to the current MAC specification, the RA-RNTI used to find RAR is calculated based on the time and frequency location of the PRACH resource [4]. The calculation of the RA-RNTI in LTE can be found in Annex A. 
From the gNB point of view, according to the contention-based RACH procedure, the gNB cannot differentiate if Msg1(2) or Msg1(3) in Figure 2 is transmitted by the same or different UE(s) (e.g. Msg1(2) from UE1 and Msg1(3) from UE2). Thus the gNB has to send two RARs in order to reach the potential two UEs. And the gNB has to send the two RARs based on two different RAR windows. This means that the gNB will use two different RA-RNTI(s) to address the two different RARs, and the two RARs could even be sent in the same subframe.
Observation 1: As the gNB cannot differentiate if multiple preambles are from the same or different UE(s) in the contention-based RACH procedure, the gNB has to send more than one RARs corresponding different RAR windows even when the gNB receives two Msg1(s) from the same UE.  
Observation 2: The gNB could send more than one RARs in the same subframe.
From the UE point of view, the UE does not know which preamble has been received by the gNB, it has to be ready to receive different RARs addressed to different RA-RNTI(s). As such we consider that the UE can use different RAR window for each RAR reception, and each RAR window corresponds to a specific RA-RNTI.
Proposal 5: Each preamble transmission of multiple preambles transmission has an independent RAR window for the reception of RAR.
Proposal 6: Within each RAR window, the UE monitors the PDCCH for RAR identified by the RA-RNTI corresponding to each preamble transmission.  
2.3 Msg3
According to Observation 2 and Proposal 5 and 6, the UE could receive more than one RARs within the same subframe for different RAR windows (e.g. within the overlapping period between two RAR windows). In the legacy LTE, the UE could also receive more than one RAR(s) within one RAR window, and only “the first successfully received Random Access Response within this Random Access procedure” is used for the Msg3 transmission. From our understanding, if two RARs are successfully received at the same time, the UE should use only one RAR for Msg3 transmission, and the UE can randomly choose one RAR for Msg3 transmission.
Proposal 7: If two RARs are successfully received at the same time, the UE uses only one RAR which is randomly chosen by the UE for Msg3 transmission.
3. Conclusion
According to the analysis given above, we have the following observations and proposals:
Observation 1: As the gNB cannot differentiate if multiple preambles are from the same or different UE(s) in the contention-based RACH procedure, the gNB has to send more than one RARs corresponding different RAR windows even when the gNB receives two Msg1(s) from the same UE.  
Observation 2: The gNB could send more than one RARs in the same subframe.
Proposal 1: gNB Rx beam sweeping of PRACH is considered for the RACH procedure.
Proposal 2: UE Tx beam sweeping of PRACH is pending for RAN1 discussion.
Proposal 3: Both contention-based and contention-freed RACH procedures are allowed for multiple preambles transmission.
Proposal 4: Multiple preambles transmission is allowed before the reception of RAR.
Proposal 5: Each preamble transmission of multiple preambles transmission has an independent RAR window for the reception of RAR.
Proposal 6: Within each RAR window, the UE monitors the PDCCH for RAR identified by the RA-RNTI corresponding to each preamble transmission.
[bookmark: _GoBack]Proposal 7: If two RARs are successfully received at the same time, the UE uses only one RAR which is randomly chosen by the UE for Msg3 transmission.
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Annex A
36.321 [4]:
	The RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as:
RA-RNTI= 1 + t_id + 10*f_id


where t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10), and f_id is the index of the specified PRACH within that subframe, in ascending order of frequency domain (0≤ f_id< 6) except for NB-IoT UEs, BL UEs or UEs in enhanced coverage. If the PRACH resource is on a TDD carrier, the f_id is set to , where  is defined in Section 5.7.1 of [7].
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