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1	Introduction
In this paper, we discuss some of the remaining issues in the RACH procedure. Firstly, we share our views on the remaining issues related to the timing of each message in a RACH procedure. Specifically, we focus on the timing gap between Msg4 reception and its corresponding ACK transmission. We then discuss some details about multiple Msg1 transmission for contention-free RACH. Finally, we share our views on some FFS items from previous meetings.

2	Timing of messages in RACH
	Agreements: (RAN1 #91)
· Minimum time gap between Msg2 and Msg3 if Msg2 and Msg3 have the same SCS
· Duration of N1 + duration of N2 + L2 + TA
· N1 refers to the value determined in control session with front loaded plus additional DMRS and UE capability #1
· N2 also refers to the value determined in control session with UE capability #1
· TA is equal to the maximum timing advance value that the 12 bit TA command can provide with respect to the SCS of Msg3
· L2 refers to the MAC processing latency and it does not depend on subcarrier spacing
· L2=500us as a working assumption
· Note: If Msg2 and Msg3 have different SCS, value of N1 and N2 will refer to the ones determined in control session.



	Agreements: (RAN1 #91)
· For the case when RRC connection has not yet been established, the UE processing time should be assumed to be the maximum values among all conditions for all capabilities under the same SCS.
· In the case of multiplexing HARQ-ACK with uplink data on PUSCH In the case of mixed numerology between the UL and DL, the UE processing times for N1’, N2’ apply according to the lowest subcarrier spacing between the UL and DL numerologies



There are two remaining issues in the RACH procedure regarding the transmission timing of each message:
1. Timing gap between Msg2 reception and Msg3 transmission: L2 value needs to be confirmed.
2. Timing gap between Msg4 and its ACK needs to be discussed. 

As to the timing gap between Msg2 reception and Msg3 transmission, we propose to confirm the working assumption that L2=500usec. Regarding the transmission of ACK to Msg4, there are two problems: one is its timing which is discussed her and the other is its resource which should be discussed in the uplink control session. Since Msg4 can be regarded as a UE-specific downlink signal, the HARQ procedure applied to other UE-specific PDSCH transmissions should be re-used as much as possible. In HARQ session, it has been agreed that there are 3 bits in a non-fallback DCI to indicate the timing in terms of slot numbers of the ACK relative to the PDSCH reception (a.k.a. K1). For fallback DCIs, the 3 bits are agreed as a working assumption [1]. We hence propose that the timing gap between Msg4 reception and its ACK is indicated by the [3]-bit PDSCH-to-HARQ_feedback timing indicator field in DCI format 1_0. And the values to be indexed can be either pre-defined in the specification or signalled by higher layer. If they are signalled by higher layer, they can be carried in broadcast system information such as RMSI or can be carried by Msg2 or Msg4. The final decision can be left to the control channel session. 
[bookmark: _Ref494726146][bookmark: _Ref503444866]Proposal 1: NR confirms the working assumption of L2=500 usec.
[bookmark: _Ref503444876]Proposal 2: The timing gap between Msg4 reception and its ACK is indicated by the [3]-bit PDSCH-to-HARQ_feedback timing indicator field in DCI format 1_0.
[bookmark: _Ref503444887]Proposal 3: The set of values to be indexed and whether they are pre-defined in spec or signaled by higher layer are left to the control channel session to decide. 

3	Multiple Msg1 transmission in contention-free RACH
	Agreements: (RAN1 NR AH 1706)
· For contention free case, a UE can be configured to transmit multiple Msg.1 over dedicated multiple RACH transmission occasions in time domain before the end of a monitored RAR window if the configuration of dedicated multiple RACH transmission occasions in time domain is supported.
· Note: The time resource used for ‘dedicated RACH in time domain’ is different from the time resources of contention based random access
· Note: Multiple Msg1 can be transmitted with same or different UE TX beams 



	Agreements: (RAN2 #98)
For multiple msg1 transmissions for contention free RACH 
-	A single RAR window is applied for multiple msg1 transmission.  
-	The RAR window is started after transmission of the first preamble after a “offset”.  
-	The UE monitors multiple RA-RNTIs.  The RA-RNTI is associated to the RACH transmission occasion in which the preamble was transmitted.  
-	Once a RAR is received, the RAR reception is considered successful, as in LTE.  The UE stops multiple preamble transmission.
-	Details of RA-RNTI calculations are FFS



	Agreements: (RAN1 #88)
· Following is baseline UE behavior 
· UE assumes single RAR reception at a UE within a given RAR window
· NR random access design should not preclude UE reception of multiple RAR within a given RAR window, if need arises



Multiple Msg1 transmission was proposed to reduce latency especially for UE without beam correspondence in the handover case. With this feature, UE without beam correspondence can transmit multiple Msg1 with different TX beams before the end of RAR window to accelerate the handover process. Though it has been agreed multiple Msg1 can be configured for contention-free random access [2], its detailed design has not fully discussed. 
First of all, we should discuss how these multiple Msg1 transmissions are multiplexed. They could be multiplexed on the code (CDM), frequency (FDM) or time (TDM) domain. However, if CDM’ed multiple Msg1 transmission is supported, it would conflict to RAN2’s agreement that multiple Msg1 transmissions are differentiated by RA-RNTI values. Furthermore, for a UE without beam correspondence, it is very unlikely that it would form two different TX beams at the same time instance. Therefore, it is more suitable that multiple Msg1 transmissions are conducted in a TDM’ed manner. 
A follow-up question is that how many Msg1 transmissions can be supported within a slot. This not only depends on network’s configuration but also UE’s capability. The more Msg1 transmissions UE can support within a slot, the more sets of configuration values UE has to prepare. Therefore, the number of Msg1 transmission within a slot on a carrier component should be limited to one. If UE can support more than one Msg1 transmission within a slot, it can be reported as part of the UE capability.  
Another two companion questions are how to update the power ramping counter and the preamble transmission counter when multiple Msg1 transmission is configured. In our opinion, if N Msg1 transmissions are configured and allowed before the end of RAR window, UE should not increase its power ramping counter during these N Msg1 transmissions nor should it increase its preamble transmission counter. Furthermore, the RACH resources the UE has selected for these N Msg1 transmissions should be associated with the same SS block or CSI-RS.  
Finally, because it is a contention-free RACH, network knows which Msg1 transmissions are from the same UE. Even when more than one preamble from the same UE is detected by the network, the network should only responds to the one with the highest receive quality and avoid multiple RAR responses to the same UE. In other words, even multiple Msg1 transmission is configured, multiple RAR receptions and multiple Msg3 transmissions are not expected and should not be allowed. 
[bookmark: _Ref503444896]Observation 1: It would conflict to RAN2’s agreement if CDM’ed multiple Msg1 transmissions are supported. 
[bookmark: _Ref503444905]Proposal 4: NR supports multiple Msg1 transmissions before the end of RAR windows for contention-free RACH. Furthermore, they can only be transmitted in a TDM’ed manner.  
[bookmark: _Ref503444932]Proposal 5: The maximum number of Msg1 transmissions within a slot on a carrier component should be limited to one. Otherwise, it should depend on UE capability.
[bookmark: _Ref503444941]Proposal 6: The power ramping counter, the preamble transmission counter, and the selected RACH resource remain unchanged during one round of multiple Msg1 transmissions. 
[bookmark: _Ref503444947]Proposal 7: From the UE’s perspective, UE assumes single RAR reception within a RAR window even when multiple Msg1 transmission is configured. 
[bookmark: _Ref503444954]Proposal 8: Multiple Msg3 transmissions are not supported even when multiple Msg1 transmissions are configured.
4	Conclusion  
We have discussed the remaining issues regarding the timeline of messages in RACH and details about multiple Msg1 transmission in contention-free RACH. Observations and proposals are summarized as follows.
Proposal 1: NR confirms the working assumption of L2=500 usec.
Proposal 2: The timing gap between Msg4 reception and its ACK is indicated by the [3]-bit PDSCH-to-HARQ_feedback timing indicator field in DCI format 1_0.
Proposal 3: The set of values to be indexed and whether they are pre-defined in spec or signaled by higher layer are left to the control channel session to decide.
Observation 1: It would conflict to RAN2’s agreement if CDM’ed multiple Msg1 transmissions are supported.
Proposal 4: NR supports multiple Msg1 transmissions before the end of RAR windows for contention-free RACH. Furthermore, they can only be transmitted in a TDM’ed manner.
Proposal 5: The maximum number of Msg1 transmissions within a slot on a carrier component should be limited to one. Otherwise, it should depend on UE capability.
Proposal 6: The power ramping counter, the preamble transmission counter, and the selected RACH resource remain unchanged during one round of multiple Msg1 transmissions.
Proposal 7: From the UE’s perspective, UE assumes single RAR reception within a RAR window even when multiple Msg1 transmission is configured.
[bookmark: _GoBack]Proposal 8: Multiple Msg3 transmissions are not supported even when multiple Msg1 transmissions are configured.
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