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1. Introduction

	Agreements in RAN2#97bis:

-
The random access procedure in NR is supported at least for the following events:

(1)
Initial access from RRC_IDLE;

(2)
RRC Connection Re-establishment procedure;

(3)
Handover;

(4)
DL data arrival during RRC_CONNECTED requiring random access procedure, e.g. when UL synchronisation status is "non-synchronised";

(5)
UL data arrival during RRC_CONNECTED requiring random access procedure, e.g. when UL synchronisation status is "non-synchronised" or there are no PUCCH resources for SR available.

(6)  Transition from RRC_INACTIVE to RRC_CONNECTED

-
In NR the random access procedure on SCell can be supported if multiple TAs are supported as in LTE
-
The random access procedure in NR is performed on at least PSCell upon SCG addition/modification, if instructed, or upon DL/UL data arrival during RRC_CONNECTED requiring random access procedure. The UE initiated random access procedure is only performed on PSCell for SCG as in LTE
-
Mixed numerologies on a single carrier are only supported in connected mode. Idle mode and Inactive mode procedures (at least minimum system information broadcast and paging) use the default numerology per carrier frequency.

-
FFS Whether initial access (i.e. random access in idle mode) is always on the default numerology or can use other numerologies


Based on RAN2 agreements, random access in NR will also have two types as LTE, i.e. contention based and non-contention based.  And the random access procedure may be triggered in some conditions, e.g. initial access, ….

In this contribution, we further discuss numerology using in random access procedure based on RAN1/2 progress. 
2. Discussion

Based on current RAN1 progress, 4-steps random access procedure for NR and multiple numerologies co-existed in NR are assumed.

Depending on numerology used to perform random access procedure, the average delay of random access, robustness, and other aspects could be different. In detail, three possible options for performing random access procedure on multiple numerologies system are listed below.
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Option 1: Random access procedure is only performed on a specific numerology, similar to LTE.
Option 2: Random access procedure can be performed on different numerologies. And a random access procedure shall be performed on same numerology.
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Option 3: Random access procedure can be performed on different numerologies. And a random access procedure can be performed cross different numerologies.
Regarding the Option 1, although it is simple in system design aspect, such design is lack of flexibility for supporting variant services in NR. On the other hand, both Option 2 and Option 3 could achieve different random access latencies by using different numerologies for transmissions. And comparing Option 2 and Option3, the Option 2 will need extra individual PRACH resource on the numerology allowed to perform random access procedure due to limitation. Hence, extra design for handling different PRACH resource will be introduced. For Option 3, although less PRACH access resource is needed for different numerologies, performing different steps of a random access procedure on different numerologies will increase complexity of random access procedure design. In addition, based on RAN1 agreements [4, 5, 6], there could be different PRACH resource configurations for Msg1 transmission of different numerologies in NR. And numerology for Msg1 transmission being different from numerology for Msg3 transmission could be supported. Hence, in RAN1’s perspective, both Option 2 and Option 3 could be supported. 

	RAN1 Agreements:
RAN1 86bis

· Numerology for RACH preamble can be different depending on frequency ranges

· FFS: How many numerologies will be supported per frequency range
· Numerology for RACH preamble can be different or the same from that for the other UL data/control channels
RAN1 87
· NR will support different PRACH configurations, e.g., considering different numerologies case and whether Tx/Rx reciprocity is available or not at gNB.
RAN1 NR Adhoc
· RACH SCS alternatives
· SCS = [1.25 2.5 5 7.5 10 15 20 30 60 120 240] kHz
· Note: in case RACH SCS = [15 30 60 120 240] there are two design options:
· use the same SCS as the subsequent UL data and control 
· use different SCS than the subsequent UL data and control


Considering scheduling flexibility, UE capability, and forward compatibility for variant service requirements, we think that the Option 2 and Option 3 would be better choices for NR. 
Moreover, considering Option 3, the change between numerologies could occur in Msg2, Msg3, and Msg4. In our view, for initial access purpose, it is reasonable to limit the random access procedure on certain numerology. On the other hand, regarding random access for other purposes, we think there is no need to make such limitation. Since the Msg3 can provide some useful information (e.g. UE identity, BSR, …) to gNB, it could be beneficial for allowing gNB to transmit Msg4 on different numerologies. For example, in current RAN1 progress, a UE could have more than one control resource sets. And the different control resource sets could be used for scheduling resource on different numerologies. In uplink data arrival case, if we limit the numerology of Msg 4, network may not be able to schedule proper resource based on BSR in Msg3. Moreover, network could also discriminate different triggering events of random access, such as system information request, UL data arrival, and initial access.
	RAN1 Agreements:
· At least for single-stage DCI design:

· A control resource set (formerly called control subband) is, in the frequency domain, a set of PRBs within which the UE attempts to blindly decode downlink control information

· The PRBs may or may not be frequency contiguous

· A UE may have one or more control resource sets

· Working assumption: One DCI message is located within one control resource set
· NR strives for efficient support of dynamic resource allocation of different numerologies in FDM/TDM fashion


Currently, RAN1 wants to strive dynamic resource allocation of different numerologies for increasing scheduling flexibility of network. In other words, fixed/semi-static relation between numerology and Time/Frequency resource is not preferable. Based on the similar consideration, it would be also helpful for letting gNB could change numerology of data transmission (e.g. Msg3 (re-)transmission). Moreover, different numerologies used to perform Msg2 and/or Msg3 will also affect latency of the random access procedure. Based on discussion above, we think the Option 3 is more preferable. However, since Msg1 and Msg2 is not in RAN2 scope, our proposals focus on numerology of Msg 3 and numerology of Msg4.
Proposal 1: During a random access procedure for initial access, UE performs all random access steps on default numerology.
Proposal 2: For uplink data arrival, a UE can perform Msg3 transmission on different numerologies regardless of Msg1 numerology. 
Proposal 3: For uplink data arrival, a UE can perform Msg4 reception on different numerologies regardless of Msg1 numerology. 

3. Conclusion

In this contribution, we propose the following:
Proposal 1: During a random access procedure for initial access, UE performs all random access steps on default numerology.
Proposal 2: For uplink data arrival, a UE can perform Msg3 transmission on different numerologies regardless of Msg1 numerology. 

Proposal 3: For uplink data arrival, a UE can perform Msg4 reception on different numerologies regardless of Msg1 numerology. 
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