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Introduction
RAN#71 in March approved a 5G SID [1] on New Radio (NR) access technology, which aims to provide a unified framework for traffic with diverse QoS requirements e.g. enhanced mobile broadband (eMBB), massive machine-type-communications (mMTC), ultra-reliable and low latency communications (URLLC).
Unlike in LTE, NR should support utilisation of more than one numerology over the entire system bandwidth i.e. there may be multiple, scaled subcarrier spacings (equivalent to the support of multiple subframe durations) within a single carrier bandwidth, and NR specification would support multiplexing numerologies in TDM and/or FDM within/across (a) subframe duration(s) from a UE perspective.
Accordingly, RAN2 protocols to support multiple numerology should also be discussed.

Discussion
When UE is in RRC-idle or inactive state, issues in supporting initial access procedure under multiple numerology environment are discussed in [2], which identified that
· SI would be delivered over a default numerology set (identified from detecting synchronisation signals)
· Paging may be delivered over a default numerology set, but delivery over dedicated numerology is not precluded.
For example, consider UEs wanting to perform initial attach to the network: the UE needs to detect synchronisation signal from the cell and obtain SI. UE would not have other numerology configured to use at this stage, and the numerology identified through downlink synchronisation and SI acquisition is regarded as a default set at the UE. The bandwidth over which the default numerology applies can be regarded as the access bandwidth (in the downlink).
Similarly for uplink, there should be a numerology set with which the UE can make access attempts.
Observation 1.	At least one default numerology set (in uplink and downlink respectively) from NR access node is available to UE for SI acquisition.
In NR, multiple numerologies with multiple subcarrier spacing are supported within a single carrier bandwidth (which is equivalent to saying that multiple subframe durations are supported). Unlike in LTE, the default numerology set may not be associated with the entire system bandwidth. gNB may want to configure a non-default, dedicated numerology. Considering the procedures in idle mode (See Figure below), the following observation can be made:
Observation 2.	Opportunities for gNB to send numerology-related configuration information in the downlink are: Other SI (which may be sent on-demand), paging, RAR, and connection setup message (msg4).


Figure 1. Call flow in idle mode

Option 1. Configuration by SI
If UE can re-configure numerology before paging process, it could be beneficial for reducing UE implementation cost to support both default and dedicated numerology set for operations until connection establishment complete. Having said that, this approach makes it necessary to indicate dedicated numerology set by SI: since minimum SI should contain only the very essential information for access to the RAN node, other SI is preferred for indicating the dedicated numerology. UE can access the gNB using the dedicated numerology set corresponding to its service. On the other hand, resource separation for paging per dedicated numerology set is also beneficial for UE. However, from gNB point of view, overhead may increase according to the increased contents of other SI for configuration of dedicated numerology set for services/slices.
RAN1#87 agreements indicate that the time/frequency location for common control channel resource can be obtained from MIB/system information/implicitly derived from initial access information.
Observation 3.	If gNB broadcasts information on dedicated numerology sets via SI, UE can access the gNB using the dedicated numerology set corresponding to its service. This may reduce implementation/operation cost due to possible operations involved to multiple numerology sets, but overhead due to the configuration in other SI increases.

Option 2. Configuration after paging
When only for MT case, gNB may configure the dedicated numerology set by paging message. Since there is the possibility of having multiple PRACH with different numerologies, to enable UE to select an appropriate PRACH resource, paging signalling may indicate the service type of the MT data as well as information for configuring the dedicated numerology set, based on service/slice information received from CN. Hence, UE can operate remaining procedures including RAR and connection request/setup messages in the default numerology set. In contrast to the option above, paging is included in common procedure for initial access via the default numerology set. Thus simpler design for paging is available to support lower capable UE. Furthermore, at least for MT case, gNB does not need to broadcast SI for configuration of the dedicated numerology set which is relative to upcoming paging to the UE. Two steps - SI and paging - for the configuration incur higher loss rate and latency until completing it.
Observation 4.	gNB can indicate information on the dedicated numerology set via paging based on service information received from CN. In this case, SI delivery overhead of gNB and the latency of configuration for the dedicated numerology can be reduced.

Option 3. Configuration by RAR
In this case, default numerology set is used for SI acquisition, paging and random access. If random access preamble (RAP) was successfully detected at gNB and gNB can distinguish UE’s intended slice from RAP, the gNB will schedule a response to this preamble with proper configuration for numerology. One advantage of this approach may be that the gNB can respond only to those UEs who have attempted access and make those UEs operate for message 3 and 4 in connection establishment procedure on the dedicated numerology set. However change of numerology during random access & connection establishment procedure may impact to potential additional latency due to numerology re-configuration time. If we consider possible processing/overhead/RF delay to perform numerology re-configuration, this option may incur additional latency for every trial of connection establishment and higher UE complexity. Therefore impact of the latency from numerology re-configuration should be taken into account to assess C-plane latency and UE complexity respectively. 

Option 4. Connection establishment via default numerology
The default numerology that has been used for SI acquisition may also be used by UEs/gNB to receive/transmit common control signalling in the downlink e.g. other SI transmission, paging indication with P-RNTI, and RAR. With no knowledge of dedicated numerology for UE yet, RRC messages 3 and 4 for contention resolution will be exchanged on the default one. Since Msg4 is used to setup a UE-dedicated connection with the UE, Msg4 can include information on dedicated numerology configuration for the UE. 
Regarding both Option 3 and 4, the common advantage of the two is that the gNB can respond only to those UEs who have attempted access with information for numerology decision. There is a similar issue with Option 3 where, for gNB to know how to configure RRC connection in Msg4, UE needs to indicate its preference/capability (related to numerology) during initial access.
Observation 5.	Numerology re-configuration during random access and connection establishment procedure may impact requirements on UE complexity, overhead and C-plane latency.

Based on discussion/observations here, we conclude that options can be categorized into the following two design approaches: 
Approach (1) - gNB configures the dedicated numerology via SI or paging before RA & connection establishment procedure. RA & connection establishment procedures can be operated in the dedicated numerology. Lower capability UE can be supported.
Approach (2) - gNB configures the dedicated numerology via RAR or connection setup message during RA & connection establishment procedure. The default numerology set is used during initial access and connection establishment procedure. Lower capability UE is not easily supported.
Those identified issues could be beneficial to design initial access and connection establishment procedure.
Proposal 1.	RAN2 should take into account the pros/cons of different cases of numerology re-configuration in initial access and connection establishment procedure.

Conclusion
In this contribution the following observations and proposals are made:
Observation 1.	At least one default numerology set (in uplink and downlink respectively) from NR access node is available to UE for SI acquisition.
Observation 2.	Opportunities for gNB to send numerology-related configuration information in the downlink are: Other SI (which may be sent on-demand), paging, RAR, and connection setup message (msg4).
Observation 3.	In case that gNB broadcast information on dedicated numerology sets via SI, UE can access the gNB using the dedicated numerology set corresponding to its service. This may reduce implementation/operation cost due to the possible operations involved to multiple numerology sets, but overhead due to the configuration in other SI increases.
Observation 4.	gNB can indicate information on the dedicated numerology set via paging based on service information received from CN. In this case, SI delivery overhead of gNB and the latency of configuration for the dedicated numerology can be reduced.
Observation 5.	Numerology re-configuration during random access and connection establishment procedure may impact requirements on UE complexity, overhead and C-plane latency.

Proposal 1.	RAN2 should take into account the pros/cons of different cases of numerology re-configuration in initial access and connection establishment procedure.
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