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1. Introduction
RAN#71 in March approved a 5G SID [1] on New Radio (NR) access technology, which targets 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).
In RAN1 [2] using different sets of numerology and frame structures for different service verticals is being considered. From RAN1#86/RAN2#95/#95bis meetings, the followings were agreed:
RAN1 Agreements
•       For subcarrier spacing of each synchronization signal (e.g. NR PSS,SSS) in a NR carrier, the following alternatives should be studied
•       Alt 1: Subcarrier spacing is predefined in the specification for a given frequency range
•       Ex: 15kHz for sub-6GHz, 60kHz for over-6GHz
•       Note that there are more than one frequency ranges
•       Alt 2: Subcarrier spacing is selected by NR BS
•       FFS: Details on the set of possible numerologies
•       Note: Blind detection of multiple numerologies can be considered
•       Alt 3: Single subcarrier spacing is predefined in the specification for all frequency ranges
•       Other alternatives are not precluded
RAN2 Agreements
Agreements
1: 	RAN2 to agree on proposals 1, 4, 5, 6 and 7 from [1] to be captured as guidelines for SI design in RAN2 TR with rephrasing of some proposals if needed.
2: Other mechanisms than periodic broadcast of system information should be studied during study item.
3: Agree on the terminology of Minimum SI (at least for purpose of the SI discussions).
4: Minimum SI needs to be broadcasted periodically.
5: Contents and format of minimum SI are FFS. Content will at least include information to support cell selection, for acquiring other SI, for accessing the cell. 
FFS Whether all "cells"/TRPs periodically broadcast the minimum SI.
6: Agree on the terminology of Other SI where other SI comprises everything not broadcasted in minimum SI.
FFS Whether ETWS/CMAS like information would be considered as Other SI or Minimum SI
7: Both network triggered and UE initiated mechanisms for Other SI delivery shall be further studied.
8: It is network decision whether other SI is broadcasted or delivered through UE-specific signalling.


Agreements
1: 	For on demand SI, other SIs may be broadcasted at configurable periodicity (equivalent to SI period in LTE) and for a certain duration.
2	Request of the other SI by idle and “new state” UE should be performed without state transition.
3	For an SI required by the UE, the UE should know whether it is available in the cell and whether it is broadcast or not before it sends the other SI request (e.g. by checking minimum SI). 

This contribution investigates design considerations for NR initial access to support multiple numerologies; especially about configuration of numerology during initial access procedures.
2. 	Design Considerations for NR Initial Access
2.1 LTE Initial Access Procedures
Initial access in LTE has a sequence comprising frequency acquisition, time & frequency synchronization, cell selection, MIB/SIB acquisition, and random access. A UE which is successful for random access can establish connection for setting up SRB (Signalling Radio Bearer).
LTE can be regarded as single numerology system except supporting normal/extended CP and RACH preamble format. CP/symbol length information is implicitly indicated by format of synchronization signal (PSS/SSS). After synchronization, there is no separation of procedure for DL signalling due to change of numerology. RACH preamble format including CP length and preamble length is separately indicated by SIB2. Meanwhile the subcarrier spacing for RACH preamble is given to UE and the subframe length is same as the numerology for DL. We therefore assume that LTE RACH preamble configuration is a part of the default numerology and is additionally informed only for UL transmission of RACH preamble. 
2.2 Possible NR Initial Access Procedures
At RAN2#93bis meeting, we discussed on common initial access procedure [3] which has the commonality across DL synchronization, cell search, minimum (or essential) SI acquisition, and random access. The conclusion from the discussion was that common initial procedure is beneficial from the UE complexity and the forward compatibility perspectives. Since remaining SI information can be requested by UE, minimum SI is simple and common regardless of the condition of UE.
2.3 Issues to Support Multiple Numerologies
According to on-going discussion in RAN1, we could define that default numerology is same as the numerology for (successful) reception of synchronization signals (i.e. NR-xSS). Numerology to detect NR-xSS and numerology to detect control channel after initial access may be different. Like LTE RACH, there are possibly sub-numerologies which could be derived from the default numerology. Therefore in this paper we will use the terminology - default numerology set which comprises single or multiple default numerologies which can be derived by the numerology for detecting synchronization signals without assuming additional configuration to the UE. On the other hand, we also define the dedicated (or alternative) numerology set as single or multiple numerologies for UE’s operation in resource region where UE is dedicated for the specific service. Procedures and issues to configure the dedicated numerology set are investigated here. In general, we assume that the dedicated numerology set is indicated by network via channels in the default numerology. 
Observation 1: If single or multiple numerologies are derived by the numerology for detecting synchronization signals, we can call those numerologies as a default numerology set. If alternatively other numerologies are indicated by network, we can call those additional numerologies as a dedicated numerology set.


Figure 1: Options for transition of numerology set
Issue 1: In which procedures does UE require to operate via the default/dedicated numerology?
The possible options when to indicate the dedicated numerology set is depicted in Figure 1. Option 1 shows that the dedicated numerology is indicated via synchronization signal. If the LTE-like PCI (physical cell ID) indication via synchronization signal concept is preserved also in NR, numerology indication needs more bits in addition to PCI indication. This could results in lower detection performance or higher UE complexity. Therefore we will not discuss further issues based on Option 1 in this paper.
According to RAN1/2 agreements [4][5] for NR, minimum (or essential) SI is agreed to provide information for at least initial access procedures. The minimum SI is naturally transmitted via default numerology set if synchronization signal does not indicate the dedicated numerology set. Furthermore, the minimum SI should be designed to support minimum capable UE in the specific operation carrier. In that sense, it could be suggested that at least minimum SI is delivered via the default numerology set from the UE complexity and forward compatibility perspectives. 
Proposal 1: Minimum SI is delivered via default numerology set.
Meanwhile Option 2 and Option 3 may be arguable depending on the necessity of random access procedure in the dedicated numerology set. According to NR requirements in TR 38.913 [2], required C-plane latency in NR is 10 ms regardless of numerology/services/verticals. It means that service-specific random access procedure is not required and common random access procedure is sufficient. However, service-specific C-plane latency may be beneficial if target C-plane latency is much different up to numerology/services. For instance, mMTC UE may be enough to have C-plane latency in a couple of seconds, while URLLC UE may need tighter latency in a couple of milliseconds. In addition, LTE already provides multiple RA preamble formats to compensate different deployment scenarios. Furthermore NB-IoT supports configuration of different subcarrier spacing for UEs in different condition. Even for U-plane latency, the latency for random access procedure may be a part of U-plane latency if short message transmission via random access procedure is considered. Therefore it could be meaningful to discuss Option 2 if the network requests different performance requirements for random access procedure per service type. On the other hand, different UE capability such as BW may impact to RACH opportunity as pointed from the companion contribution [6]. On this issue, minimum supported UE BW as well as potential dedicated numerology should be signalled to UE for flexible system operation. If no different consideration is found from the C-plane latency and UE capability aspects, Option 3 can be a baseline for discussion of initial access procedure.
Proposal 2: The necessity of dedicated numerology for random access procedure should be discussed if service-specific C-plane latency constraint is considered; otherwise, the default numerology set for random access procedure as a common is a baseline.

Based on the above discussion, we investigate a further issue as follows:
Issue 2: A type of numerology set for detecting the other SI and paging
The design for minimum SI targets minimum contents and common/essential information/functions for initial access. So as to deliver other remaining system information which are not transmitted in the minimum SI, other SI should be supported. The other SI could be transmitted either in cell-specific or UE-specific manner. But whatever transmission type is used, it could be nice, e.g. especially for lower class UE, to configure the dedicated numerology set without mandating numerology for connected mode operation. Referring to the companion contribution [7], additional overheads and power consumption of connected state UE is much higher than that of idle state UE. In this sense, default numerology for idle mode operation is a design target for detection of other SI. Based on similar motivation, RAN2 agreed on other SI in broadcast manner at RAN2#95bis meeting [8], but details of mechanism for other SI needs further discussion.
Observation 2: Other SI operating in the default numerology set is beneficial to reduce the overhead of minimum SI as well as to relax UE complexity.
Proposal 3: Other SI can be delivered via PBCH and default numerology set.
If NR strives to design low power consumption during idle state, paging procedure should be taken into account in addition to other initial access procedures including cell search, cell (re)selection, and random access. In the case of using default numerology set for those initial access procedures, paging could be designed to transmit/receive with default numerology set from the UE power consumption perspective.
Observation 3: It would be helpful for UE power consumption that transmission/reception for paging message is operated in the default numerology set.
Proposal 4: It should be supported to receive paging via default numerology set. This does not preclude receiving paging via dedicated numerology set.
Proposal 5: RAN1/2 should strive for minimizing required UE capability for synchronization signal detection, minimum/other SI acquisition, and paging, as well as to acquire the dedicated numerology set during those procedures.

3. Summary
Based on the discussion and identified observations in this contribution, we propose followings:

Observation 1: If single or multiple numerologies are derived by the numerology for detecting synchronization signals, we can call those numerologies as a default numerology set. If alternatively other numerologies are indicated by network, we can call those additional numerologies as a dedicated numerology set.
Observation 2: Other SI operating in the default numerology set is beneficial to reduce the overhead of minimum SI as well as to relax UE complexity.
Observation 3: It would be helpful for UE power consumption that transmission/reception for paging message is operated in the default numerology set.

Proposal 1: Minimum SI is delivered via default numerology set.
Proposal 2: The necessity of dedicated numerology for random access procedure should be discussed if service-specific C-plane latency constraint is considered; otherwise, the default numerology set for random access procedure as a common is a baseline.
Proposal 3: Other SI can be delivered via PBCH and default numerology set.
[bookmark: _GoBack]Proposal 4: It should be supported to receive paging via default numerology set. This does not preclude receiving paging via dedicated numerology set.
Proposal 5: RAN1/2 should strive for minimizing required UE capability for synchronization signal detection, and minimum/other SI acquisition, and paging, as well as to acquire the dedicated numerology set during those procedures.
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