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Introduction
LTE Initial Access Procedure
Initial access in LTE has a sequence comprising: frequency acquisition, time & frequency synchronisation, 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.
Study on NR Initial Access
Similarly to LTE, initial access for NR UEs would involve frequency acquisition, time & frequency synchronisation from DL synchronisation signal (NR-xSS), minimum SI and other SI (MSI/OSI) acquisition, cell selection and random access. 
According to NR TR38.802 [1]:
· A numerology is defined by sub-carrier spacing and CP overhead. Multiple subcarrier spacings can be derived by scaling a basic subcarrier spacing by an integer N.
· UE can assume a signal corresponding to a specific subcarrier spacing of NR-PSS/SSS in a given frequency band given by specification.
· NR UE assumes the same the same PBCH numerology as that of NR-xSS.
· Part of minimum SI is broadcast on a non-scheduled NR-PBCH channel which has a fixed payload size and periodicity predefined in the specification.
· The remaining minimum SI is transmitted in shared downlink channel via NR-PDSCH.
· For the paging channel design at least for RRC idle mode, paging message is scheduled by DCI carried by NR-PDCCH and is transmitted in the associated NR-PDSCH.
On control channel (NR-PDCCH):
· A single control resource set is defined as a set of REGs under a given numerology within which the UE attempts to blindly decode downlink control information.
· A UE monitors one or more control resource sets for downlink control information.
· The time/frequency resource containing at least one search space is obtained from MIB/system information/implicitly derived from initial access information. Time/frequency resource containing additional search spaces, can be configured using dedicated RRC signalling.
· A search space in NR is associated with a single control resource set.
On paging, 
· At least for RRC idle mode, paging message is scheduled by DCI carried by NR-PDCCH and is transmitted in the associated NR-PDSCH.
On random access, 
· NR supports multiple RA preamble formats.
· Numerology for RACH preamble can be different depending on frequency ranges and can be different from or the same as that for the other UL data/control channels.
According to TR38.804 [2] and works from RAN2#97bis,
· Which numerologies and/or TTI durations a logical channel of a radio bearer is mapped to can be configured and reconfigured via RRC signalling.
RAN2 Agreements (#97bis)
Agreement
1	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.
=>	Draft LS to RAN1 to inform them of our agreement in R2-1703914 (Ericsson)

Discussion
In this paper, we use the term ‘default numerology set’ to indicate the numerologies which are detected from NR-xSS without additional configuration from gNB to the UE.
On the other hand, we define the dedicated (or alternative) numerology set as single or multiple numerologies for UE’s operation in resource region dedicated for a specific purpose, e.g. for a particular service. Procedures and issues for configuring dedicated numerology set are discussed here. In general, we assume that the dedicated numerology set is indicated by network via channels in the default numerology. 
Observation 1.	There is a default numerology set used by UE in the downlink, derived from the NR-xSS numerology and used by gNB to deliver at least some of the MSI on PBCH. If network indicates other numerologies in addition to the default set, those numerologies are referred to a dedicated numerology set.

Then, the following issues arise:
Issue 1: which procedures does UE operate via the default/dedicated numerology?



Figure 1: Cases for transition of numerology set

From the RAN1 agreements captured above, we make the following observation:
Observation 2.	Remaining MSI and other SI are transmitted via shared downlink channel (NR-PDSCH) whose scheduling information is transmitted via NR-PDCCH.
By the way, RAN2 agreed on the following at last RAN2#97bis meeting.
Agreement
1	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.

The possible cases of numerology sets for MSI and other SI transmission are depicted in Figure 1. SS and PBCH are considered together defined in the default numerology, since RAN1 decided on the resource of the default control/data channel is frequency-carrier dependant.
Case 1 shows the case of indicating a dedicated numerology for SI in BCH via PBCH. Here, the time/frequency resource containing at least one search space is obtained from MSI. UE may thus configure numerology for downlink control signalling channel and data channel, at the cost of slight increase in overhead from adding more information in MSI. Moreover, since the minimum SI is of fixed payload size, it should only carry essential information for UE’s initial access. It does not seem practical to make the UE update MSI every time gNB decides to change the resource for the default control/data channel. However, case 1 seems being ruled out since RAN1 decided on the resource of the default control/data channel is frequency-carrier dependant. It implies that the default numerology set applies to the resource of default control/data channel without explicit configuration. If remaining MSI or other SI needs to use a dedicated numerology, it should be transmitted via a different control/data channel with the dedicated numerology. UE can receive either remaining MSI or other SI in the dedicated numerology after obtaining numerology configuration by network. Other SI in the dedicated numerology is useful in case of on demand SI, since SI acquisition may follow random access procedure with the dedicated numerology. Meanwhile remaining SI with the default numerology seems major, but may use different numerology for efficient operation (e.g. fast beam sweeping).
In cases 2 and 3, the numerology used for SI acquisition on PDSCH is implicitly derived as the default one detected from synchronisation signal and PBCH, without explicit indication from gNB. These two cases may be arguable depending on the necessity of random access procedure in the dedicated numerology set. Like LTE, RACH numerology in NR is independent from numerologies for data and control channels and can be configured in the SI. MSI is expected to provide information for at least initial access procedures, including RACH parameters - which may be regarded as the default RACH numerology for the UE in the uplink. Again we can see it is better to align numerology between RA and SI (as case 1 and 3) to avoid RF transition for numerology change during on demand SI procedure.
Proposal 1.	Network aligns the type of numerology between SI and RA procedures.
While the requirement on C-plane latency in NR is 10 ms regardless of numerology/services/verticals [3], service-specific C-plane latency may be beneficial if target C-plane latency can be different per numerology/service. 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. For example, 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 case 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 RACH opportunity as pointed out in the companion contribution [4]. 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, case 3 can be a baseline for discussion of initial access procedure.

Issue 2: how to configure dedicated numerology?
Consider layer 2/3 procedures and possible options until establishing RRC connection between UE(s) and gNB:


Figure 2. Initial access procedure
Observation 3.	Opportunities for gNB to send information to UEs include SI, paging and RRC Connection Setup (Msg4). For RRC-CONNECTED UEs, UE-dedicated signalling is used.
Option 1.
In addition to the initial access parameters in the minimum SI, gNB can utilise other SI for broadcasting other, dedicated numerology information to UEs. For example, gNB may choose to configure additional PRACH numerology which corresponds to a numerology being used for a particular service type in the user plane. 
SI may also be used to indicate dedicated numerology for the time/frequency resource location of NR-PDCCH, for separation of paging resources. This may be beneficial for reducing operational cost. However, from gNB point of view, overhead may increase due to the added contents of other SI.
Observation 4.	If gNB broadcasts information on dedicated numerology sets via SI (option 1), UE can access the gNB for paging or random access using the dedicated numerology set corresponding to its service. This may reduce implementation/operational cost, but overhead due to the configuration in other SI increases.

Option 2.
In the meantime, if there can be multiple PRACH numerologies, there is also the possibility of using paging signalling to indicate service type of pending mobile-terminating data and/or information for configuring dedicated numerology set, enabling UE to select an appropriate RACH resource. 
In this case paging can be received via default numerology set used for MSI and OSI. Therefore there would not be SI overhead related to numerology configuration. It would also be better for UE to monitor just one default numerology for paging from the network, compared to monitoring multiple resource locations. 
Observation 5.	gNB can indicate information on 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 is reduced.

Option 3.
Another option is for RAR to indicate dedicated numerology information for Msg3, resource grant for which is provided in RAR. This implies that gNB is able to distinguish UE’s intended service once it has detected the reception of random access preamble (RAP). After UE transmits the RAP, it may monitor control channel for RAR on the default numerology. However change of numerology during random access & connection establishment may cause 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.
gNB needs information on UE demand, such as service or slice of UE, in order to determine a proper dedicated numerology set for the UE. RAP transmission seems to be the only way to indicate UE demand: the logical separation of preambles or PRACH resource may be required.
Observation 6.	Numerology re-configuration during random access and connection establishment procedure may impact requirements on UE complexity, overhead and C-plane latency.
Observation 7.	To support numerology configuration before Msg3 and Msg4, logical separation of preamble/PRACH resource may be considered.

Option 4.
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. 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.
If sufficient resources can be granted for Msg3 transmission, UE may include its requested numerology information in Msg3 (or, it could at least indicate the service type for which the UE is requesting the RRC connection). Since Msg4 is used for contention resolution and also for setting up a dedicated radio bearer for UE, it may be beneficial for configuring dedicated numerology sets in advance, prior to receiving RRC Reconfiguration message for DRB setup.
Observation 8.	In case of the default numerology being used for PRACH, requesting numerology-specific information in Msg3 is supported, which does not impact the conventional initial access procedure.

Proposal 2.	The necessity of configuring dedicated numerology for random access procedure should be discussed if service-specific C-plane latency constraint is considered; otherwise, a default numerology set for random access procedure is taken as a baseline.
Proposal 3.	RAN1/2 should strive to minimise UE capability required for synchronisation signal detection, minimum/other/on-demand SI acquisition, and paging, as well as the capability to acquire the dedicated numerology set during those procedures.

Conclusion
In this contribution the following observations and proposals are made:
Observation 1.	There is a default numerology set used by UE in the downlink, derived from the NR-xSS numerology and used by gNB to deliver at least some of the MSI on PBCH. If network indicates other numerologies in addition to the default set, those numerologies are referred to a dedicated numerology set.
Observation 2.	Remaining MSI and other SI are transmitted via shared downlink channel (NR-PDSCH) whose scheduling information is transmitted via NR-PDCCH.
Observation 3.	Opportunities for gNB to send information to UEs include SI, paging and RRC Connection Setup (Msg4). For RRC-CONNECTED UEs, UE-dedicated signalling is used.
Observation 4.	If gNB broadcasts information on dedicated numerology sets via SI (option 1), UE can access the gNB for paging or random access using the dedicated numerology set corresponding to its service. This may reduce implementation/operational cost, but overhead due to the configuration in other SI increases.
Observation 5.	gNB can indicate information on 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 is reduced.
Observation 6.	Numerology re-configuration during random access and connection establishment procedure may impact requirements on UE complexity, overhead and C-plane latency.
Observation 7.	To support numerology configuration before Msg3 and Msg4, logical separation of preamble/PRACH resource may be considered.
Observation 8.	In case of the default numerology being used for PRACH, requesting numerology-specific information in Msg3 is supported, which does not impact the conventional initial access procedure.

Proposal 1.	Network aligns the type of numerology between SI and RA procedures.
Proposal 2.	The necessity of configuring dedicated numerology for random access procedure should be discussed if service-specific C-plane latency constraint is considered; otherwise, a default numerology set for random access procedure is taken as a baseline.
Proposal 3.	RAN1/2 should strive to minimise UE capability required for synchronisation signal detection, minimum/other/on-demand SI acquisition, and paging, as well as the capability to acquire the dedicated numerology set during those procedures.
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