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1 Introduction
At the previous meeting (RAN1 #86), it is agreed that a UE has one reference numerology in a given NR carrier which defines subframe duration for the given NR carrier, and  specification supports multiplexing numerologies in TDM and/or FDM within/across (a) subframe duration(s) from a UE perspective [1]. In this paper, the UE behavior on mixed numerologies is discussed aiming to answer the following questions:

1) How many kinds of numerology can a UE support? 

2) How the UE determine the numerology during initial access? 

3) How the UE determine the numerology during data transmission?
2 Numerology supported by a UE
Service

As discussed in[2], to efficiently support diverse services, such as eMBB, URLLC and mMTC, within one NR carrier, the numerology should be design independently for every service based on its requirement, such as latency and reliability requirement [3]. 
Carrier frequency
To efficiently support diverse carrier frequency by NR, different numerologies are required for different carrier frequency considering the impact of phase noise and Doppler shift[4]. 
To simplify the UE design and save the cost of UE without supporting all the numerologies supported by NR, several UE types could be defined based on the supported service and operating carrier frequency.
Proposal 1: Several UE types could be defined based on the supported service and operating carrier frequency.
3 Determination of numerology
3.1 Determination of numerology during initial access
Synchronization signals (SS)
From the UE perspective, there are 3 receiving alternatives about the numerology of SS [1], and the 3 alternatives are compared as listed in Table 1. Based on the comparison, for SS with common control plane latency requirement for all the services [2], Alt 1 with one frequency range depended numerology for SS should be supported for simple and forward compatible specification design. 
Table 1 Comparison of numerology alternatives for SS
	
	Alt 1 (one predefined numerology for a given frequency range)
	Alt 2 (Blind detection of multiple numerologies)
	Alt 3 (one predefined numerology for all frequency range)

	Specification design complexity 
	Simple with one numerology for a given frequency range.
	Complicated with multiple numerologies for a given frequency range.
	Simple with one numerology for a given frequency range

	Detection number on numerology
	One
	At least one
	One

	Forward compatibility when introducing new numerology
	Better by decoupling SS and numerology
	Introduce updated design 
	Better by decoupling SS and numerology

	Performance
	Better
	Better
	· Small SCS can hardly work with phase noise and Doppler shift in HF
· Larger SCS can hardly cover larger cell in LF


Proposal 2: For SS, one predefined numerology for a given frequency range should be supported from UE perspective.
System information
· MIB: From UE perspective, to reduce the MIB blind detection complexity for saving power and reducing initial access latency, it is preferred that the numerology used for MIB can be determined by that of SS, i.e., the numerologies of SS and MIB have fixed relationship. A straight way is that the system predefine that the numerologies used for SS and MIB are the same. 
· Control channel for SIBx: There are two alternatives for a UE to determine the numerology of control channel for one given SIB. 
· Alt 1 (Predefined): Using the predefined numerology by NR with the following options.

· Option 1: A predefined numerology that has fixed relationship with the numerology of SS/MIB
· Option 2: A set of numerologies are predefined, one of which is for one UE type. 
· Alt 2 (Indicated by gNB): The numerology of control channel for SIBx can be indicated by gNB with flexible numerology design, such as by MIB or another SIB. This option will introduce additional signaling overhead and may lead ambiguous reconfiguration period between gNB and UE.
· SIBx: For a UE, the above mentioned numerology determination alternatives for control channel for SIBx also can be used for SIBx. Furthermore, different alternative can be selected for different SIB, such as, SIB with common system information can select one predefined numerology, and SIB with numerology specific information can select the corresponding numerology. 
Random access
RACH procedure including RACH preamble (Msg. 1), random access response (Msg. 2), message 3, and message 4 is at least assumed for NR from RAN1 perspective [1]. UE can determine the numerology during random access procedure as described in the following:

· Preamble: For a UE, the available numerology of preamble can be predefined or indicated by gNB using the similar method above discussed for system information. And, UE can transmit preamble with at least one numerology based on the available numerologies and/or UE type. 
· RAR / Msg. 3 / Msg. 4: The numerology used for these messages can be predefined having a fixed relationship with that of  SS/MIB/preamble. Or, the numerology can be indicated by gNB, such as by SIB, RAR or control channel. In addition, the numerology of every message can be defined independently if necessary. 
· Control channel for random access: Similar method as discussed for control channel for SIBx.
Proposal 3: The numerology for broadcast and RACH Msg1-4 during initial access is proposed to be predefined and associated to early decoded channels/signals.
3.2 Determination of numerology during the data transmission
For the numerology used during data transmission, the following aspects could be studied for a given UE:
· Determination: The numerology could be signalled by gNB depending on UE type (service), deployment scenario and frequency spectrum as evaluated in [4]Then, UE can determine the numerology for data transmission by receiving
· Common signalling which indicating numerology for data transmission for different UE type,  such as SIBx or RAR
·  UE specific signalling, such as Msg.4 or RRC signalling.
· Adaptive numerology configuration: For a given UE, the numerology used for data transmission can be reconfigured by a gNB. For example:

·  For a given UE, gNB can indicate numerology switching semi-dynamically to the UE by signalling for a better performance when the following changes occur based on channel estimation or measurement [4]:

· Channel delay spread changes

· UE speed changes

· Operating carrier frequency changes

· Transmitted service changes, such as eMBB to URLLC
· Transmission mode changes, such as non-SFN to SFN

· Reciprocity for DL and UL
· Alt 1(The same): At least, the same numerology used for DL and UL data transmission should be supported. For TDD within one NR carrier, when the channel delay spread and Doppler shift are approximately the same, the selected numerologies for DL and UL data transmission are the same. Using the same numerology for downlink and uplink transmission may benefits the cross-link interference mitigation and cancellation schemes.
· Alt 2 (Configured independently): Furthermore, independent numerology configuration for DL and UL data transmission could be supported. For example, for FDD or DL and UL operated at different frequency carrier, the numerologies for DL and UL data transmission could be indicating independently.
Proposal 4: For a given UE, numerology used for data transmission could be signalled by gNB.

Proposal 5: For a given UE, adaptive numerology configuration can be indicated by gNB.
Proposal 6: For a given UE, the same numerology for DL and UL data transmission should at least be supported for TDD by NR.
4 Conclusion
Proposal 1: Several UE types could be defined based on the supported service and operating carrier frequency. 
Proposal 2: For SS, one predefined numerology for a given frequency range should be supported from UE perspective.
Proposal 3: The numerology for broadcast and RACH Msg1-4 during initial access is proposed to be predefined and associated to early decoded channels/signals.
Proposal 4: For a given UE, numerology used for data transmission could be signalled by gNB.

Proposal 5: For a given UE, adaptive numerology configuration can be indicated by gNB.
Proposal 6: For a given UE, the same numerology for DL and UL data transmission should at least be supported for TDD by NR.
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