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Introduction
	In RAN2#97bis meeting, the following agreement was made [1].

	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.



	Agreements on MAC architecture:
-	A single DL-SCH can support transmissions using different numerologies and/or TTI duration per MAC entity
-	A single UL-SCH can support transmissions using different numerologies and/or TTI duration per MAC entity
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	Whether MAC layer is aware of the numerology 
=>	Key question is if there cases in which a logical channel should not be mapped to a numerology even though it is the same TTI length as another numerology



In this contribution, we discuss a numerology change and mixed numerologies.

Discussion
Numerology change
	In the last meeting, it was agreed that minimum system information is broadcasted using the default numerology per carrier frequency. In the idle mode, the MAC/PHY parameters are configured to receive the remaining minimum SI which is carried by NR-PDSCH using the default numerology. After completion of the random access procedure on initial access, the MAC/PHY parameters can be configured to receive unicast data which are carried by NR-PDSCH using another numerology. In this case, the UE is required to change or add numerology after the NW knows the UE's supported numerology, e.g. by UE capability. Although there are proposals to change numerology on early stage of initial access using the PRACH resource partition, if RACH partition for numerology detection is introduced, PRACH resources need to be prepared per numerology and per beam. It incurs extra resource for random access. Hence, we would prefer to use the default numerology during the random access procedure.

Proposal 1: Initial access, i.e. random access in idle mode, should be always on the default numerology.

	After the transition from the idle mode to the connected mode, it should be possible to change the numerology. In LTE, PHY parameters for each physical channel can be changed by using RadioResourceConfigCommon and PhysicalConfigDedicated. Hence, in NR, we can go the same way to configure numerology parameters. It should be discussed whether random access procedure is needed or not because current RadioResourceConfigCommon is included in MobilityControlInfo(MCI).

Proposal 2: RRC connection reconfiguration message is used to change numerology. FFS if random access procedure is needed to change numerology.

Mixed numerologies
1.1.1 Numerology/TTI duration information for higher layer configuration
	In the last meeting, it was agreed on the stage 3 discussion that a single DL-SCH can support transmissions using different numerologies and/or TTI duration per MAC entity and the mapping between logical channels and transport channels is the same as LTE.

To support a single DL-SCH/UL-SCH with mixed numerologies, RRC configuration should be able to add, remove, and modify numerology parameters. 

Proposal 3: RRC connection reconfiguration message is used to add/remove/modify numerology parameters.

The actual time of TTI duration can be calculated by the combination of the subcarrier spacing and the OFDM symbol number of one slot. In addition, TTI duration is changed if the slot aggregation is adopted.

To link the logical channel and the numerologies and/or TTI duration, there are following three options.
· If one logical channel and one or more numerology is linked directly, MAC may be aware of the numerology. (Figure 1(a))
· If only TTI duration is used to link between MAC and PHY, MAC may not be aware of the numerology. (Figure 1(b)) 
· If a plurality of the numerology has a same TTI duration, MAC may or may not be aware of the numerology. (Figure 1(c))


Figure 1 Linkage between the logical channel and the numerologies and/or TTI duration

Proposal 4: The relationship between the TTI duration and the numerology should be discussed.

1.1.2 Multiple numerologies per physical channel
	It was agreed that mixed numerologies on a single carrier are supported in connected mode. To support the mixed numerologies, UE should be able to select the numerology of each physical channel by the NW instruction. 
One possible scenario is that the multiple numerologies for each physical channel are semi-statically configured and one numerology is selected to transmit/receive each physical channel. RRC connection reconfiguration message can be used to semi-statically configure the parameters of the multiple numerologies similar to the case of the numerology change, and additionally, L3, L2, or L1 signalling can be used to switch a numerology for each physical channel. For switching the numerology, this scenario has the following two alternatives.

· Alt 1: For physical channels configured with multiple numerologies, a numerology could be switched per physical channel basis. (Figure 2(a))

· Alt 2: For physical channels configured with multiple numerologies, a numerology could be switched only per a set of numerologies of physical channels. (Figure 2(b))


Figure 2: Numerology selection alternatives

Observation 1: There are two alternatives to switch the numerology for the mixed numerology scenario.
· Alt 1: For physical channels configured with multiple numerologies, a numerology could be switched per physical channel basis.
· Alt 2: For physical channels configured with multiple numerologies, a numerology could be switched only per a set of numerologies of physical channels.


Table 1 shows pros and cons of alternative 1 and alternative 2

Table 1: Pros and Cons of alternatives
	
	Pros
	Cons

	Alt. 1
	Flexibility of the scheduling
	Overhead of the control signalling

	Alt. 2
	Less overhead of control signalling
	If the system needs a lot of combinations of each channel's numerology, the number of set would be also larger



	Based on the above analysis, we prefer the alternative 2 if the number of set is limited. In addition, to reduce the UE complexity, it should be clarified how many numerology set UE can support.

Proposal 5: Multiple set of the numerologies for physical channels, i.e. numerology set, are configured by RRC message. FFS which signalling is used to switch the numerology.

Proposal 6: RAN2 should discuss how many numerology set UE will support.

Conclusion 
In this contribution, we discuss a numerology change and mixed numerologies. We have the following proposals: 

Proposal 1: Initial access, i.e. random access in idle mode, should be always on the default numerology.

Proposal 2: RRC connection reconfiguration message is used to change numerology. FFS if random access procedure is needed to change numerology.

Proposal 3: RRC connection reconfiguration message is used to add/remove/modify numerology parameters.

Proposal 4: The relationship between the TTI duration and the numerology should be discussed.

Observation 1: There are two alternatives to select the numerology for the mixed numerology scenario.
· Alt 1: For physical channels configured with multiple numerologies, a numerology could be switched per physical channel basis.
· -	Alt 2: For physical channels configured with multiple numerologies, a numerology could be switched only per a set of numerologies of physical channels.

Proposal 5: Multiple set of the numerologies for physical channels, i.e. numerology set, are configured by RRC message. FFS which signalling is used to switch the numerology.

Proposal 6: RAN2 should discuss how many numerology set UE will support.
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