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[bookmark: OLE_LINK10][bookmark: OLE_LINK11]This document discusses and proposes remaining numerology related aspects.

Discussion
Symbol alignment of different subcarrier spacings in normal CP family
The alignment among different subcarrier spacing of normal CP family was discussed in RAN1#85 but not yet concluded [1][2]. We propose to conclude this as the modification in the proposal in [1] as following. The modification is the proposal is restricted only within CP family and to clarify base numerology as LTE of normal CP. Such symbol alignment  simplifies the time multiplexing of the different subcarrier spacings with normal CP. 
[bookmark: _GoBack]- For scaled numerology Fs = F0*M of normal CP length, in the case where Base numerology contains N symbols per ms and scaled numerology contains N*M symbols per ms
- Each symbol length (including CP) of base numerology (w/ SCS = F0) equals the sum of the corresponding M symbols of scaled numerology (w/ SCS = Fs)
- Base numerology is LTE of normal CP.
Proposal 1: 
- For scaled numerology Fs = F0*M of normal CP length, in the case where Base numerology contains N symbols per ms and scaled numerology contains N*M symbols per ms
- Each symbol length (including CP) of base numerology (w/ SCS = F0) equals the sum of the corresponding M symbols of scaled numerology (w/ SCS = Fs)
- Base numerology is LTE of normal CP.

The support of other than normal CP length
One of the problem in LTE is extended CP is mandatory to all UE regardless of the operator's intention of the usage. Even if extended CP is not used in the real network, UE is required to implement and test it is required. We would like to avoid such situation.
On the other hand, from the network perspective, to support normal CP length only capable UE and multiple CP lengths capable UEs in the same carrier are difficult or inefficient. For initial PSS/SSS detection perspective, if the radio condition requires extended CP, ideally PSS/SSS should be also extended CP based.
If other than normal CP length is supported, we propose the support of other than normal CP length is band specific mandatory. Then within the same band, the capability of UEs regarding other than normal CP length is able to be aligned.
Proposal 2: 
If other than normal CP length is supported, the support of other than normal CP length is band specific mandatory to UE.

Alignment of different CP length
The alignment of different CP overhead was discussed in RAN1#86 and [3] proposed following.
· For CP overheads larger than zero, slot boundaries are aligned at the subframe boundary in case of:
· Potential different CP overheads with the same subcarrier spacing
· Potential different CP overheads with different subcarrier spacings
· FFS CP overhead equals to zero
· Note:  In the above, the slot duration is assumed no longer than the subframe duration
· Note: different CP overhead, e.g. normal CP and extended CP
We support the basic intention of the proposal but we were not ok with the formulation using the term usage of slot and subframe.  In time domain frame structure discussion, we propose slot length is 1ms, 0.5ms, and roughly 0.125 ms depending on the used subcarrier spacing. If other than normal CP is introduced, the slot boundary should be aligned among the same subcarrier spacing. It is not required to mention subframe here as proposed above. For different subcarrier spacing among normal CP, if proposal 1 is acceptable, there is no need to have additional agreements. Therefore, we propose following.
· Slot boundaries are aligned between normal CP and other than normal CP of the same subcarrier spacing.
Proposal 3: 
If other than normal CP length is supported, slot boundaries are aligned between normal CP and other than normal CP of the same subcarrier spacing.

Reference numerology
In the frame structure discussion, the term "reference numerology" is used as following.

	· A subframe duration is defined by the duration of x OFDM symbols given a reference numerology 
· With the same CP overhead, a single value of x is specified irrespective of the subcarrier spacing value chosen for the reference numerology
· This does not preclude multiple data transmission opportunities in time within a subframe duration
· This does not preclude multiple control transmission opportunities in time for both DL and UL within the subframe duration
· This does not preclude one data transmission to span over multiple subframe durations
· A UE has one reference numerology in a given NR carrier which defines subframe duration for the given NR carrier
· FFS: In a given NR carrier, whether different UEs may have different reference numerologies or may not
· Specification supports multiplexing numerologies in TDM and/or FDM within/across (a) subframe duration(s) from a UE perspective


From above agreement perspective, we are ok to fix reference numerology is always 15 kHz. This means the meaning of subframe is always 1ms.
On the other hand, RAN1 also made following agreements.
	· Subframe duration in ms for a reference numerology with subcarrier spacing (2m*15)kHz is exactly 1/2m ms


Therefore, to agree reference numerology is always 15 kHz does not ensure proposal 1 of symbol level alignment across different subcarrier spacings with the same CP overhead. Therefore, we propose to discard above agreement of the subframe and to conclude reference numerology as 15 kHz.
Proposal 4: 
To discard the agreement "subframe duration in ms for a reference numerology with subcarrier spacing (2m*15) kHz is exactly 1/2m ms" and to agree reference numerology is always 15 kHz. This means subframe length is always 1ms.

Conclusion
This document discussed the remaining aspect of the numerologies. We propose following.
Proposal 1: 
- For scaled numerology Fs = F0*M of normal CP length, in the case where Base numerology contains N symbols per ms and scaled numerology contains N*M symbols per ms
- Each symbol length (including CP) of base numerology (w/ SCS = F0) equals the sum of the corresponding M symbols of scaled numerology (w/ SCS = Fs)
- Base numerology is LTE of normal CP.
Proposal 2: 
If other than normal CP length is supported, the support of other than normal CP length is band specific mandatory to UE.
Proposal 3: 
If other than normal CP length is supported, slot boundaries are aligned between normal CP and other than normal CP of the same subcarrier spacing.
Proposal 4: 
To discard the agreement "subframe duration in ms for a reference numerology with subcarrier spacing (2m*15) kHz is exactly 1/2m ms" and to agree reference numerology is always 15 kHz. This means subframe length is always 1ms.
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