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Discussion and Decision
1
Introduction
RAN4 meeting #82 in February 2017 sent an LS to RAN1 with the following content related to the different sub-carrier spacings under consideration [1]:
RAN4 thanks RAN1 for the LS (R1-1613748) on subcarrier spacing and carrier frequencies. The following agreements were made in RAN4 after discussion:

· For sub 6GHz

· 15kHz, 30kHz, and 60kHz are feasible SCS

· For above 6GHz

· RAN4 has not yet reached a decision on which SCS are feasible

· 60kHz, 120kHz and 240kHz are potential candidates for SCS

· Feasibility of 480kHz is FFS

· Evaluation of feasible SCS should be made based on the phase noise model(s), CBW, FFT size, service to support etc.

· Which of the above mentioned SCSs are supported for NR bands will be discussed in WI phase.

· SCSs mentioned above are not applicable to all bands 

Note: RAN4 discussion is for common or dedicated data channel and is not applicable for special channel such as PRACH or sync channel, which is dependent on RAN1 progress.
RAN4 meeting #82bis in April 2017 further narrowed down the candidates and provided the discussion outcome to RAN1 in a follow-up LS [2]:

RAN4 thanks RAN1 for the LS (R1-1613748) on subcarrier spacing and carrier frequencies. At RAN4#82 RAN4 sent an intermediate response to RAN1 in R4-1702019. The following further agreements were made in RAN4 at RAN4#82bis: 

· SCS supported for bands below 1 GHz

· 15kHz, 30kHz

· The decision of supporting 60kHz is pending RAN1 check

· SCS supported for bands between 1GHz and 6GHz

· 15kHz, 30kHz, 60kHz

· SCS supported for bands above 24GHz and below 52.6GHz

· 60 kHz, 120kHz

· 240kHz is not applicable for data

· 240kHz for data can be further considered if a clear benefit is shown 

· SCS support is band dependent
· RAN4 assumes others SCS at least for data may be added in a forward compatible manner in later releases
While the NR study item TR38.802 [3] captures the following agreement on slot durations:

A slot is defined as 7 or 14 OFDM symbols for the same subcarrier spacing of up to 60kHz with normal CP and as 14 OFDM symbols for the same subcarrier spacing higher than 60kHz with normal CP. A slot can contain all downlink, all uplink, or {at least one downlink part and at least one uplink part}. Slot aggregation is supported, i.e., data transmission can be scheduled to span one or multiple slots. 

As the symbol duration and thus the slot duration scales down when the sub-carrier spacing scales up, it is worth taking a new look at the time-domain scheduling and DL/UL switching intervals.
2
Minimum and maximum scheduling interval
One of the motivations to introduce slot aggregation is to deal with the short slot duration in case of high SCS. In table 1, the scheduling intervals originating from different slot aggregation levels used with different sub-carrier spacings and slot durations are collected. 
Table 1: Examples of differerent scheduling intervals with different slot aggregation levels (AL)
	Subcarrier spacing [kHz]
	15
	15
	30
	30
	60
	60
	120
	240 if supported

	Symbol duration [us]
	66.7
	66.7
	33.3
	33.3
	16.7
	16.7
	8.33
	4.17

	Nominal CP [us]
	4.7
	4.7
	2.3
	2.3
	1.2
	1.2
	0.59
	0.29

	Slot duration [symbols]
	14
	7
	14
	7
	14
	7
	14
	14

	Scheduling interval [ms]
	AL: 1 slot
	1
	0.5
	0.5
	0.25
	0.25
	0.125
	0.125
	0.0625

	
	AL: 2 slots
	2
	1
	1
	0.5
	0.5
	0.25
	0.25
	0.125

	
	AL: 4 slots
	4
	2
	2
	1
	1
	0.5
	0.5
	0.25

	
	AL: 8 slots
	8
	4
	4
	2
	2
	1
	1
	0.5

	
	AL: 16 slots
	16
	8
	8
	4
	4
	2
	2
	1


If 240 kHz SCS is adopted, the shortest TDD UL/DL switching interval without aggregation of slots would be 62.5 us (16 kHz switch rate). If the current RAN4 agreement holds and 240 kHz is not introduced for data, then the shortest TDD DL/UL switching interval is 125 us (8 kHz switch rate) with 120 kHz SCS and 14-symbol slot as well as with 60 kHz SCS and 7-symbol slot.
Proposal 1: In TDD operation, the maximum DL/UL switching rate is 8 kHz, and there is at most one DL/UL switch within a minimum scheduling interval for slot-based scheduling. I.e. if SCS of 240 kHz or higher is introduced, then slot aggregation is required.  
In addition, it is also possible to support slot aggregation over multiple of the minimum scheduling interval, potentially with up to one DL/UL switching point in each minimum scheduling interval. However, the number of slots to aggregate should remain reasonable. E.g. aggregation level 16 with 14-symbol slot leads to 224 symbols in a scheduling unit. Such long durations may be beneficial for some special cases, e.g. extreme coverage, but in general cases lead to excessively large scheduling unit and reduced flexibility/efficiency in scheduling and not really justified with overhead reduction.
Proposal 2: A slot-aggregate consist of 1, 2, 4 or 8 slots with the possibility to extend it to larger values in the future.
3
Conclusion
In summary, the following proposals are made:
Proposal 1: In TDD operation, the maximum DL/UL switching rate is 8 kHz, and there is at most one DL/UL switch within a minimum scheduling interval for slot-based scheduling. I.e. if SCS of 240 kHz or higher is introduced, then slot aggregation is required.  

Proposal 2: A slot-aggregate consist of 1, 2, 4 or 8 slots with the possibility to extend it to larger values in the future.

Table 2: Proposed scheduling intervals with different slot aggregation levels (AL)
Minimum scheduling intervals marked with red
	Subcarrier spacing [kHz]
	15
	15
	30
	30
	60
	60
	120
	240 if supported

	Symbol duration [us]
	66.7
	66.7
	33.3
	33.3
	16.7
	16.7
	8.33
	4.17

	Nominal CP [us]
	4.7
	4.7
	2.3
	2.3
	1.2
	1.2
	0.59
	0.29

	Slot duration [symbols]
	14
	7
	14
	7
	14
	7
	14
	14

	Scheduling interval [ms]
	AL: 1 slot
	1
	0.5
	0.5
	0.25
	0.25
	0.125
	0.125
	-

	
	AL: 2 slots
	2
	1
	1
	0.5
	0.5
	0.25
	0.25
	0.125

	
	AL: 4 slots
	4
	2
	2
	1
	1
	0.5
	0.5
	0.25

	
	AL: 8 slots
	8
	4
	4
	2
	2
	1
	1
	0.5

	
	AL: 16 slots
	Not supported
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