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1. Introduction
This contribution discusses issues related to the choice of sub-carrier spacing for NR. At RAN1#84bis the following alternatives were identified:-
· Alt.1: Subcarrier-spacing values include 15 kHz subcarrier-spacing (i.e., LTE based numerology) 
· Alt.2: Subcarrier-spacing values include 17.5 kHz subcarrier-spacing with uniform symbol duration including CP length 
· Alt.3: Subcarrier-spacing values include 17.06 kHz subcarrier-spacing with uniform symbol duration including CP length 
· Alt.4: Subcarrier-spacing values 21.33 kHz

2. Possible definitions of relevant concepts
The following terms are used in this contribution, and suitable definitions are proposed:
Resource Element (RE): Smallest amount of resource in time and frequency domain that can be allocated (similar to LTE). This could be fixed (i.e. so that 1 OFDM symbol and 1 sub-carrier would occupy 1 or more REs, or depend on the numerology (i.e. to correspond to 1 OFDM symbol and 1 sub-carrier).
Resource Block (RB): A defined number of REs in the time domain and frequency domain. The number of REs in a RB could be fixed, or depend on the numerology. The time duration of a resource block could be termed a “slot”, following LTE. Supporting a resource block size equal to or a sub-multiple of 180kHz in the frequency, and equal to or a sub multiple of 1ms in the time domain would simplify co-existence with legacy systems such as NB-IoT and LTE.
Subframe: Time unit for use as a general reference for various purposes such as describing timing of resource allocation, control channel signalling etc. A value of 1ms (or a sub-multiple of 1ms) would simplify interoperation with LTE. Fixing the subframe duration to be independent of sub-carrier spacing would allow mixing of numerologies on the same carrier. Alternatively a “slot” could be defined with fixed duration, and a subframe might be configurable and consist of one or mores lots. 
Minimum scheduling interval: The shortest possible time interval between each instance of control channel signalling carrying resource allocation signalling to a UE. This is one limiting factor determining the minimum latency value achievable.

3. Discussion
3.1  Some issues relevant to choice of sub-carrier spacing
· A sub-carrier spacing of around 15kHz has been effective for LTE
· A cyclic prefix per OFDM symbol is needed in order to mitigate effects of delay spread and allow for some timing errors or differences (e.g. for multi-site CA, or COMP)
· A long cyclic prefix compared to the symbol duration is undesirable because of the overhead (at least with typical receiver algorithms)
· Larger sub-carriers spacings are desirable for higher carrier frequencies (to mitigate effects of increased phase noise) and for larger bandwidths (to reduce FFT size).
· Sub-carrier spacings which are related to fundamental frequency by a power 2 of (e.g. 15kHz, 30kHz, 60kHz, or 7.5kHz, 3.75kHz) have some advantages in terms of implementation (e.g. FFT sizes) and resource allocation granularity. Note that the set of useful integer multiples (or submultiples) is likely to be quite small (e.g. 2, 4, ½, ¼ ).
· It is desirable (but not essential) to have an integer number of OFDM symbols per subframe. 
· Latency reduction (e.g. if introduced in Phase 2) could be achieved by reducing the duration of a subframe or allowing multiple scheduling/transmission/ack-nack opportunities within a subframe [1].
· If the subframe duration can be changed, it would not be desirable to link this with the sub-carrier spacing, otherwise it would be difficult to multiplex signals with different numerologies [2].
· An extended cyclic prefix (e.g. if introduced in Phase 2) could be supported by 
(1) Increasing the total symbol duration. This would lead to at least one of the following:-
· Increased duration of a subframe
· Reduced number of OFDM symbols in a subframe (like in LTE)
(2) Reducing the sub-carrier spacing. This would lead to at least one of the following (both of which would cause difficulties in multiplexing different numerologies in the frequency domain):-
· Increased bandwidth of a resource block
· Reduced number of sub-carriers in a resource block

3.2  Comparison of proposals for sub-carrier spacing
Here we consider some pros and cons on the alternatives based on the following values of sub-carrier spacing:
· 15kHz
· Pro: Same as LTE (simplifying implementation, and simulation)
· Pro: Compatible in the frequency domain with NB-IoT (i.e. the RB size can be the same as NB-IoT)
· Pro: Longer CP can be introduced by 
· Extended CP (reducing the number of symbols per subframe)
· Reducing the sub-carrier spacing
· Con: 1ms subframe of 14 symbols can be split into a maximum of two equal parts
· 17.5kHz
· Pro: 16 Symbols per 1ms subframe (allowing splitting the the subframe into 4 equal parts)
· Con: Not compatible in the frequency domain with NB-IoT (i.e. the RB size is different to NB-IoT)
· 17.06kHz
· Pro: 16 Symbols per 1ms subframe (allowing splitting the the subframe into 4 equal parts)
· Pro: Sampling rate aligned with legacy systems
· Con: Not compatible in the frequency domain with NB-IoT (i.e. the RB size is different to NB-IoT)
· 21.33 kHz
· Pro: 1024 point FFT can be used for 20MHz bandwidth
· Con: Not compatible in the frequency domain with NB-IoT (i.e. the RB size is different to NB-IoT)

Note that support for splitting a subframe into four equal parts may not be useful in TDD, without also being able to reduce the req
Based on the above we propose to adopt 15kHz sub-carrier spacing for NR evaluation

3.3  Frame structure considerations
Considering forwards compatibility, it would be desirable to be able to multiplex signals with different numerologies on the same carrier. It would also be desirable for a UE to be able to receive signals with different numerologies (e.g. from different transmission points). In order to have common frame work for describing the organisation of different signals, independent of the signals themselves or any particular transmission point, it would be helpful to define a time unit which can be independent of numerology. 
It is proposed to define such a time unit as a “subframe”. Possible durations of “subframe” would be 0.5ms or 1ms, for compatibility and interoperation with LTE. 
4. Conclusions
Based on the above, we propose the following:-
Proposal 1: 15kHz sub-carrier spacing is assumed for evaluation 
Proposal 2: The duration of a subframe is either
· Fixed at 1ms, or 0.5ms or
· Can be changed independently of the sub-carrier spacing
Proposal 3: The design for evaluation is under the assumption that if an extended CP is introduced (e.g. in Phase 2) this would increase the duration of an OFDM symbol and reduce the number of symbols per subframe.
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Annex 
Comparison of proposals
	Subcarrier spacing (kHz)
	15.00
	17.06
	17.50
	21.33

	Number of symbols per 1ms
	14
	16
	16
	20

	Symbol duration (us)
	71.43
	62.50
	62.50
	50.00

	CP (us)
	4.76
	3.88
	5.36
	3.12

	Number of subcarriers per RB
	12
	10
	10
	8

	RB (kHz)
	180.00
	170.60
	175.00
	170.64

	Efficiency
	0.93
	0.94
	0.91
	0.94

	System BW (MHz)
	20.00
	20.00
	20.00
	20.00

	Total sub-carriers
	1333
	1172
	1142
	937



Note: The RB size is chosen to be approximately the same as LTE
