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1 Introduction
The 5G Study Item regarding the “Study on New Radio Access Technology” was approved at the 3GPP TSG RAN#71 meeting. It has the objective to be able to operate from sub 1 GHz to 100 GHz in a large variety of deployment scenarios in a single technical framework [1].

During RAN1#84 and RAN1#85, numerous proposals have been made and discussions happened towards a scalable numerology for a solution to meet this objective.
Tab. 1: Overview of proposed scaling methodologies

	Source
	Baseline subcarrier spacing ∆fsc
	Scaling factor N
	Cyclic prefix duration

	[2]
	17.5 kHz
	N = 2n with the integer number n
	The same for all symbols

	[3]
	15 kHz
	
	Cyclic prefix duration of 1st symbol of a slot may differ from cyclic prefixes durations of other symbols

	[4]
	
	N = 1, 2, 5
	


Although different numerology methodologies have been proposed as summarized in Tab. 1, the following working assumptions have been made in RAN1#85 [5]:
Working assumptions:
· RAN1 concludes on alternative 1 (15 kHz) as the baseline design assumption for the NR numerology
· RAN1 concludes on scale factors N =2n for subcarrier spacing as the baseline design assumption for the NR numerology

Regarding the NR frame structure, the following agreements were finalized in [6] and [7] respectively: 

Agreements:
· For the numerology with 15 kHz and larger subcarrier spacing, 1 msec alignment is supported.
Agreements:
· At least the following should be supported for NR in a frequency portion
· A time interval X which can contain one or more of the following

· DL transmission part

· Guard

· UL transmission part

· FFS which combinations are supported and whether they are indicated dynamically and/or semi-statically

· Furthermore, the following is supported

· The DL transmission part of time interval X to contain downlink control information and/or downlink data transmissions and/or reference signals

· The UL transmission part of time interval X to contain uplink control information and/or uplink data transmissions and/or reference signals

· FFS length(s) of time interval X
· FFS: other characteristics of time interval X
· Note: The usage of DL and UL does not preclude other deployment scenarios e.g., sidelink, backhaul, relay

Guard period:
A guard period is necessary to enable switching between the UL and DL directions, and to accommodate the time required to switch the analog beams in an above 6 GHz beam based link. Such guard periods can also be exploited for other purposes in New Radio such as timing adjustments, and symbol duration alignment.  

In this contribution, we propose keeping the cyclic prefix (CP) of the OFDM symbols on which further signal processing needs to be performed fixed to a common duration while the subcarrier spacing baseline of 15 kHz is still maintained. This is proposed to be achieved by introducing such a guard period(s) in the subframe. 

2 Guard period design for subframes with guard period
A subframe structure for use cases that require at least one guard period might look like shown in Fig. 1. A subframe contains at least one slot composed of an (initial) guard period followed by a number of symbols used for transmission in one direction and optionally followed by (an) additional slot(s). Each symbol including virtual symbol(s) in the guard period has a cyclic prefix (CP). In current LTE systems, each slot has 7 symbols, and the CP of the 1st symbol of a slot is composed of 160 samples, whereas the CP of all other symbols within the slot is composed of 144 samples, with the assumption of a sampling rate of 30.72 MSps and the normal cyclic prefix mode.
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Fig. 1: Potential subframe structure containing at least one guard period

Following the scaling methodologies mentioned in [3] and [4] and the agreement that 1 ms alignment shall be fulfilled with NR frame structure might lead to more than seven symbols per slot which may have the implication that every 7th symbol within a slot will have a different CP duration. For example, if a slot contains 14 symbols, then the 1st and 8th symbol will have the longer duration CP if we adhere to the LTE like numerology. As a consequence, the signal processing needs to recognize and process these different CP sizes within each slot. 
Observation 1:

Within one slot, different symbols can potentially have different CP durations.

The following proposals are made to overcome the issues of managing different CP durations during regular signal processing: 
Proposal 1:
Maintain CP duration to be constant for all symbols of a slot except for at most one special symbol and accumulate all the remaining samples to fulfil frame alignment requirement within this excess CP1 corresponding to the one special symbol.

Proposal 2:

The special symbol with excess CP1 is placed into the guard period of the slot, such that its excess CP duration is absorbed into the guard period of the slot.
In Tab. 2 we show with examples the construction of such slots with an initial guard period. The numerology is derived from the WF in [3] and [4] and we assume an FFT size of 2048 and 1200 occupied subcarriers. For the range of subcarrier spacings and scalable slot durations, we calculate the number of symbols per slot while maintaining the CP duration to be the same at 144 samples. It is noted that the leftover samples per slot for each numerology are denoted as excess CP1 and this excess CP1 will be absorbed into the guard period as per Proposals 1 and 2 above. 
Tab. 2: Example numerologies with excess CP1
	∆fsc [kHz]
	BW [MHz]

	Slot 
duration [ms]
	Sampling rate

[MSps]
	Symbol duration 
(w/o CP)

[us]
	CP
[Samples]
	CP [ns]
	Samples per slot
	Symbols per slot
	CP1
[Samples]

	CP1 [ns]


	15
	20
	0,500
	30,72
	66,67
	144
	4687,5
	15360
	7
	160
	5208,3

	30
	40
	0,250
	61,44
	33,33
	144
	2343,8
	15360
	7
	160
	2604,2

	60
	80
	0,125
	122,88
	16,67
	144
	1171,9
	15360
	7
	160
	1302,1

	75
	100
	0,100
	153,60
	13,33
	144
	937,5
	15360
	7
	160
	1041,7

	120
	160
	0,125
	245,76
	8,33
	144
	585,9
	30720
	14
	176
	716,1

	240
	320
	0,125
	491,52
	4,17
	144
	293,0
	61440
	28
	208
	423,2


3 Conclusions
In this contribution, we proposed a scalable frame structure that absorbs the excess samples into an excess cyclic prefix. In subframes with guard period, this excess cyclic prefix shall be placed into the guard period. This allows the cyclic prefix for all signal processing related symbols to have the same duration while the subcarrier spacing baseline of 15 kHz with power of 2 scaling and the agreed 1ms subframe(s) alignment are still maintained.
The following observations and proposals have been made:
Observations:
Observation 1:

Within one slot, different symbols can potentially have different CP durations.
Proposals:

Proposal 1:

Maintain CP duration to be constant for all symbols of a slot except for at most one special symbol and accumulate all the remaining samples to fulfil frame alignment requirement within this excess CP1 corresponding to the one special symbol.

Proposal 2:

The special symbol with excess CP1 is placed into the guard period of the slot, such that its excess CP duration is absorbed into the guard period of the slot.
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