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Introduction

This contribution focused on the impacts on BS RF requirement of new introduced numerology in R16 WID.

Similar as discussion in R14 FeMBMS, EVM window length in TS 36.104 Annex E should be updated considering

the introduction of the new 2.5KHz and 0.37KHz. 

Discussion 

2.1. Unit of Measurement and observation periods for EVM measurement

For 15KHz SCS, EVM measurement is calculated based on 1 subframe in time domain as measurement unit and

then average over all subframes in a measurement period at least 10ms for EVM smoothing due to some

ON-OFF/OFF-ON transition period in case. Basically speaking, 1ms observation period is used for timing/freq

estimation and channel estimation.  

For 15KHz SCS, one EVM measurement is calculated based on 168 REs and for evaluation of sample timing offset

in case of FFT window length of 2048 samples per OFDM symbol, 140 FFTs (14 per frame) covering 286720 out

the acquired number of samples (307200 samples in 10 subframes) are considered [1].

For 2.5KHz SCS as shown in Figure 1, one EVM measurement is calculated based on 144 REs where 180KHz over

1 subframe includes two slots and one symbol per slot and for evaluation of sample timing offset in case of FFT

window length of 12288 samples per OFDM symbol, 20 FFTs (2 per subframe) covering 245760 out the acquired

number of samples (307200 samples in 10 subframes) are considered.
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Figure 1. SCS 2.5KHz with CP 100us for mobility up to 250km/h

Taking into account that the number of REs associated to one EVM value and the FFT samples impacting estimation of the FFT window timing for 15 kHz and 2.5 kHz subcarrier spacing are of the same order of magnitude, it is proposed not to change the observation period and measurement intervals for EVM measurement for 2.5KHz SCS. 

Proposal 1: for 2.5KHz SCS, not to change the observation period and measurement intervals for EVM

measurement. 
For 0.37KHz SCS as shown in Figure 2, one EVM measurement is calculated based on 486 REs where 180KHz per OFDM symbol 3ms is considered and for evaluation of sample timing offset in case of FFT window length of 81920 samples per OFDM symbol, 3 FFTs per frame covering 245760 out the acquired number of samples (303104 samples in 10 subframes) are considered.

Taking into account that OFDM symbol duration of 0.37kHz SCS and the FFT samples impacting estimation of the FFT window timing for 15 kHz and 0.37 kHz subcarrier spacing are of the same order of magnitude, it is proposed not to change measurement intervals for EVM measurement for 0.37KHz SCS and change the observation period as 3ms. 
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Figure 2. 0.37KHz SCS with CP 300us for rooftop reception

Proposal 2: for 0.37KHz SCS, not to change measurement intervals for EVM measurement and change observation period from 1ms to 3ms. 

2.2. EVM window length 
Firstly the same BS RF requirement is maintained, therefore the same filter should be applied for new introduced numerology in principle. In addition for 2.5KHz SCS, taking into account that OFDM symbol and extended Cyclic Prefix duration for the new 2.5KHz SCS, 400 us and 100 us respectively shown in Table 1, are exactly 6 times the duration of OFDM symbol and extended CP specified for eMBMS 15 kHz sub-carrier spacing, 66.6 us and 16.7 us respectively, the same Ratio of EVM window to total CP is proposed to be adopted for the two sub-carrier spacing. For 0.37KHz SCS for rooftop reception, even though there are no such linearity between 15KHz and 0.37KHz, however as mentioned before, the same filter could also be applied for this case and the same window ratio could be achieved, therefore it’s proposed to have the same EVM window ratio for 2.5KHz and 0.37KHz as the 15KHz SCS with extended CP. 

Proposal 3: for 2.5KHz and 0.37KHz, propose to have the same EVM window ratio as LTE 15KHz SCS with extended CP.

	SCS
	OFDM duration [us]
	Extended CP duration [us]

	15KHz
	66.6
	16.7

	2.5KHz
	400
	100

	0.37KHz
	2700
	300


Table 1. Comparison between different numerology

Based on the above consideration on EVM window length, detailed calculation for PMCH FFT and CP FFT and EVM window are listed in the following table where R14 FeMBMS is also attached for reference and comparison on its underlying principles for FFT selection. 

Table 2. R14 FeMBMS 1.25KHz SCS
	BW [MHz]
	SCS [KHz]
	FFT2
	FFT_selected
	Ratio1
	CP [us]
	CP FFT
	CP FFT selected
	EVM window3
	EVM window ratio

	1.4
	1.25
	1120
	1536
	0.729166667
	200
	384
	384
	336
	87.5

	3
	1.25
	2400
	3072
	0.78125
	200
	768
	768
	696
	90.6

	5
	1.25
	4000
	6144
	0.651041667
	200
	1536
	1536
	1488
	96.9

	10
	1.25
	8000
	12288
	0.651041667
	200
	3072
	3072
	3000
	97.7

	15
	1.25
	12000
	18432
	0.651041667
	200
	4608
	4608
	4536
	98.4

	20
	1.25
	16000
	24576
	0.651041667
	200
	6144
	6144
	6048
	98.4

	Note 1: Ratio is FFT/FFT_selected to avoid too high FFT occupancy resulting in side truncation effect. 

Note 2 : FFT in the 3rd column is determined by BW/SCS.

Note 3: EVM window length should be even number, therefore some rounding adjustment is added.


Table 3. R14 FeMBMS 7.5KHz SCS
	BW [MHz]
	SCS [KHz]
	FFT2
	FFT_update
	Ratio1
	CP [us]
	CP FFT
	CP FFT update
	EVM window3
	EVM window ratio

	1.4
	7.5
	186.6666667
	256
	0.729166667
	33.3
	63.936
	64
	56
	87.5

	3
	7.5
	400
	512
	0.78125
	33.3
	127.872
	128
	116
	90.6

	5
	7.5
	666.6666667
	1024
	0.651041667
	33.3
	255.744
	256
	248
	96.9

	10
	7.5
	1333.333333
	2048
	0.651041667
	33.3
	511.488
	512
	500
	97.7

	15
	7.5
	2000
	3072
	0.651041667
	33.3
	767.232
	768
	756
	98.4

	20
	7.5
	2666.666667
	4096
	0.651041667
	33.3
	1022.976
	1024
	1008
	98.4

	Note 1: Ratio is FFT/FFT_selected to avoid too high FFT occupancy resulting in side truncation effect. 

Note 2 : FFT in the 3rd column is determined by BW/SCS.

Note 3: EVM window length should be even number, therefore some rounding adjustment is added.


R16 LTE based 5G terrestrial broadcast 

Table 4. R16 LTE based 5G terrestrial broadcast SCS 2.5KHz
	BW [MHz]
	SCS [KHz]
	FFT2
	FFT_update
	Ratio1
	CP [us]
	CP FFT
	CP FFT update
	EVM window3
	EVM window ratio

	1.4
	2.5
	560
	768
	0.729166667
	100
	192
	192
	168
	87.5

	3
	2.5
	1200
	1536
	0.78125
	100
	384
	384
	348
	90.6

	5
	2.5
	2000
	3072
	0.651041667
	100
	768
	768
	746
	96.9

	10
	2.5
	4000
	6144
	0.651041667
	100
	1536
	1536
	1500
	97.7

	15
	2.5
	6000
	9216
	0.651041667
	100
	2304
	2304
	2268
	98.4

	20
	2.5
	8000
	12288
	0.651041667
	100
	3072
	3072
	3024
	98.4

	Note 1: Ratio is FFT/FFT_selected to avoid too high FFT occupancy resulting in side truncation effect. 

Note 2 : FFT in the 3rd column is determined by BW/SCS.

Note 3: EVM window length should be even number, therefore some rounding adjustment is added.


Table 5. R16 LTE based 5G terrestrial broadcast SCS 0.37KHz 
	BW [MHz]
	SCS [KHz]
	FFT2
	FFT_update
	Ratio1
	CP [us]
	CP FFT
	CP FFT update
	EVM window3
	EVM window ratio

	1.4
	0.37
	3783.783784
	5120
	0.73902027
	300
	568.32
	570
	500
	87.5

	3
	0.37
	8108.108108
	10240
	0.791807432
	300
	1136.64
	1138
	1032
	90.6

	5
	0.37
	13513.51351
	20480
	0.659839527
	300
	2273.28
	2274
	2204
	96.9

	10
	0.37
	27027.02703
	40960
	0.659839527
	300
	4546.56
	4548
	4444
	97.7

	15
	0.37
	40540.54054
	61400
	0.66026939
	300
	6815.4
	6816
	6708
	98.4

	20
	0.37
	54054.05405
	81920
	0.659839527
	300
	9093.12
	9094
	8950
	98.4

	Note 1: Ratio is FFT/FFT_selected to avoid too high FFT occupancy resulting in side truncation effect. 

Note 2 : FFT in the 3rd column is determined by BW/SCS.

Note 3: EVM window length should be even number, therefore some rounding adjustment is added.


2.3. Estimation window/ Observation period 
For 2.5KHz SCS for support of mobility up to 250km/h, RS pattern is shown in the Figure 3.The timing error estimation could be conducted in the frequency domain via single symbol, therefore 1 symbol could be used to enable that function. For the frequency error estimation, it could be conducted via {1st symbol and 3rd symbol} or {2nd symbol and 4th symbol}, therefore based on the following RS illustration, maybe 4 symbols should be enabled for frequency error estimation which should be corresponding to 2 subframes (2ms).
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Figure 3. RS pattern of Df=2 and Dt=2 for the support of mobility up to 250km/h

For 0.37KHz SCS for support of rooftop reception, there are two types of MBSFN reference which is up to network configure and its applicability rule is still under discussion in RAN4. 

For type with Df=3 and Dt=2, similar mentioned for 2.5kHz SCS, timing error estimation could be conducted in frequency domain via single symbol, therefore 1 symbol could be used to enable that function. For the frequency error estimation, it could be conducted via {1st symbol 5rd symbol}, therefore based on the following RS illustration, maybe8 symbols should be enabled for frequency error estimation which should be corresponding to 8 subframes (24ms).
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Figure 4. RS patter for Df=3 and Dt=4 for rooftop reception

For type with Df=3 and Dt=2, for the frequency error estimation, it could be conducted via {1st symbol and 3rd symbol} or {2nd symbol and 4th symbol} , therefore based on the following RS illustration, maybe 4 symbols should be enabled for frequency error estimation which should be corresponding to 4 subframes (12ms).
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Figure 5. RS patter for Df=3 and Dt=2 for rooftop reception

Based on the above considerations, it’s proposed that 

For 2.5kHz, observation period for frequency error and timing error as 2ms;

For 0.37kHz with MBSFN type 1/2, observation period for frequency error and timing error as 12ms;

Proposal 4:  

For 2.5kHz, observation period for frequency error and timing error as 2ms;

For 0.37kHz with MBSFN type 1 observation period for frequency error and timing error as 24ms;

For 0.37kHz with MBSFN type 2 observation period for frequency error and timing error as 12ms.

Conclusions
In this contribution, we shared some further inputs on  definition and proposals are made as following:

Proposal 1: for 2.5KHz SCS, not to change the observation period and measurement intervals for EVM

measurement. 
Proposal 2: for 0.37KHz SCS, not to change measurement intervals for EVM measurement and change observation period from 1ms to 3ms. 

Proposal 3: for 2.5KHz and 0.37KHz, propose to have the same EVM window ratio as LTE 15KHz SCS with extended CP.

Proposal 4:  
For 2.5kHz, observation period for frequency error and timing error as 2ms;

For 0.37kHz with MBSFN type 1 observation period for frequency error and timing error as 24ms;

For 0.37kHz with MBSFN type 2 observation period for frequency error and timing error as 12ms.

References
R4-1701047, Evaluation of changes in 36.104 Annex E – Error Vector Magnitude, Ericsson

R4-200xxxx, CR to TS 36.104 : Introduction of LTE based 5G terrestrial broadcast numerologies
R4-200xxxx, CR to TS 36.101 : Introduction of LTE based 5G terrestrial broadcast numerologies
