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Introduction
Two options have been considered for channel emulation for carrier aggregation according to [1]:
	Channel models emulation for NR FR2 intra-band CA case
· Option 1: For NR FR2 uncorrelated fading is applied to each carrier individually and the same path delay grid as agreed for single carrier operation is applied to each CC
· Option 2: NR FR2 correlated fading is applied for different carriers in case of intra-band CA (contiguous and non-contiguous CA). The maximum aggregated BW for the emulation of correlated fading for intra-band CA is [TBD]. 
· TE vendors are requested to provide the information the max aggregated BW for correlated fading emulation


This contribution analyses the implications of each of these options from the implementation point of view and reviews under which conditions correlated fading between carriers may be necessary.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Discussion
Implementation aspects of channel emulation options
Real implementations of either option 1 and option 2 present some limitations when emulating real scenarios:
· In option 1, separate fading channels are applied to each carrier. With this it is possible to have a different Doppler spectrum per carrier, which takes into account the difference between carrier frequencies, but the fading between component carriers will be uncorrelated.
· In option 2, a single fading channel is applied to all aggregated carriers. This achieves fading correlation between carriers but forces the same Doppler spectrum on all of them
Following sections quantify when correlation should be considered, and which is the Doppler frequency error for different carrier aggregation cases.
 Fading correlation between carriers
The fading correlation between carriers refers to the correlation between the response of the emulated channel at two different frequencies. That is characterized by the coherence bandwidth of the channel, which is inversely proportional to its delay spread:

When the separation between two frequencies is less than the coherence bandwidth, the channel responses at those two frequencies will be correlated, but if the frequency separation is larger than the coherence bandwidth, the correlation between the responses will be small. Therefore, the relationship between the coherence bandwidth and the frequency separation of the carriers should be used as a criterion to decide whether the correlation between the channels seen by to aggregated carriers will be significant or will be negligible so that emulating uncorrelated fading for each carrier is a reasonable approximation.
The delay spread values for the FR2 channel models remain undefined while for FR1 30 ns (for TDL-A), 100 ns (for TDL-B) and 300 ns (for TDL-C) were agreed according to [2]:
	Delay Spread (ns)
	Coherence BW (MHz)

	30.0
	33.3

	100.0
	10.0

	300.0
	3.3



In intra-band contiguous CA, it could be assumed that the minimum separation between subcarriers of different component carriers is twice the guard band for minimum channel bandwidth and minimum SCS and hence lower than the coherence BW if FR2 delay spread are defined not higher than FR1 ones and hence correlation between component carriers should be the recommendation.
	
	FR1
	FR2

	Minimum separation between subcarriers in different component carriers
	485 kHz

For SCS=15 kHz, CBW=5 MHz
	2420 kHz

For SCS=60 kHz, CBW=50 MHz



Doppler frequency error
Maximum Doppler frequency error is proportional to the maximum separation between subcarriers among all component carriers and inversely proportional to the carrier frequency.
	Maximum separation between subcarriers in the aggregated bandwidth
	FR1
	FR2

	Intra-band contiguous
	400 MHz (maximum aggregated BW for FR1, feasible in bands n77, n78 and n79)
	1200 MHz (for maximum aggregated BW for FR2, feasible at least in CA_n260C)

	Intra-band non-contiguous
	Not defined in Rel-15
Potentially it could get up to 900 MHz for band n77 taking into account all frequency bands defined for FR1 in Rel-15
	Not defined in Rel-15
Potentially it could get up to 3250 MHz for band n258 taking into account all frequency bands defined for FR2 in Rel-15

	Inter-band
	4075 MHz (for CA_n8A-n79A)
Potentially it could get up to 4383 MHz (for all NR frequency bands defined for FR1 in Rel-15Potential CA_n71A_n79A)
	Not defined in Rel-15
Potentially it could get up to 15750 MHz (for all NR frequency bands defined for FR2 in Rel-15Potential CA_n258A_n260A)



	Minimum carrier frequency
	FR1
	FR2

	Intra-band contiguous
	3300 MHz
(for frequency bands n77 or n78)
	24250 MHz 
(for frequency band n258)

	Intra-band non-contiguous
	
	

	Inter-band
	617 MHz 
(for frequency bands including n71)
	24250 MHz 
(for frequency bands including n258)



With that information we could make a worst-case analysis on percentage Doppler error and Doppler delta as shown in the following table:

	CA type
	Low band (MHz)
	Max band spacing (MHz)
	Speed (km/h)
	Doppler error (%)
	Speed low edge (km/h)
	Speed high edge (km/h)
	Doppler (Hz) (low edge)
	Doppler (Hz) (high edge)
	Doppler Delta (Hz)

	FR1 Intra-band contiguous
	3300
	400
	3
	5.71
	2.83
	3.17
	9.2
	10.3
	1.1

	
	3300
	400
	30
	5.71
	28.29
	31.71
	91.7
	102.8
	11.1

	
	3300
	400
	120
	5.71
	113.14
	126.86
	366.9
	411.4
	44.5

	
	3300
	400
	500
	5.71
	471.43
	528.57
	1528.8
	1714.1
	185.3

	FR1 Intra-band non-contiguous
	3300
	900
	3
	12.00
	2.64
	3.36
	9.2
	11.7
	2.5

	
	3300
	900
	30
	12.00
	26.40
	33.60
	91.7
	116.7
	25.0

	
	3300
	900
	120
	12.00
	105.60
	134.40
	366.9
	467.0
	100.1

	
	3300
	900
	500
	12.00
	440.00
	560.00
	1528.8
	1945.8
	417.0

	FR1 Inter-band
	617
	4383
	3
	78.03
	0.66
	5.34
	1.7
	13.9
	12.2

	
	617
	4383
	30
	78.03
	6.59
	53.41
	17.2
	139.0
	121.8

	
	617
	4383
	120
	78.03
	26.36
	213.64
	68.6
	555.9
	487.3

	
	617
	4383
	500
	78.03
	109.85
	890.15
	285.8
	2316.4
	2030.6

	FR2 Intra-band contiguous
	24250
	1200
	3
	2.41
	2.93
	3.07
	67.4
	70.7
	3.3

	
	24250
	1200
	30
	2.41
	29.28
	30.72
	674.1
	707.4
	33.4

	
	24250
	1200
	120
	2.41
	117.10
	122.90
	2696.3
	2829.7
	133.4

	FR2 Intra-band non-contiguous
	24250
	3250
	3
	6.28
	2.81
	3.19
	67.4
	76.4
	9.0

	
	24250
	3250
	30
	6.28
	28.12
	31.88
	674.1
	764.4
	90.3

	
	24250
	3250
	120
	6.28
	112.46
	127.54
	2696.3
	3057.7
	361.4

	FR2 Inter-band
	24250
	15750
	3
	24.51
	2.26
	3.74
	67.4
	111.2
	43.8

	
	24250
	15750
	30
	24.51
	22.65
	37.35
	674.1
	1111.9
	437.8

	
	24250
	15750
	120
	24.51
	90.58
	149.42
	2696.3
	4447.5
	1751.2



[bookmark: _GoBack]According to the percentage Doppler error frequency, Doppler error could be neglected without much impact for intra-band contiguous CA cases (especially if 500 km/h is not considered in FR1 nor 120 km/h in FR2). However, Doppler frequency errors could get too high in Inter-band cases and considerably high for intra-band non-contiguous. 
Hence in inter-band, the recommendation is to use independent fader per component carrier.
Conclusions
This contribution analyses the implications of correlation vs Doppler error from the implementation point of view and makes the following proposals:
Proposal 1: Use option 2 (single fading channel applied to all aggregated carriers) for intra-band contiguous CA in Rel-15.
Proposal 2: Use option 1 (uncorrelated fading applied to each carrier individually and the same path delay grid as agreed for single carrier operation is applied to each CC) for inter-band CA in Rel-15.
In case of intra-band non-contiguous, the impact of correlation will be different depending on location of each of the component carriers compared to coherence BW. For simplicity, the proposal done in this document is to follow the same approach as for inter-band
Proposal 3: Use option 1 (uncorrelated fading applied to each carrier individually and the same path delay grid as agreed for single carrier operation is applied to each CC) for intra-band non-contiguous CA in Rel-15.
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