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1   Background
The demodulation performance requirements for LTE intra-band contiguous CA with minimum channel spacing, which apply for Band 41, were defined in section 8.2.2.8 of TS 36.101 as the request from operators [1~6] and the minimum channel spacing for LTE intra-band contiguous CA defined in section 5.7.1A of TS 36.101. Now the similar deployment requests for other bands from operators were observed. Based on the requests, we propose to introduce the demodulation performance requirements for intra-band contiguous CA with minimum channel spacing on other bands in this contribution.
2   Use cases for minimum channel spacing
2.1   Minimum channel spacing
The channel spacing for intra-band contiguous CA is defined as following in TS36.101 [7].

---------------------------------- Section 5.7.1A 36.101 -------------------------------------

5.7.1A
Channel spacing for CA

For intra-band contiguous carrier aggregation with two or more component carriers, the nominal channel spacing between two adjacent E-UTRA component carriers is defined as the following unless stated otherwise:
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where BWChannel(1) and BWChannel(2) are the channel bandwidths of the two respective E-UTRA component carriers according to Table 5.6-1 with values in MHz. The channel spacing for intra-band contiguous carrier aggregation can be adjusted to any multiple of 300 kHz less than the nominal channel spacing to optimize performance in a particular deployment scenario.
------------------------------------ Section 5.7.1A 36.101 ------------------------------------
As specified above, the channel spacing for intra-band contiguous CA can be reduced less than the nominal channel spacing by multiples of 300 kHz to fit the deployment need from operators better in certain bands. For example, the nominal channel spacing and the minimum channel spacing for 20MHz+20MHz and 20MHz+15MHz intra-band contiguous CA can be 19.8MHz/18.3MHz and 17.1MHz/15.9MHz respectively, as shown in Figure 1 below.
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Figure 1: Examples of the nominal and minimum channel spacing for 20MHz+20MHz and 20MHz+15MHz
In Table 1, we provide the nominal and minimum channel spacings for more band combiantions, from that we can know the advantage of minimum channel spacing is to save the guard band between two adjacent CCs and improve the spectrum efficiency. Furthermore, when the available spectrum is relatively limited, the minimum channel spacing provides a possible way to fit the available spectrum.
Table 1: Nominal and minimum channel spacing for more bandwidth combinations
	Channel bandwidth (MHz)
	Nominal channel spacing under non-CA

(MHz)
	Nominal channel spacing under intra-band contiguous CA
(MHz)
	Minimum channel spacing under intra-band contiguous CA
(MHz)

	CC#1
	CC#2
	
	
	

	3
	5
	4
	3.9
	3.9

	5
	5
	5
	4.8
	4.8

	5
	10
	7.5
	7.2
	6.9

	5
	15
	10
	9.3
	9.3

	5
	20
	12.5
	11.7
	11.4

	10
	10
	10
	9.9
	9.3

	10
	15
	12.5
	12.0
	11.4

	10
	20
	15
	14.4
	13.8

	15
	15
	15
	15.0
	13.8

	15
	20
	17.5
	17.1
	15.9

	20
	20
	20
	19.8
	18.3


2.2   Use cases
2.2.1   Fit limited available spectrum
In this section, we would like to provide a number of use cases where the non-CA with nominal channel spacing cannot fit the available spectrum while either the intra-band contiguous CA with nominal channel spacing or with minimum channel spacing can do it, and the intra-band contiguous CA with nominal channel spacing cannot fit the available spectrum while with the minimum channel spacing can do it. 

In Table 2, we provide the occupied spectrum including guard band for the different channel bandwidth combinations.

Table 2: Occupied aggregated channel bandwidth with nominal and minimum channel spacing

	Channel BW (MHz)
	Nominal channel spacing under non-CA(MHz)
	Occupied BW with non-CA and nominal channel spacing(MHz)
	Nominal channel spacing under intra-band contiguous CA (MHz)
	Occupied BW with intra-band contiguous CA  and nominal spacing (MHz)
	Minimum channel spacing under intra-band contiguous CA (MHz)
	Occupied BW with intra-band contiguous CA and minimum spacing (MHz)

	CC#1
	CC#2
	
	
	
	
	
	

	3
	5
	4
	8
	3.9
	8
	3.9
	8

	3
	10
	6.5
	13
	6
	12.85
	6
	12.85

	3
	15
	9
	18
	8.4
	18
	8.4
	18

	3
	20
	11.5
	23
	10.5
	22.85
	10.5
	22.85

	5
	5
	5
	10
	4.8
	9.8
	4.8
	9.8

	5
	10
	7.5
	15
	7.2
	14.95
	6.9
	14.65

	5
	15
	10
	20
	9.3
	19.8
	9.3
	19.8

	5
	20
	12.5
	25
	11.7
	24.95
	11.4
	24.65

	10
	10
	10
	20
	9.9
	19.9
	9.3
	19.3

	10
	15
	12.5
	25
	12.0
	24.75
	11.4
	24.15

	10
	20
	15
	30
	14.4
	29.9
	13.8
	29.3

	15
	15
	15
	30
	15.0
	30
	13.8
	28.8

	15
	20
	17.5
	35
	17.1
	34.85
	15.9
	33.65

	20
	20
	20
	40
	19.8
	39.8
	18.3
	38.3


In Table 3 we list the available spectrum from operators on Band 1 and Band 3. As can be observed, for example, when 14.8MHz spectrum is available, the single carrier with 15MHz bandwidth cannot fit and the intra-band contiguous CA with 5+10 MHz aggregated channel bandwidth (where the occupied spectrum is 14.95MHz) and nominal channel space cannot fit too. But the intra-band contiguous CA with 5+10MHz aggregated channel bandwidth and minimum channel spacing (the mini 14.65MHz) can fit the available spectrum. The similar story for other available spectrums as listed in Table 3 is applied.
Table 3: Available spectrum that can be fit by intra-band contiguous CA with minimum channel spacing
	Region
	Country
	Bandwidth
(MHz)
	Band
	Achievable Intra-band contiguous CA combination

	Europe
	UK
	14.8
	Band1
	5+10 with minimum channel spacing

	West European Region
	Germany
	14.85
	Band1
	5+10 with minimum channel spacing

	Southern-East Asia
	Indonesia
	14.9
	Band1
	5+10 with minimum channel spacing

	CEE&Nordic European Region
	Austria
	19.6
	Band1
	10+10 with minimum channel spacing

	Southern Africa
	Zimbabwe
	14.8
	Band3
	5+10 with minimum channel spacing

	Central Asia & Caucasia
	Kyrgyzstan
	
	
	

	Middle East
	Pakistan
	
	
	

	Middle East
	Belarus
	
	
	

	Middle East
	Kyrgyzstan
	
	
	

	Southern-East Asia
	China (Macao)
	19.4
	Band3
	10+10 with minimum channel spacing

	Middle East
	United Arab Emirates
	19.6
	Band3
	10+10 with minimum channel spacing

	Southern-East Asia
	Laos
	
	
	

	West Europe
	France
	
	
	

	West Europe
	France
	24.9
	Band3
	5+20 with minimum channel spacing

	NorthEast Europe
	Poland
	29.7
	Band3
	15+15 with minimum channel spacing

	Central Asia & Caucasia
	Turkey
	29.8
	Band3
	10+20 with minimum channel spacing

	Middle East
	United Arab Emirates
	34.6
	Band3
	15+20 with minimum channel spacing

	Middle East
	United Arab Emirates
	39.6
	Band3
	20+20 with minimum channel spacing


Observation 1: Limited spectrum can be fully used with intra-band contiguous CA with minimum channel spacing for spectrum that cannot be fit with intra-band contiguous CA with nominal channel spacing.
2.2.2   Save valuable spectrum
As we can observe in Table 2, up to 1.5MHz spectrum, such as the aggregated channel bandwidth 20MHz+20MHz, can be saved by using intra-band contiguous CA with minimum channel spacing with 2 CCs, the saved spectrum can be used for other system like NB-IoT.
For intra-band contiguous CA with 3 CCs, more spectrum can be saved, such as total 160MHz spectrum, 100MHz is allocated for NR deployment with 30kHz SCS, the left 60MHz is allocated for LTE with 15kHz SCS, to avoid the interference between NR and LTE with different numerology, certain guard band needs to reserved, such as 5MHz, then the left 55MHz bandwidth can be used by 20MHz + 20MHz + 15MHz intra-band contiguous CA with norminal channel spacing, or 20MHz + 20MHz + 20MHz intra-band contiguous CA with minimum channel spacing with the saved 3.4MHz be used for guardband, thus the valuable spectrum can be fully used in such deployment scenarios, such solution can also be used in other similar coexistence scenarios with the certain guard needed.

Considering the available spectrum could be 35MHz or 40MHz, we also propose to consider those two cases when RAN4 defines the performance requirements.
Observation 2: Valuable spectrum, such as up to 1.5MHz for intra-band contiguous CA with 2 CCs, can be saved for other system by using intra-band contiguous CA with minimum channel spacing.
Observation 3: Intra-band contiguous CA with minimum channel spacing can be used in many coexistence scenarios with certain guard band needed. 
3   Discussion
3.1   Solutions to legacy UE

During the previous discussions, company’s main concern is the legacy UE on market that does not support minimum channel spacing cannot access the network properly. Actually it is not an issus in the real network, because UE will report the supported access stratum release in the UE capability reporing immediately after UE accesses the network by searching one feasible carrier, the latest release is Release 15 for LTE, if RAN4 defines the corresponding performance requirements from Release 17, then all UEs supporting less than Release 17 will not be allocated intra-band contiguous CA with minimum channel spacing any more after UE accesses the network by searching one carrier with nominimal channel spacing, otherwise carriers with minimal channel spacing can be allocated as SCells.

-- ASN1START

UE-EUTRA-Capability ::=


SEQUENCE {


accessStratumRelease


AccessStratumRelease,


ue-Category





INTEGER (1..5),


pdcp-Parameters




PDCP-Parameters,


phyLayerParameters



PhyLayerParameters,


rf-Parameters




RF-Parameters,


measParameters




MeasParameters,


featureGroupIndicators


BIT STRING (SIZE (32))




OPTIONAL,


interRAT-Parameters



SEQUENCE {



utraFDD






IRAT-ParametersUTRA-FDD



OPTIONAL,



utraTDD128





IRAT-ParametersUTRA-TDD128


OPTIONAL,



utraTDD384





IRAT-ParametersUTRA-TDD384


OPTIONAL,



utraTDD768





IRAT-ParametersUTRA-TDD768


OPTIONAL,



geran






IRAT-ParametersGERAN



OPTIONAL,



cdma2000-HRPD




IRAT-ParametersCDMA2000-HRPD

OPTIONAL,



cdma2000-1xRTT




IRAT-ParametersCDMA2000-1XRTT

OPTIONAL


},


nonCriticalExtension


UE-EUTRA-Capability-v920-IEs


OPTIONAL

}

AccessStratumRelease ::=


ENUMERATED {











rel8, rel9, rel10, rel11, rel12, rel13,











rel14, rel15, ...}
Observation 4: No problem for legacy UE that does not support minimal channel spacing to access the network if RAN4 defines the corresponding performance requirements applicable from Release 17.

3.2   Performance requirements
To verify whether UE can support the intra-band contiguous CA with minimum channel spacing, one set of demodulation performance is defined in Section 8.2.2.8 in TS36.101. But those requirements are applied only for Band 41, i.e., CA_41C and CA_41D. 

The details of the demodulation perforamnce requiremetns as shown in Table 8.2.2.8.1-2 below. The performance requirements with 2x20MHz and 3x20MHz by assuming the 18.3MHz channel spacing are specified for CA_41C and CA_41D respectively. and those requirements are applicable from Release 12 onwards.

---------------------------------- Section 8.2.2.8.1 of 36.101 -------------------------------------
Table 8.2.2.8.1-2: Minimum performance (FRC) for intra-band CA with minimum channel spacing

	Test number
	Bandwidth
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	


	1
	2x20MHz


	R.9 TDD
	OP.1 TDD (Note 1)
	EVA5
	1x2 Low
	70
	17.16
	≥5

	
	
	R.9 TDD
	OP.1 TDD (Note 1)
	
	
	70
	17.16
	

	2
	3x20MHz


	R.9 TDD
	OP.1 TDD (Note 1)
	EVA5
	1x2 Low
	70
	17.16
	≥5

	
	
	R.9 TDD
	OP.1 TDD (Note 1)
	
	
	70
	17.16
	

	
	
	R.9 TDD
	OP.1 TDD (Note 1)
	
	
	70
	17.16
	

	Note 1:
The OCNG pattern applies for each CC.

Note 2: 
The applicability and test rules of requirements for different CA configurations and bandwidth combination sets are defined in 8.1.2.3.


---------------------------------- Section 8.2.2.8.1 of 36.101 -------------------------------------
Considering the deployment need for other bands as stated above, we propose to define the new demodulation performance requirements for intra-band contiguous CA with the minimum channel spacing that are applicable for all FDD bands. The proposed aggregated channel bandwidths as listed above include 5+10MHz, 5+20MHz, 10+10MHz, 10+20MHz, 15+15MHz, 15+20MHz and 20+20MHz.
Proposal: Define UE demodulation performance requirements for intra-band contiguous CA with minimum channel spacing for the aggregated bandwidth combinations of 5+10MHz, 5+20MHz, 10+10MHz, 10+20MHz, 15+15MHz, 15+20MHz and 20+20MHz.
4   Conclusion
In this contribution, we provide the use cases of minimum channel spacing for the FDD intra-band contiguous CA at least on Band 3. Based on the analysis of use case, our observations and propose are:
Observation 1: Limited spectrum can be fully used with intra-band contiguous CA with minimum channel spacing for spectrum that cannot be fit with intra-band contiguous CA with nominal channel spacing.
Observation 2: Valuable spectrum, such as up to 1.5MHz, can be saved for other system by using intra-band contiguous CA with minimum channel spacing.

Observation 3: Intra-band contiguous CA with minimum channel spacing can be used in many coexistence scenarios with certain guard band needed. 
Observation 4: No problem for legacy UE that does not support minimal channel spacing to access the network if RAN4 defines the corresponding performance requirements applicable from Release 17.
Proposal: Define UE demodulation performance requirements for intra-band contiguous CA with minimum channel spacing for the aggregated bandwidth combinations of 5+10MHz, 5+20MHz, 10+10MHz, 10+20MHz, 15+15MHz, 15+20MHz and 20+20MHz.
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