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Introduction
During last RAN4#91 meeting (Reno), number of contributions on the 7 – 24 GHz deployment scenarios were treated [1, 2, 3], with the WF agreed in [3]. One of the items listed was the consideration of the “Aggregated system bandwidth, also considering CA and DC deployments”.
In this contribution analysis of the aggregated system bandwidth for 7 – 24 GHz is provided, considering single carrier, CA and DC features. Related TP to TR is also provided in separate contribution.
Discussion
Aggregated system bandwidth 
Analysis of the aggregated system bandwidth was based on the TR 38.913 [4] where NR deployment scenarios were analysed in Rel-14 study. For the range of scenarios, number of proxy/example carrier frequencies were selected as 700 MHz, 4 GHz, 30 GHz, or 70 GHz. Based on the analysis of assumptions for various NR deployment scenarios, it was found that the following values of the aggregated system bandwidth were assumed for NR: 
· 700 MHz: aggregated system bandwidth ≤ 20 MHz
· 4 GHz: aggregated system bandwidth ≤ 200 MHz
· 30 GHz: aggregated system bandwidth ≤ 1 GHz
· 70 GHz: aggregated system bandwidth ≤ 1 GHz
As 7 – 24 GHz range fits between 4 GHz and 30 GHz carrier frequencies, the first approximation of the (upper bound of the) aggregated system bandwidth for 7 – 24 GHz can be estimated as the range composed of the values for 4 and 30 GHz, i.e.:
{200 ÷ 1000} MHz. 
Observation 1: based on the analysis of the NR deployments in Rel-14 TR 38.913, the first approximation for the (upper bound of the) aggregated system bandwidth for 7 – 24 GHz operation can be derived as a range of values: {200 ÷ 1000} MHz.  
Referring to the list of the bands of interest (as discussed in details in [6]), it can be further observed that widths of those bands are from the range: {280 ÷ 1670} MHz. 
Table 1: Preliminary summary of the frequency bands of interest, as summarized in [6]
	Source
	Frequency range of interest (GHz)
	Width of the band (GHz)
	Region, applicability

	
	min
	max
	
	

	Operator #1
	7,125
	8,5
	1,375
	Region 1/ Europe

	
	21,4
	22
	0,6
	

	Operator #2
	10,7
	11,7
	1
	Region 1/ MENA 

	Operator #3
	12,2
	12,7
	0,5
	Region 2/ USA 

	ETNO
	6,425
	7,125
	0,7
	Region 1/ Europe

	
	14,3
	15,35
	1,05
	

	GSMA 
	7,125
	8,5
	1,375
	Global 

	
	10,7
	11,7
	1
	

	
	14,3
	15,35
	1,05
	

	SADC, EACO and ECCAS
	7,075
	8,5
	1,425
	Africa 

	
	8,5
	10
	1,5
	

	
	10
	10,5
	0,5
	

	
	14,8
	15,35
	0,55
	

	
	15,35
	15,63
	0,28
	

	
	15,63
	17,3
	1,67
	

	
	23,6
	24,25
	0,65
	

	
	
	
	
	

	
	
	min
	0,28 GHz
	

	
	
	max
	1,67 GHz
	



NOTE: list of the bands of interest is subject to further regional decisions during WRC-19 preparatory meetings.
Observation 2: Based on the preliminary summary of the bands of interest in 7 – 24 GHz range, it can be seen that the range of widths of the bands is in the same ballpark (i.e. {280 ÷ 1670} MHz range) as the NR aggregated system bandwidth in Observation 1.
Single carrier bandwidth
In this section we compare widths of the frequency bands/ranges for the FR1, FR2 and the 7 – 24 GHz range, further looking at the already defined NR channel bandwidths for FR1 and FR2. 
Referring to the discussion in previous section, it was observed that the preliminary summary of the widths of the bands of interest in 7 – 24 GHz range is within the range of {280 ÷ 1670} MHz. Comparison with FR1 and FR2 is presented below: 
Table 2: Comparison of the widths of the FR1/FR2 operating bands and 7-24 GHz ranges of interest
	Frequency range
	Minimum width of the operating band / frequency range of interest 
[MHz]
	Maximum width of the operating band / frequency range of interest
 [MHz]

	FR1
	5
	900

	7 – 24 GHz range
	280
	1670

	FR2
	850
	3250



The above comparison is used here to briefly discuss on the set of the NR channel bandwidths for potential future bands in 7 – 24 GHz range. Looking at the corner case conditions: 
· Narrowest width of the FR1 operating band: referring to the current list of FR1 operating bands, the narrowest has width of 5 MHz was defined for n51 and n76. Obviously, the only supported NR channel bandwidth for those bands is 5 MHz channel.
· Widest width of the FR2 operating band: the widest width of the FR2 band is 3250 MHz (for n258), which supports channel bandwidth of up to 400 MHz.
Table 3: NR channel BWs for n258
	NR band / SCS / BS channel bandwidth

	NR Band
	SCS
kHz
	50 MHz
	100 MHz
	200
MHz
	400 MHz

	n258
	60
	Yes
	Yes
	Yes
	

	
	120
	Yes
	Yes
	Yes
	Yes



Now looking at the table 2, it can be observed that MIN and MAX values of the widths of the 7 – 24 GHz frequency ranges of interest is larger than those for FR1, and smaller than those for FR2. In other words, it can be seen that for 7 – 24 GHz range:
Observation 3: based on the frequency ranges of interest, the following was observed for the NR channel bandwidths for potential future bands in 7 – 24 GHz range: 
1. There is no obvious need to introduce NR channel bandwidth which are narrower than the existing smallest 5 MHz
2. There is no obvious need to introduce NR channel bandwidth which are wider than the existing widest 400 MHz.
It shall be noted, that it does not preclude any additional NR channel bandwidth addition in future, e.g. based on the operators request. 
Discussion on the SCS and its related to the carrier BW is out of the scope of this contribution.
Carrier Aggregation
As 7 – 24 GHz range is considered to be a capacity booster due to its propagation characteristics, a typical envisioned CA scenario is expected to use component carriers from the 7 – 24 GHz range as the Secondary Serving Cells (while the Primary Serving Cells are expected to be allocated in FR1 operating bands). Therefore, carrier aggregation deployment is seen as suitable and applicable to 7 – 24 GHz deployment scenarios, considering both contiguous and non-contiguous spectrum allocations. 
Referring to TS 38.101-3, inter-band CA between FR1 and FR2 was considered in Rel-15. For inter-band NR CA between FR1 and FR2, a CA configuration is a combination of operating bands, each supporting a carrier aggregation bandwidth class as specified in clause 5.3A.5 of TS 38.101-1 and clause 5.3A.4 of TS 38.101-2 independently.
	5.2A.1	Inter-band CA between FR1 and FR2
NR carrier aggregation are designed to operate in the operating bands defined in Table 5.2A.1‑1. The band combinations include at least one FR1 operating band and one FR2 operating band.
Operating bands for CA including Band [n90] are defined by the corresponding operating bands for CA including Band n41 with Band [n90] replacing Band n41. For brevity the said operating bands for CA including Band [n90] are not listed in the tables below but are covered by this specification.
Table 5.2A.1-1: Band combinations for inter-band NR CA between FR1 and FR2
	NR CA Band
	NR Band

	CA_n1-n2571
	n1, n257

	CA_n8-n258
	n8, n258

	CA_n25-n2601
	n25, n260

	CA_n25-n2611
	[bookmark: OLE_LINK10]n25, n261

	CA_n41-n2601
	n41, n260

	CA_n41-n2611
	n41, n261

	CA_n71-n2571
	n71, n257

	CA_n71-n2601
	n71, n260

	CA_n71-n2611
	n71, n261

	CA_n77-n2571
	n77, n257

	CA_n77-n2581
	n77, n258

	CA_n78-n2571
	n78, n257

	CA_n78-n2581
	n78, n258

	CA_n79-n2571
	n79, n257

	CA_n79-n2581
	n79, n258

	NOTE 1:	Applicable for UE supporting inter-band carrier aggregation with mandatory simultaneous Rx/Tx capability.






It can be envisioned that additional combinations of FR1 and FR2 with the carriers from 7-24 GHz range can be introduced in future, e.g. 
1. FR1 component carrier(s) plus 7 – 24 GHz component carrier(s), or
2. 7 – 24 GHz component carrier(s) plus FR2 component carrier(s), or even
3. FR1 component carrier(s) plus 7 – 24 GHz component carrier(s) plus FR2 component carrier(s).
Following the above, the already defined UE RF capability 2-2 (i.e. simultaneous reception or transmission with same or different numerologies in CA) would also be applicable for the inter-band CA with the potential 7-24 GHz range bands. 
The above observation on the potential 7-24 GHz component carriers (bullets above) is obviously related to the discussion on the extensions of FR1 upper frequency and FR2 lower frequency. Potential FR1/FR2 extension or introduction of new FR range was not decided at this point of time. 
DC
Similar to CA and based on similar motivation of the 7-24 GHz range being the capacity booster, the Dual Connectivity deployment is seen as suitable and applicable to 7 – 24 GHz deployment scenarios. Referring to the 7 – 24 GHz deployment scenarios, DC is expected to be mostly applicable to outdoor scenarios, in particular to Dense urban and Urban macro. 
Referring to TS 38.101-3, large amount of configurations was already defined in Rel-15 the following inter-band DC configurations between FR1 and FR2: 
· Inter-band EN-DC (E-UTRA/NR Dual Connectivity) including FR1 and FR2
· Inter-band EN-DC configurations including FR1 and FR2 (three bands), e.g. DC_1A_n77A-n257A
· Inter-band EN-DC configurations including FR1 and FR2 (four bands), e.g. DC_1A-3A_n78A-n257A
· Inter-band EN-DC configurations including FR1 and FR2 (five bands), e.g. DC_1A-3A-5A_n78A-n257A
· Inter-band EN-DC configurations including FR1 and FR2 (six bands), e.g. DC_1A‑3A‑5A‑7A‑7A_n78A‑n257A
· Inter-band NR-DC (New Radio Dual Connectivity) between FR1 and FR2
· Inter-band NR-DC configurations between FR1 and FR2 (two bands), e.g. DC_n77A-n257A
NOTE: Referring to applicability of minimum requirements in TS 38.101-3, NR UE that supports inter-band NR-DC between FR1 and FR2 configuration shall meet the requirements for corresponding CA configuration, unless otherwise specified.
Furthermore, the already defined UE RF capability 2-4 (i.e. simultaneous reception and transmission for inter-band EN-DC (TDD-TDD or TDD-FDD)) would also be applicable for the inter-band EN-DC combinations including 7-24 GHz range carriers. Discussion on the duplex (TDD vs. FDD) for the 7-24 GHz range is out of scope of this contribution. 
Conclusions
Based on the discussion above, the following was observed for CS, CA and DC topics in relation to the aggregated system bandwidth: 
Observation 1: based on the analysis of the NR deployments in Rel-14 TR 38.913, the first approximation for the (upper bound of the) aggregated system bandwidth for 7 – 24 GHz operation can be derived as a range of values: {200 ÷ 1000} MHz.  
Observation 2: Based on the preliminary summary of the bands of interest in 7 – 24 GHz range, it can be seen that the range of widths of the bands is in the same ballpark (i.e. {280 ÷ 1670} MHz range) as the NR aggregated system bandwidth in Observation 1.
Observation 3: based on the frequency ranges of interest, the following was observed for the NR channel bandwidths for potential future bands in 7 – 24 GHz range: 
1. There is no obvious need to introduce NR channel bandwidth which are narrower than the existing smallest 5 MHz
2. There is no obvious need to introduce NR channel bandwidth which are wider than the existing widest 400 MHz.
Observation 4: It can be envisioned that additional combinations of FR1 and FR2 with the carriers from 7-24 GHz range can be introduced in future, e.g. 
1. FR1 component carrier(s) plus 7 – 24 GHz component carrier(s), or
2. 7 – 24 GHz component carrier(s) plus FR2 component carrier(s), or even
3. FR1 component carrier(s) plus 7 – 24 GHz component carrier(s) plus FR2 component carrier(s).
Observation 5: the already defined UE RF capability 2-2 (i.e. simultaneous reception or transmission with same or different numerologies in CA) would also be applicable for the inter-band CA with the potential 7-24 GHz range bands. 
Observation 6: similar to the observation 4 for CA, referring to the already defined large amount of inter-band EN-DC and inter-band NR-DC including FR1 and FR2, it is expected that the list of DC combinations would further grow with the introduction of new 7 – 24 GHz bands. 
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Annex A: extract from the UE RF feature list
Extract from the UE feature list for NR [5] is provided for reference, capturing features related to the NR CA and EN-DC operation. 
	WI
	#
	Feature group
	Need for gNB to know whether the
feature is supported by the UE
	Consequences if the feature
 is not supported by the UE
	Type
	Need of FDD/ TDD differ.
	Need of FR1/ FR2 differ.
	Remarks
	Recommendation for TSG-RAN
	TSG-RAN decision

	UE RF
	2-2
	Simultaneous reception or transmission with same or different numerologies in CA
	Yes
	UE does not support simultaneous reception or transmission with same or different numerologies in CA
	Type 3
	No need
	No need
	From RAN4 perspective UE shall be able to signal the supported SCS per CC for each band combination
Same numerology for intra-band NR CA including both continuous and non-continuous is mandatory support for Rel15
The capability of supporting SCS within the single carrier in the CA configuration will be signalled separately, i.e., there is no need to mandatory UE to support mixed numerologies in CA case
If a UE supports inter-band NR CA including both FR1 band(s) and FR2 band(s), the UE shall support two mixed numerologies between FR1 band(s) and FR2 band(s) in DL and UL with capability signaling
	

	Same numerology for intra-band NR CA including both continuous and non-continuous is mandatory with capability in both FR1 and FR2. Two mixed numerologies between FR1 band(s) and FR2 band(s) in DL and UL are mandatory with capability if UE supports inter-band NR CA including both FR1 band(s) and FR2 band(s). Optional for other cases.

	
	2-4
	Simultaneous reception and transmission for inter-band EN-DC (TDD-TDD or TDD-FDD)
	Yes
	UE does not support simultaneous reception and transmission for inter-band EN-DC (TDD-TDD or TDD-FDD)
	Type 3 (Per band combination)
	No Need
	No Need
	For TDD-FDD and TDD-TDD band combinations for which simultaneous RxTx capability is agreed to be supported, corresponding capability indication must be set to “supported”.
Band combinations for which simultaneous RxTx capability is mandatory EN-DC combinations (Both FR1 LTE – FR1 NR and FR1 LTE- FR2 NR) are captured in TS 38.101-3

	Mandatory/Optional support depends on band combination and captured in TS 38.101-3

	Mandatory/Optional support depends on band combination and captured in TS 38.101-3







Annex B: Derivation of the widths of the operating bands
In this annex, derivation of FR1 and FR2 operating bands widths was captured for reference. 
Summary of FR1 bands widths is captured below: 
	Source
	Frequency range of interest (GHz)
	Width of the band (UL+DL) (GHz)
	 

	
	UL
	DL
	
	

	n1
	1920 MHz – 1980 MHz
	2110 MHz – 2170 MHz
	120
	FDD

	n2
	1850 MHz – 1910 MHz
	1930 MHz – 1990 MHz
	120
	FDD

	n3
	1710 MHz – 1785 MHz
	1805 MHz – 1880 MHz
	150
	FDD

	n5
	824 MHz – 849 MHz
	869 MHz – 894 MHz
	50
	FDD

	n7
	2500 MHz – 2570 MHz
	2620 MHz – 2690 MHz
	140
	FDD

	n8
	880 MHz – 915 MHz
	925 MHz – 960 MHz
	70
	FDD

	n12
	699 MHz – 716 MHz
	729 MHz – 746 MHz
	34
	FDD

	n20
	832 MHz – 862 MHz
	791 MHz – 821 MHz
	60
	FDD

	n25
	1850 MHz – 1915 MHz
	1930 MHz – 1995 MHz
	130
	FDD

	n28
	703 MHz – 748 MHz
	758 MHz – 803 MHz
	90
	FDD

	n34
	2010 MHz – 2025 MHz
	2010 MHz – 2025 MHz
	15
	TDD

	n38
	2570 MHz – 2620 MHz
	2570 MHz – 2620 MHz
	50
	TDD

	n39
	1880 MHz – 1920 MHz
	1880 MHz – 1920 MHz
	40
	TDD

	n40
	2300 MHz – 2400 MHz
	2300 MHz – 2400 MHz
	100
	TDD

	n41
	2496 MHz – 2690 MHz
	2496 MHz – 2690 MHz
	194
	TDD

	n50
	1432 MHz – 1517 MHz
	1432 MHz – 1517 MHz
	85
	TDD

	n51
	1427 MHz – 1432 MHz
	1427 MHz – 1432 MHz
	5
	TDD

	n65
	1920 MHz – 2010 MHz
	2110 MHz – 2200 MHz
	180
	FDD

	n66
	1710 MHz – 1780 MHz
	2110 MHz – 2200 MHz
	160
	FDD

	n70
	1695 MHz – 1710 MHz
	1995 MHz – 2020 MHz
	40
	FDD

	n71
	663 MHz – 698 MHz
	617 MHz – 652 MHz
	70
	FDD

	n74
	1427 MHz – 1470 MHz
	1475 MHz – 1518 MHz
	86
	FDD

	n75
	N/A
	1432 MHz – 1517 MHz
	85
	SDL

	n76
	N/A
	1427 MHz – 1432 MHz
	5
	SDL

	n77
	3300 MHz – 4200 MHz
	3300 MHz – 4200 MHz
	900
	TDD

	n78
	3300 MHz – 3800 MHz
	3300 MHz – 3800 MHz
	500
	TDD

	n79
	4400 MHz – 5000 MHz
	4400 MHz – 5000 MHz
	600
	TDD

	n80
	1710 MHz – 1785 MHz
	N/A
	75
	SUL 

	n81
	880 MHz – 915 MHz
	N/A
	35
	SUL 

	n82
	832 MHz – 862 MHz
	N/A
	30
	SUL 

	n83
	703 MHz – 748 MHz
	N/A
	45
	SUL

	n84
	1920 MHz – 1980 MHz
	N/A
	60
	SUL

	n86
	1710 MHz – 1780 MHz
	N/A
	70
	SUL

	
	
	
	
	

	
	
	min
	5 MHz
	

	
	
	max
	900 MHz
	



Summary of FR2 bands widths is captured below: 
	Source
	Frequency range of interest (GHz)
	Width of the band (GHz)
	Duplex

	
	min
	max
	
	

	n257
	26,5
	29,5
	3
	TDD

	n258
	24,25
	27,5
	3,25
	TDD

	n260
	37
	40
	3
	TDD

	n261
	27,5
	28,35
	0,85
	TDD

	
	
	
	
	

	
	
	min
	0,85 GHz
	

	
	
	max
	3,25 GHz
	



