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1. Introduction

Band arrangements for 3.3-4.2 GHz and 4.4-4.99 GHz bands were agreed in previous meetings. Note that band numbering is discussed in another paper [1].
· Band n77: 3.3-4.2 GHz

· Band n78: 3.3-3.8 GHz

· Band n79: 4.4-4.99 GHz
This contribution discusses UE band specific requirements for Band n77 and n78 to complete the works by November.
2. Discussion
First of all, we like to share our intension for proposals in this contribution. Although the single band definition of 3.3-4.2 GHz was not accomplished as a result, we believe that there is still a possibility that Band n77 is used in other regions other than Japan (e.g., Europe, China) and vice versa (i.e., Band n78 is used in Japan) as long as their requirements (performances) such as REFSENS are (very close to) the same. Otherwise, it is expected that the fragmentation will become a problem and device costs will increase eventually. Therefore, we propose that RF requirements for Band n77 and n78 should be identical as much as possible. The specific proposals are described in this contribution.
Proposal 1: RF requirements for Band n77 and n78 should be identical as much as possible. The specific proposals are the below.
2.1. General requirements
Channel bandwidth

For single-carrier, RAN4 NR#2 approved UE channel bandwidths for each operating band based on operators’ requests.
Table 2.1-1: Agreed UE channel bandwidth in [2]

	NR Band
	Data SCS = 15kHz
	Data SCS = 30kHz
	Data SCS = 60kHz 
(for more than 1GHz bands)

	
	10
MHz
	15
MHz
	20
MHz
	[40
MHz]
	50
MHz
	10
MHz
	15
MHz
	20
MHz
	[40
MHz]
	50
MHz
	[60
MHz]
	80
MHz
	100
MHz
	10MHz
(NOTE)
	15
MHz
	20
MHz
	[40
MHz]
	50
MHz
	[60
MHz]
	80
MHz
	100
MHz

	3.3-4.2 GHz
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	NOTE: 90% spectrum utilization may not be achieved


For intra-band contiguous CA, it was agreed in [3] that “UE RF and performance requirements for 200MHz aggregated bandwidth should be introduced at least for Rel.15 NSA scenario”. On the other hand, the subsets are still FFS. Considering possible spectrum allocations and operations, we propose the following.
Proposal 2: Intra-band contiguous CA Class C for Band n77 and n78 should be specified with aggregated channel bandwidths of 120, 140, 150, 160, 180 and 200 MHz 
TX–RX frequency separation
Since these bands are TDD, the TX-RX frequency separation doesn’t have to be specified in TS 38.101. It is noted, however, that flexible duplex is under discussion in RAN1. When introduced, how to describe the duplex mode in TS 38.101 would need to be discussed generally (band agnostic).
EARFCN

If channel raster of 100 kHz is agreed for sub6 NR bands and the band numbering of “n77” and “n78” are agreed as proposed in [1], their EARFCN will be the following. If channel raster is to be 180 kHz, the corresponding EARFCN needs to be considered accordingly.
Table 2.1-2: EARFCN for NR bands (if channel raster of 100 kHz is agreed)
	Band
	FDL_low (MHz)
	NOffs-DL
	Range of NDL
	FUL_low (MHz)
	NOffs-UL
	Range of NUL
	BW
(MHz)

	74
	1475
	69036
	69036
	69465
	1427
	133572
	133572
	134001
	43

	75
	1432
	69466
	69466
	70315
	1432
	134002
	134002
	134851
	85

	76
	1427
	70316
	70316
	70365
	1427
	134852
	134852
	134901
	5

	n77
	3300
	70366
	70366
	79365
	3300
	134902
	134902
	143901
	900

	n78
	3300
	79366
	79366
	84365
	3300
	143902
	143902
	148901
	500

	n79
	4400
	84366
	84366
	90265
	4400
	148902
	148902
	154801
	590


2.2. Tx requirements

Maximum output power

The MOP requirements for Band 42 and 43 single-carrier were specified as 23 dBm +2/-3 dB for power class 3 based on simulation results shown in Table 2.1-1 [4, 5] in August 2011. 

Table 2.2-1.  Simulation results for combined Band 42 and Band 43 filter (extract from [5])
	
	Bandwidth
	Max IL (corner)
	2f0 rejection
	2.7 GHz rejection

	Design 7
	400 MHz
	1.9
	20 dB
	30 dB

	Design 8
	400 MHz
	2.3
	15 dB
	10 dB

	Design 9
	400 MHz
	2.0
	20 dB
	15 dB


When specifying MOP requirements of Band n77 and n78, the delta to be checked is IL impact of BPF due to the extension of pass-bandwidth. Such filter characteristics, however, had already intensively been discussed in the 3.5 GHz band arrangement discussions as shown in Table 2.2-2. 
Table 2.2-2.  Simulation results for Band n77 and n78
	Parameter
	Frequency range
	Vendor 1
	Vendor 2
	Vendor 3

	
	
	Band n78 BPF
	Band n77 BPF
	Band n78 BPF
	Band n77 BPF
	Band n78 BPF
	Band n77 BPF

	Insertion loss

(ETC)
	3300-3400 MHz
	1.1 dB
	1.1 dB
	2.0 dB
	2.0 dB
	1.9 dB
	1.9 dB



	
	3400-3800 MHz
	0.95 dB
	0.95 dB
	1.5 dB
	1.5 dB
	
	

	
	3800-4200 MHz
	-
	1.2 dB
	-
	
	-
	

	Attenuation

(Typ)
	698-2690 MHz
	35 dB
	39.8 dB
	45 dB
	45 dB
	51.8 dB
	50.5 dB

	
	5150-5925 MHz
	27.8 dB
	31.1 dB
	35 dB
	30 dB
	25 dB
	25.3 dB


With comparison between Table 2.2-1 and Table 2.2-2, we can conclude that there is no degradation of IL at ETC even with the extension. Therefore, we propose to specify the same MOP as that of Band 42 and 43 (i.e., 23 dBm +2/-3 dB) for Band n77 and n78 of power class 3.
Proposal 3: MOP should be specified as 23 dBm +2/-3 dB for Band n77 and n78 of power class 3

Additional spurious with NS

For co-existence for asynchronous operations in Band 42 and 43, there are additional spurious requirements for CBW of 5, 10, 15 and 20 MHz with NS_22, NS_23 and CA_NS_08 in TS 36.101. These discussions in the WF on B42 and B43 UE co-existence [6] were led by EU operators at that time. We are not sure if such additional spurious requirements for asynchronous operations for Band n78 of 3.3-3.8 GHz are required in Europe. If necessary, the same protection limits should also be specified for Band n77 for potential use of the band in Europe. Note that NS_22 and CA_NS_08 require completing A-MPR studies up to maximum (aggregated) bandwidths for NR by November. Therefore, if Band n78 specifies the corresponding protection limits of NS_22 and 23 within Rel-15 timeframe (if feasible), Band n77 should also introduce the additional requirements. If not specified for Band n78, such requirements should also not be introduced for Band n77.
Proposal 4: Whether additional spurious requirements for asynchronous operations in Band n77 should be introduced in Rel-15 follows the decision in Band n78.

For the altimeter protection, as mentioned in [7], technical studies on introduction of mobile communication systems including 5G in the frequency bands 3.6-4.2 GHz and 4.4-4.9 GHz are being conducted in Japan. According to results of these studies obtained so far, taking into account Recommendation ITU-R M.2059, it is observed that protection of radio altimeters (4.2-4.4 GHz) from aggregated interference by multiple LTE-Advanced stations (3.6-4.2 GHz and 4.4-4.9 GHz) are achieved by employing necessary separation distance and/or guard band. We consider that that the same observation will be obtained for the protection of radio altimeters from aggregated interference by multiple 5G-NR stations. Considering these situations, there is no need to specify A-MPR requirements associated with the protection of the radio altimeters for the operating bands in 3.3-4.2 GHz and 4.4-4.99 GHz, respectively.
Proposal 5: It is proposed in RAN4 not to specify additional requirements associated with the protection of the radio altimeters for Band n77, n78 and n79 respectively.
Tib,c
Delta values for LTE CA combinations including Band 42 were derived from triplexer characteristics which are summarized in TR 36.853-13 (Table 2.2-3 and 2.2-4 below). Although these tables have a shortage of information of IL at 3.3-3.4 GHz, the same Tib,c should be maintained for at least 3.4-4.2 GHz and operating bands below 2690 MHz. Necessity of additional relaxation for the range of 3.3-3.4 GHz will be discussed based on more input of filter data in the next meeting.
Table 2.2-3 (Table 6.24.4-1 in TR 36.853-13): Triplexer data without 1.5 GHz bands (ETC)
	Vendor
	Condition
	Low band
	Middle band
	High band

	
	
	~ 960 MHz
	1710-1920
	1920-2496
	2496-2690
	3400 MHz ~

	A
	ETC
	0.80 
	0.70 
	0.70 
	1.20 
	1.20 

	B
	ETC
	0.50 
	0.80 
	0.65 
	0.80 
	1.00 

	C
	ETC
	0.50 
	0.65 
	0.65 
	0.95 
	1.20 

	Ave
	ETC
	0.60 
	0.72 
	0.67 
	0.98 
	1.13 


Note 1:
Each triplexer data has at least 15 dB isolation between Low, Mid and High at ETC.

Table 2.2-4 (Table 6.24.4-2 in TR 36.853-13): Triplexer data with 1.5GHz bands (ETC) 
	Vendor
	Condition
	Low band
	Middle band
	High band

	
	
	~ 960
	1427.9-1447.9

(B11Tx)
	1447.9-1462.9

(B21Tx)
	1475.9-1495.9

(B11Rx)
	1495.9-1510.9

(B21Rx)
	1710-1920
	1920-2496
	2496-2690
	3400 ~

	A
	ETC
	0.8
	1.15
	1.05
	-
	0.95
	0.7
	0.7
	1.2
	1.2

	B
	ETC
	0.6
	0.95
	0.90
	0.85
	0.85
	0.65
	0.65
	0.80
	1.0

	C
	ETC
	0.65
	1.05
	1.0
	0.95
	0.90
	0.80
	0.80
	0.95
	1.2

	Ave
	ETC
	0.68
	1.05
	0.98
	-
	0.90
	0.72
	0.72
	0.98
	1.13


Note 2: 
Each triplexer data has at least 15 dB isolation between Low, Mid and High at ETC.
Note that we also showed in [8] that the extension is not large and the obtained RF characteristics for the LTE/NR band combinations including filters for Band 7/41 are still able to meet or very close to the component specifications required for LTE band combinations including Band 42. Hence, we propose the following.

Proposal 6: The same Tib,c values as those for LTE CA combinations including Band 42 should be applied for DC ones containing Band n77/n78 for operating bands below 2690 MHz and at least above 3.4 GHz
Ex: For LTE Band 19 + NR Band n77/n78, ΔTIB, c for LTE Band 19 = 0.3 dB and ΔTIB, c for Band n77/n78 = 0.8 dB (at least above 3.4 GHz).
Necessity of additional relaxation for the range of 3.3-3.4 GHz will be discussed based on more input of filter data in the next meeting
Spurious emission band UE co-existence
Since Band n77 and/or n78 will be used at least in Japan, bands operated in Japan need to be protected. In addition, protected bands required in Europe and China regions (i.e., operating bands specified for Band n78 of 3.3-3.8 GHz) should also be added for (potential) use of these bands. The specific bands to be protected will be determined according to the discussion for Band n78. As a consequence, required protected bands for Band n77 and n78 will be the same. Note that it was already agreed in [9] not to specify the co-existence requirement between 3.3-4.2 GHz (i.e., Band n77) and 4.4-4.99 GHz bands, which means that the co-existence will be guaranteed by the NR general emission requirements.
Table 2.2-5: Spurious emission band UE co-existence for Band n77 and n78
	NR band
	Spurious emission 

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	n77, n78
	E-UTRA Band 1, 3, 11, 18, 19, 21, 28, 34, 65
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	Frequency range
	945
	-
	960
	-50
	1
	

	
	Frequency range
	1884.5 
	- 
	1915.7 
	-41
	0.3
	PHS

	
	Frequency range
	2545
	-
	2575
	-50
	1
	

	
	Frequency range
	2595
	-
	2645
	-50
	1
	

	
	NR Band [n257]
	26500
	-
	29500
	TBD
	TBD
	

	
	(More bands to be added for other regions)
	
	
	
	
	
	


Proposal 7: Protected bands required for Band n77 should be the same as those for Band n78 (i.e., not only Japanese bands but also ones required for other regions such as Europe, China)
2.3. Rx requirements

Reference sensitivity

To identify the specific value, spectrum utilization, NF and required SNR at BB for NR are necessary. Among of them, we focus on NF including insertion loss of filter here since other parameters would be band agnostic which can be determined later in general discussions.
Based on Table 2.2-1 and 2.2-2, it seems that there is almost no difference between the BPF assumption for Band 42/43 and that for 3.3-4.2 GHz as with MOP. Therefore, we propose the following.

Proposal 8: REFSENS for Band n77 and n78 should be 1 dB larger than that of bands which have NR smallest sensitivity  (less RF challenges) such as Band n1. 
Rib,c
As with Tib,c the same values already specified for CA combinations including Band 42 should be applied for DC combinations including Band n77 and n78.

Proposal 9: The same Rib,c values as those for LTE CA combinations including Band 42 should be applied for DC ones containing Band n77/n78 for operating bands below 2690 MHz and at least above 3.4 GHz
Ex: For LTE Band 19 + NR Band n77/n78, ΔRIB, c for LTE Band 19 = 0 dB and ΔTIB, c for Band n77/n78 = 0.5 dB (at least above 3.4 GHz).
Necessity of additional relaxation for the range of 3.3-3.4 GHz will be discussed based on more input of filter data in the next meeting
MSD

We propose procedures to study the MSD in another paper. The details can be found in [10].
Out-of-band blocking

It is expected that Band n77 and n78 have the same assumption of LTCC filter as that for Bands 42 and 43 which are specified in TS 36.101, which means that range 3 of out-of-band blocking will be optimized accordingly. 
Proposal 10: Out-of-band blocking for Band n77 and n78 should be optimized with consideration of LTCC filter assumption (the detail will be discussed after the general OOBB requirement is fixed)
3. Conclusion

Based on the above, we propose the followings.
Proposal 1: RF requirements for Band n77 and n78 should be identical as much as possible. The specific proposals are the below.

Proposal 2: Intra-band contiguous CA Class C for Band n77 and n78 should be specified with aggregated channel bandwidths of 120, 140, 150, 160, 180 and 200 MHz 

Proposal 3: MOP should be specified as 23 dBm +2/-3 dB for Band n77 and n78 of power class 3

Proposal 4: Whether additional spurious requirements for asynchronous operations in Band n77 should be introduced in Rel-15 follows the decision for Band n78.

Proposal 5: It is proposed in RAN4 not to specify additional requirements associated with the protection of the radio altimeters for Band n77, n78 and n79 respectively.
Proposal 6: The same Tib,c values as those for LTE CA combinations including Band 42 should be applied for DC ones containing Band n77/n78 for operating bands below 2690 MHz and at least above 3.4 GHz

Ex: For LTE Band 19 + NR Band n77/n78, ΔTIB, c for LTE Band 19 = 0.3 dB and ΔTIB, c for Band n77/n78 = 0.8 dB (at least above 3.4 GHz).
Necessity of additional relaxation for the range of 3.3-3.4 GHz will be discussed based on more input of filter data in the next meeting
Proposal 7: Protected bands required for Band n77 should be the same as those for Band n78 (i.e., not only Japanese bands but also ones required for other regions such as Europe, China)

Proposal 8: REFSENS for Band n77 and n78 should be 1 dB larger than that of bands which have NR smallest sensitivity  (less RF challenges) such as Band n1. 

Proposal 9: The same Rib,c values as those for LTE CA combinations including Band 42 should be applied for DC ones containing Band n77/n78 for operating bands below 2690 MHz and at least above 3.4 GHz
Ex: For LTE Band 19 + NR Band n77/n78, ΔRIB, c for LTE Band 19 = 0 dB and ΔTIB, c for Band n77/n78 = 0.5 dB (at least above 3.4 GHz).
Necessity of additional relaxation for the range of 3.3-3.4 GHz will be discussed based on more input of filter data in the next meeting
Proposal 10: Out-of-band blocking for Band n77 and n78 should be optimized with consideration of LTCC filter assumption (the detail will be discussed after the general OOBB requirement is fixed)
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