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1 Introduction

This contribution discusses how to define the requirements for the new LTE FDD downlink only band on frequency range 716-728 MHz.
2 Discussion

2.1 Band numbering and frequency range for DL only band 
Currently 3GPP has different numbering spaces for FDD (paired spectrum) and TDD (unpaired spectrum). FDD numbering space is 1 – 32 and TDD numbering space is 33 – 64. Which one of these two groups LTE FDD downlink only band belongs to? The fact that this new band is only one block of spectrum favours TDD (unpaired spectrum) numbering scheme. On the otherhand as the DL singal will be FDD downlink singal it favours FDD (paired spectrum) numbering scheme. 
Third option is that we establish a new numbering space for the DL only bands. This approach would follow the tradition to group different types of bands into separate numbering groups. One logical numbering space could be from number 65 onwards. This would require an extention to RAN2 signaling as singaling is currently only able to address 64 different band numbers. This is not a major issue and needs to be fixed anyway in some point in time because band numbers run out eventually.
The WID [1] states that the new band will have frequency range of 716-728. There was a proposal in RAN4 meeting #59AH [2] that as the proposed frequency range is 12 MHz wide and the the channel bandwidths to be specified are 5 and 10 MHz there is a possibility to have guard band against band 12/17 UL which is located up to 715 MHz if the band is slightly reduced. The proposal in [2] was that the lower end of the band is changed to 717 MHz if 5 MHz channel bandwidths are used and if 10 MHz channel is used then lower band edge is 718 MHz. We also favour of using the excess part of spectrum as a guard band but our proposal is to have same frequency range for both 5 and 10 MHz chanell bandwidths i.e. 717 – 726 MHz. In our opinion the extra 1 MHz guard band achieved for 10 MHz channel bandwidth does not give that big advantage for UE filtering that is merits the complications it introduces into the specification.
Establishing a new badnd needs a change into the table 5.5-1 in [3]. We have drafted an example how the changed should be implemented based on our proposal above.

************************** Start of draft CR section *************************************************

 5.5
Operating bands

E-UTRA is designed to operate in the operating bands defined in Table 5.5-1.

Table 5.5-1 E-UTRA operating bands

	E‑UTRA Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	1
	1920 MHz 
	–
	1980 MHz 
	2110 MHz  
	–
	2170 MHz
	FDD

	2
	1850 MHz 
	–
	1910  MHz
	1930 MHz 
	–
	1990 MHz
	FDD

	3
	1710 MHz 
	–
	1785 MHz
	1805 MHz 
	–
	1880 MHz
	FDD

	4
	1710 MHz
	–
	1755 MHz 
	2110 MHz 
	–
	2155 MHz
	FDD

	5
	824 MHz
	–
	849 MHz
	869 MHz 
	–
	894MHz
	FDD

	61
	830 MHz
	–
	840  MHz
	875 MHz 
	–
	885 MHz
	FDD

	7
	2500 MHz
	–
	2570 MHz
	2620 MHz 
	–
	2690 MHz
	FDD

	8
	880 MHz
	–
	915 MHz
	925 MHz  
	–
	960 MHz
	FDD

	9
	1749.9 MHz
	–
	1784.9 MHz
	1844.9 MHz  
	–
	1879.9 MHz
	FDD

	10
	1710 MHz
	–
	1770 MHz
	2110 MHz 
	–
	2170 MHz
	FDD

	11
	1427.9 MHz 
	–
	1447.9 MHz 
	1475.9 MHz  
	–
	1495.9 MHz 
	FDD

	12
	699 MHz
	–
	716 MHz
	729 MHz
	–
	746 MHz
	FDD

	13
	777 MHz
	–
	787 MHz
	746 MHz
	–
	756 MHz
	FDD

	14
	788 MHz
	–
	798 MHz
	758 MHz
	–
	768 MHz
	FDD

	15
	Reserved
	
	
	Reserved
	
	
	FDD

	16
	Reserved
	
	
	Reserved
	
	
	FDD

	17
	704 MHz 
	–
	716 MHz
	734 MHz
	–
	746 MHz
	FDD

	18
	815 MHz
	–
	830 MHz
	860 MHz
	–
	875 MHz
	FDD

	19
	830 MHz
	–
	845 MHz
	875 MHz
	–
	890 MHz
	FDD

	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	FDD

	21
	1447.9 MHz
	–
	1462.9 MHz
	1495.9 MHz
	–
	1510.9 MHz
	FDD

	22
	3410 MHz
	–
	3490 MHz
	3510 MHz
	–
	3590 MHz
	FDD

	23
	2000 MHz
	–
	2020 MHz
	2180 MHz
	–
	2200 MHz
	FDD

	24
	1626.5 MHz
	–
	1660.5 MHz
	1525 MHz
	–
	1559 MHz
	FDD

	25
	1850 MHz
	–
	 1915 MHz
	1930 MHz
	–
	1995 MHz
	FDD

	...
	
	
	
	
	
	
	

	33
	1900 MHz
	–
	1920 MHz
	1900 MHz
	–
	1920 MHz
	TDD

	34
	2010 MHz
	–
	2025 MHz 
	2010 MHz 
	–
	2025 MHz
	TDD

	35
	1850 MHz 
	–
	1910 MHz
	1850 MHz 
	–
	1910 MHz
	TDD

	36
	1930 MHz 
	–
	1990 MHz
	1930 MHz 
	–
	1990 MHz
	TDD

	37
	1910 MHz 
	–
	1930 MHz
	1910 MHz 
	–
	1930 MHz
	TDD

	38
	2570 MHz 
	–
	2620 MHz
	2570 MHz 
	–
	2620 MHz
	TDD

	39
	1880 MHz 
	–
	1920 MHz
	1880 MHz 
	–
	1920 MHz
	TDD

	40
	2300 MHz 
	–
	2400 MHz
	2300 MHz 
	–
	2400 MHz
	TDD

	41
	2496 MHz
	
	2690 MHz
	2496 MHz
	
	2690 MHz
	TDD

	42
	3400 MHz
	–
	3600 MHz
	3400 MHz
	–
	3600 MHz
	TDD

	43
	3600 MHz
	–
	3800 MHz
	3600 MHz
	–
	3800 MHz
	TDD

	...
	
	
	
	
	
	
	

	65
	n.a.
	717 MHz
	–
	726 MHz
	DL only

	NOTE 1: Band 6 is not applicable


************************** End of draft CR section *************************************************

The WID [1] also includes a task to specify the band-combination specific RF requirements for the inter-band CA of scenario Band 2 + additional new 716-728 downlink.  Therefore a new CA band should be defined and a new CA configuration acronym is associated into it. These additions require a change into table 5.5A-2 in [3]. Assuming that DL only band is assigned with a band number 65 we have updated the CA operating band table in “draft CR” section.

************************** Start of draft CR section *************************************************

5.5A
Operating bands for CA

E-UTRA carrier aggregation is designed to operate in the operating bands defined in Tables 5.5A-1 and 5.5A-2.

Table 5.5A-1: Intra-band contiguous CA operating bands

	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_1
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz  
	–
	2170 MHz
	FDD

	CA_40
	40
	2300 MHz 
	–
	2400 MHz
	2300 MHz 
	–
	2400 MHz
	TDD


Table 5.5A-2: Inter-band CA operating bands

	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_1-5
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	

	CA_2-65
	2
	1850 MHz 
	–
	1910  MHz
	1930 MHz 
	–
	1990 MHz
	FDD + DL only

	
	65
	na
	717 MHz
	–
	726 MHz
	


************************** End of draft CR section *************************************************

2.2 Channel bandwidths per operating band and for CA

The WID [1] states that RF requirements for 5 and 10 MHz channel bandwidths needs to be created, this would require table 5.6.1-1 from   [2] to be updated as below.
************************** Start of draft CR section *************************************************

Table 5.6.1-1: E-UTRA channel bandwidth

	E-UTRA band / Channel bandwidth

	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	1
	
	
	Yes
	 Yes
	 Yes
	 Yes

	...
	
	
	
	
	
	

	43
	
	
	Yes
	Yes
	Yes
	Yes

	…
	
	
	
	
	
	

	65
	
	
	Yes
	Yes
	
	

	NOTE 1:
1 refers to the bandwidth for which a relaxation of the specified UE receiver sensitivity requirement (subclause 7.3) is allowed.


************************** End of draft CR section *************************************************
As already discussed the WID [1] contains also the interband CA part. Therefore the table 5.6A.1-2 in [3] needs also to be updated. The WID itself does not mention what are the channel bandwidths for band 2 required for the CA operation. Based on the feedback from the WI rapporteur we can note that these bandwidths are 5 and 10 MHz thus following “draft CR” can be created.
************************** Start of draft CR section *************************************************

Table 5.6A.1-2: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / Channel bandwidth

	CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	CA_1A-5A
	1
	
	
	
	Yes
	
	

	
	5
	
	
	
	Yes
	
	

	CA_2A-65A
	2
	
	
	Yes
	Yes
	
	

	
	65
	
	
	Yes
	Yes
	
	


************************** End of draft CR section *************************************************
2.2 Carrier frequency and EARFCN
New band needs a new E-UTRA absolute radio frequency channel numbering (EARFCN) space. Current channel numbering scheme is similar as the current band numbering scheme i.e. there are fixed numbering spaces reserved for FDD and TDD bands. FDD numbering space is 0 – 35 999 and TDD numbering space is 36000 – 65 536.

For DL only band numbering we proposed in chapter 2.1 that a new numbering space is established i.e band 65 is associated for this particular first DL only band. This required that RAN2 extends the band numbering space and the first new band number is reserved to this new DL band. Similarly we are proposing that EARFCN numbering space is extended and firs new EARFCN numbers are given to the new band. This requires a change to table 5.7.3-1 in [3]. See “draft CR” below
************************** Start of draft CR section *************************************************

Table 5.7.3-1: E-UTRA channel numbers

	E-UTRA Operating

Band
	Downlink
	Uplink

	
	FDL_low (MHz)
	NOffs-DL
	Range of NDL
	FUL_low (MHz)
	NOffs-UL
	Range of NUL

	1
	2110
	0
	0 – 599
	1920
	18000
	18000 – 18599

	…
	
	
	
	
	
	

	43
	3600
	43590
	43590 – 45589
	3600
	43590
	43590 – 45589

	…
	
	
	
	
	
	

	65
	717
	65537
	65537 – 65636
	n.a.
	n.a.
	n.a.

	NOTE: 
The channel numbers that designate carrier frequencies so close to the operating band edges that the carrier extends beyond the operating band edge shall not be used. This implies that the first 7, 15, 25, 50, 75 and 100 channel numbers at the lower operating band edge and the last 6, 14, 24, 49, 74 and 99 channel numbers at the upper operating band edge shall not be used for channel bandwidths of 1.4, 3, 5, 10, 15 and 20 MHz respectively.


************************** End of draft CR section *************************************************
2.3 Configured transmitter power for CA
As the new band is downlink only band it does not need any transmitter specifications. However as the band is used in CA mode with band 2 it has its implications into the tranmisison power of band 2. Band combination 2+65 can be catorised as Class A1 Low-High without harmonic relation. The framewoth for this interband CA class has been established for single UL operation. As band 65 cannot have UL the band combination 2 + 65 requirements are ready. Hence the band combination 2+65 requires a change to table 6.2.5A-3 in [3]. See draft CR below.
************************** Start of draft CR section *************************************************

For the UE which supports inter-band carrier aggregation configurations with uplink assigned to one E-UTRA band the ΔTIB,c is defined for applicable bands in Table 6.2.5A-3.
Table 6.2.5A-3: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_1A-5A
	1
	0.3

	
	5
	0.3

	CA_2A-65A
	2
	0.3

	
	65
	0.3


************************** End of draft CR section *************************************************
2.4 Reference sensitivity power level
UE reference sensitivity is determined mainly by the receiver noise figure and UL noise leaking into the reception band. As this band does not have own down UL it does not have Tx noise leaking into the receiver but it is to be used in CA mode with band 2. During CA operation band 2 is transmitting while band 65 is receiving but because the band 2 UL is more than 1 GHz away it we can be assumed that it does not leak any power band 65 reception band. 
Band 65 REFSENS can therefore be specified based on the receiver noise figure analysis as was also pointed out in [4]. Variation in receiver noise figure between the bands comes from FDD duplex-filter of TDD band pass filter. DL only band requires a band pass filter. How much this filter affects receiver noise figure is mainly determined by how much we want the filter to reject near-by interferers. More filtering means more filter insertion loss. Band 65 has challenging co-existence scenarions, see Figure 1.
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Figure 1 Lower 700 band arrengements
First co-ex scenario is between band 12/17 UL and band 65. If band 65 is operated with 5 MHz channel in D-block there is 1 MHz guard band between then Band 12/17 UL band 65. If band 65 is operated with 10 MHz channel then the guard band is either 1 or 2 MHz (we are assuming 717 – 726 MHz range as explained in chapter 2.1). Secon co-existense scenario is that band 65 is operated with 5 MHz D-block and Media-Flo/broadcasting signal is operated in E-Block. We are not sure if block-E has operational broadcast services but at least FCC regulation allows it to have cuurently. In this case there is no guard band between the band 65 and broadcast signal.

The co-ex situation for band 65 is actually very similar to band 12. Band 12 had E-Block broadcast interferer with 1 MHz guard band similarly as band 65 has band 12/17 UL interferer 1 MHz away. Band 65 has also the broadcast interferer 0 MHz away which makes situation worse than for band 12. However from filtering point of view the situation is same. There is no possibility to have filter attenuation for the first 0-1 MHz range hence it does not affect to filter insertion loss wheter the guard band is 0 or 1 MHz. Hence we are expecting that band 65 filtering will be similar to band 12 (or band 17 as has also challenging co-ex situation) and therefore the impact of filter insertion loss to to REFSENS will  be same as for bands 12 and 17. However this needs to be verified by gathering actual filtering information from filter vendors. But as the band 65 does not own UL transmitting same time the REFSENS requirement can be most likely tigntened compared to band 12/17. We are tentatively proposing 1 dB better REFSENS compared to bands 12/17.
************************** Start of draft CR section *************************************************

Table 7.3.1-1: Reference sensitivity QPSK PREFSENS 

	Channel bandwidth

	E-UTRA Band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex Mode

	1
	
	
	-100
	 -97
	-95.2 
	-94 
	FDD

	43
	
	
	-99
	-96
	-94.2
	-93
	TDD

	65
	
	
	[-98]
	[-95]
	
	
	

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5
NOTE 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1

NOTE 3:
The signal power is specified per port

NOTE 4:
For the UE which supports both Band 3 and Band 9 the reference sensitivity level is FFS.

NOTE 5:
For the UE which supports both Band 11 and Band 21 the reference sensitivity level is FFS.
Note 6:
6  indicates that the requirement is modified by -0.5 dB when the carrier frequency of the assigned E-UTRA channel bandwidth is within 865-894 MHz.


The reference receive sensitivity (REFSENS) requirement specified in Table 7.3.1-1 shall be met for an uplink transmission bandwidth less than or equal to that specified in Table 7.3.1-2.

NOTE:
Table 7.3.1-2 is intended for conformance tests and does not necessarily reflect the operational conditions of the network, where the number of uplink and downlink allocated resource blocks will be practically constrained by other factors. Typical receiver sensitivity performance with HARQ retransmission enabled and using a residual BLER metric relevant for e.g. Speech Services is given in the Annex X (informative).

For the UE which supports inter-band carrier aggregation configuration in Table 7.3.1A-2 with uplink in one E-UTRA band, the minimum requirement for reference sensitivity in Table 7.3.1-1 shall be increased by the amount given in ΔRIB,c in Table7.3.1A-2 for the applicable E-UTRA bands.
Table 7.3.1A-2:  ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c  [dB] 



	CA_1A-5A
	1
	0

	
	5
	0

	CA_2A-65A
	2
	0

	
	65
	0


************************** End of draft CR section *************************************************
2.5 In-band blocking
As was already discussed in chapter 2.4 the co-existence scenarios for band 65 are very similar to band 12 and 17. For bands 12 and 17 there has been seen a need to specify additional in-band blocking cases where the interferer is placed 9 or 10 MHz away from the band edge (Case 3 and 4 in table 7.6.1.1-2 in [2]). For band 12 there is interferers closer than 10 MHz i.e. the E block but as it is not possible to get help from duplex-filter for these extremely close frequencies this case was not specified. Hence the case 3 and 4 present the best possible in-band blocking performance achievable and therefore could be reused to guarantee best possible rejection for band 65 against band 12/17 UL, this would require a change to table 7.6.1.1-2 in [3].
************************** Start of draft CR section *************************************************

Table 7.6.1.1-2: In-band blocking

	E-UTRA band
	Parameter
	 Unit
	Case 1
	Case 2
	Case 3
	Case 4

	
	 PInterferer
	 dBm
	-56
	-44
	-30
	 [-30]

	
	FInterferer (offset)
	MHz
	=-BW/2 – FIoffset,case 1
&

=+BW/2 + FIoffset,case 1
	≤-BW/2 – FIoffset,case 2
&

≥+BW/2 + FIoffset,case 2
	-BW/2 – 15

&

-BW/2 – 9
	-BW/2 – 10

	1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 13, 14, 18, 19, 20, 21, 22, 23,

25, 26, 33, 34, 35, 36, 37, 38, 39, 40, 41
	FInterferer
	MHz
	(Note 2)
	FDL_low – 15

to

FDL_high + 15
	
	

	12
	FInterferer
	MHz
	(Note 2)
	FDL_low – 10

to

FDL_high + 15
	
	FDL_low – 10



	17, 65
	FInterferer
	MHz
	(Note 2)
	FDL_low – 9

to

FDL_high + 15
	FDL_low – 15

and

FDL_low – 9


	

	NOTE 1:
For certain bands, the unwanted modulated interfering signal may not fall inside the UE receive band, but within the first 15 MHz below or above the UE receive band 

NOTE 2:
For each carrier frequency the requirement is valid for two frequencies: 

a. the carrier frequency -BW/2 - FIoffset, case 1 and

b. the carrier frequency +BW/2 + FIoffset, case 1
NOTE 3:
FInterferer range values for unwanted modulated interfering signal are interferer center frequencies 

NOTE 4:
Case 3 and Case 4 only apply to assigned UE channel bandwidth of 5 MHz 


************************** End of draft CR section *************************************************
2.6 out-of band blocking

US bands 2, 5, 12, 17 have been specified with an additional blocking requirement for own UL band, the range 4 in table 7.6.2.1-2 in [3]. But as band 65 does not have own UL it is proposed that out of band blocking is specified as for non US bands i.e. range 1, 2 and 3. This required change for table 7.6.2.1-2 in [3]
************************** Start of draft CR section *************************************************

Table 7.6.2.1-2: Out of band blocking

	E-UTRA band
	Parameter
	Units 
	Frequency 

	
	
	
	range 1
	range 2
	range 3
	range 4

	
	PInterferer
	dBm
	-44
	-30
	-15
	-15

	1, 2, 3, 4, 5

6, 7, 8, 9, 10, 11, 12, 13, 14, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 65
	FInterferer (CW)


	MHz


	FDL_low  -15 to

FDL_low  -60 
	FDL_low  -60 to

FDL_low  -85 
	FDL_low  -85 to 

1 MHz
	-

	
	
	
	FDL_high +15 to

FDL_high + 60 
	FDL_high +60 to

FDL_high +85 
	FDL_high +85 to

+12750 MHz
	-

	2, 5, 12, 17
	FInterferer
	MHz
	-
	-
	-
	FUL_low - FUL_high

	NOTE 1:
For the UE which supports both Band 11 and Band 21 the out of blocking is FFS.


************************** End of draft CR section *************************************************
3 Conclusion

In this contribution we are presenting following proposals for approval for the new DL only band.

Proposal 1: The frequency range for the new DL only band is 717 MHz – 726 MHz
Proposal 2: The new DL only band is given a band number 65

Proposal 3: The EARFCN numbering space for DL only band will be 65537 – 65636
Proposal 4: An LS is sent to RAN2 informing that RAN4 has agreed the proposals 2 and 3
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