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1 Background
In the LS [1] RAN2 has informed RAN4 about its discussions on modifications to NS values. The issue is that the behavior of a UE receiving a NS value that is 

1. defined for the cell band but for which there is currently no  requirement for the particular cell bandwidth  

2. or currently not defined for (the existing) bands 
is not specified in RAN2 specfications (“unexpected NS”)

In [2]  a way possible way is proposed by which a modified or new NS value is sent in either a new field in system information (see also [3][4]) or in the MFBI (the IE MultiBandInfoList), while NS_01 is sent in the legacy field to ensure that legacy UEs will camp on and connect to the cell. Hence multiple NS can be sent in a cell. Use of the MFBI is a neat solution that eliminates the need for additional signaling elements, but requires that the priority mechanism for the MFBI is modified. According to the existing MFBI mechansim the UE must apply the band number and the corresponding NS sent in the legacy fields, if this band is supported.
Concern was raised in RAN4 with sending NS_01 in the legacy field since this may allow UE to violate regulatory requirements in some regions. This could be resolved by associating an operating band with more than one frequency band indicator as discussed in [5], whereby the operating band would be referred to with a single “band number” but be indicated in SIB1 by multiple FBIs (legacy FBI field and FBI fields of MFBI). These “alternative FBIs” for an operating band would only be known by new UEs. If indicated in the legacy SIB1 field, the legacy UE (not recognizing and hence not supporting this FBI value) will consider the cell barred. In this contribution we discuss further the concept and illustrate the changes needed in 36.101 to support the concept. We also briefly discuss the changes needed in RRC signaling. 
2 New NS values and use of equivalent FBI
In this section, Band 13 is used as an example below: modification of NS values was first discussed for Band 13, and there is already a large fleet of UEs supporting Band 13. We do not necessarily propose that the changes are implemented for Band 13.

According to the current understanding, new NS values in legacy bands require a new band number for the frequency range of the said operating band. While this is possible technically, it means that existing, well-known, operating bands would be associated with different band numbers and the test effort would be increased since radio requirements are verified for all bands. Thus this may not be desirable neither from a market nor a technical perspective. 
One way around this could be to make use of the frequency band indicator (FBI) sent in SIB1 for indicating the operating band used in the cell (sent either in the IE FreqBandIndicator or in the IE MultiBandInfoList for overlapping bands). The FBI value is the “number” of the band, e.g. FBI = 13 for “Band 13”. If Band 13 would be associated with two different FBI, i.e. the existing FBI = 13 and an additional FBI = X, denoted Equivalent FBI, then new NS values could be associated with FBI = X. These FBIs with their corresponding NS values could be managed by MFBI just as for overlapping bands; only one NS value is sent per FBI value. The operating band would still be referred to as Band 13 and retain all its other properties such as the EARFCN. 

Besides allowing new NS values, the Equivalent FBI would make it possible to prevent legacy UEs from selecting and connecting to a cell that presents the Equivalent FBI. 
Below we use the concept of “equivalent FBI” for band. Band 13 can be indicated in call by its equivalent FBI numbers FBI = 13 and FBI = X. The existing NS values NS_01 and NS_07 can still be sent in connection with either of these. 
Suppose now we define NS_25 for supporting A-MPR for the 5 MHz channel for Band 13, and associate this NS value with the FBI = X. If we only send the value X and the NS_25 in the legacy field (nothing in the MFBI) as shown in Table 1, then the legacy UE will consider the cell barred.
Table 1: legacy UE barred
	
	FBI (SIB1)
	NS (SIB2)

	Legacy field
	X
	NS_25

	MultiBandInfoList
	Not present
	Not present


NS_25 Only UEs capable of A-MPR for the 5 MHz channel are allowed. For 10 MHz cell bandwidth we might allow legacy Band 13 terminals in the cell:
Table 2: legacy UE allowed
	
	FBI (SIB1)
	NS (SIB2)

	Legacy field
	X
	NS_25

	MultiBandInfoList
	13
	NS_07


This allows Band 13 terminals that support the MFBI (MultiBandInfoList) feature to use the cell. 
A preferred solution to attract non-MFBI UEs in addition would be to send FBI = 13 in the legacy SIB field:
Table 3: legacy UE allowed (alternative)

	
	FBI (SIB1)
	NS (SIB2)

	Legacy field
	13
	NS_07

	MultiBandInfoList
	X
	NS_25


but then there is a problem with the existing MFBI feature according to which the values in the legacy fields are applied by the UE, if supported. For the Equivalent FBI feature, a modified FBI prioritization order as compared to the existing MFBI feature is required since UEs that support both FBI = 13 and FBI = X should apply the NS_25, not NS_07.
It should also be possible to indicate NS_01 (or NS_07) when X is sent as FBI in SIB1 in case conditions vary in different cells. In general, it should be allowed to use all existing NS values – NS_01 and NS_07 in our example – for any one of the equivalent FBI.

The Equivalent FBI mechanism can also be used for modified NS values and would be a complement to the bitmap for modified MPR.
3 Modified NS values and the cell bandwidth 
Modification of MPR/A-MPR for channel bandwidths for the associated NS value already allows A-MPR can be handled by using the bitmap of modified MPR to be included in 36.331. The equivalent FBI can be used for the case in which the NS value is defined for the cell band but not for the cell bandwidth such as in our example above; then a new NS value is defined. 

Notwithstanding, for bands that are not yet supported by a large number of legacy devices it is still more preferable to either: 

1. modify the MPR behavior for the existing NS value (and use the UE-signaled bitmap for modified MPR)

2. or change the original NS values as corrections to the specifications, even if this means that the behavior of the (relatively few) legacy UEs remains uncertain. 

For adding A-MPR for the 5 MHz channel bandwidth for Band 13 use of the equivalent FBI with a new NS value would be more appropriate in view of the large number of legacy UEs. Specifying new NS for existing bands should be the exception rather than the rule.
4
Equivalent FBI in RRC Signalling
Equivalent FBI values could be indicated in the list of supported E-UTRA bands (e.g. in the IE SupportedBand EUTRA) or by using the bitmap so that the BS is aware of the capability of supporting a new NS value. However, if the UE supports carrier aggregation combinations with Band 13 and this can be indicated by equivalent FBI, the existing list of supported band combination can be still used since all other parameters for Band 13 is retained. The BS is aware that the said UE supports the new NS by the supported-band list or the bitmap and that may be used also in a band combination with Band 13 indicated by X in SIB1.
Support of a new NS value associated with an equivalent FBI is of course not mandated.

4 Equivalent FBI in the 36.101

Below we show a possible implementation of the equivalent FBI in 36.101, again with Band 13 as an example. First the bands that can be indicated by equivalent FBI are listed after the existing list of bands. Note that the remaining parameters such as EARFCN are the same.
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

	26
	814 MHz
	–
	849 MHz
	859 MHz
	–
	894 MHz
	FDD

	27
	807 MHz
	–
	824 MHz
	852 MHz
	–
	869 MHz
	FDD

	28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	FDD

	29
	N/A
	717 MHz
	–
	728 MHz
	FDD2

	30
	2305 MHz
	–
	2315 MHz
	2350 MHz
	–
	2360 MHz
	FDD

	31
	452.5 MHz
	–
	457.5 MHz
	462.5 MHz
	–
	467.5 MHz
	FDD

	...32
	
	N/A
	
	1452 MHz
	–
	1496 MHz
	FDD2

	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

	44
	703 MHz
	–
	803 MHz
	703 MHz
	–
	803 MHz
	TDD

	NOTE 1:
Band 6 is not applicable

NOTE 2:
Restricted to E-UTRA operation when carrier aggregation is configured. The downlink operating band is paired with the uplink operating band (external) of the carrier aggregation configuration that is supporting the configured Pcell.


The operating bands specified in Table 5.5-1 and listed in Table 5.5-2 can be indicated by more than one Frequency Band Indicator (FBI) in the System Information. Each one of the equivalent FBI is associated with specific sets of additional requirements for the operating band. 
Table 5.5-2 E-UTRA operating bands indicated by more than one FBI
	E‑UTRA Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode
	Equivalent FBI

	
	FUL_low   –  FUL_high
	FDL_low  –  FDL_high
	
	

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

	NOTE 1:
The FBI is the value indicated in the IE FreqBandIndicator or in the IE MultiBandInfoList in SIB1


The next change is the association between the equivalent FBI and the NS values. The default rule is that all NS values can be associated with any one of the equivalent FBI (the inserted NOTE 1 below), but in some cases the NS value can only be associated with a particular FBI value such as in our Band 13 example (NOTE 2).
6.2.4

UE maximum output power with additional requirements

Additional ACLR and spectrum emission requirements can be signalled by the network to indicate that the UE shall also meet additional requirements in a specific deployment scenario. To meet these additional requirements, Additional Maximum Power Reduction (A-MPR) is allowed for the output power as specified in Table 6.2.2-1. Unless stated otherwise, an A-MPR of 0 dB shall be used. 

For UE Power Class 1 and 3 the specific requirements and identified subclauses are specified in Table 6.2.4-1 along with the allowed A-MPR values that may be used to meet these requirements. The allowed A-MPR values specified below in Table 6.2.4.-1 to 6.2.4-15 are in addition to the allowed MPR requirements specified in subclause 6.2.3.

Table 6.2.4-1: Additional Maximum Power Reduction (A-MPR)

	Network Signalling value
	Requirements (subclause)
	E-UTRA Band
	Channel bandwidth (MHz)
	Resources Blocks (NRB)
	A-MPR (dB)

	NS_01
	6.6.2.1.1
	Table 5.5-1
	1.4, 3, 5, 10, 15, 20
	Table 5.6-1
	N/A

	NS_03
	6.6.2.2.1
	2, 4,10, 23, 25, 35, 36
	3
	>5 
	≤ 1

	
	
	
	5
	>6
	≤ 1

	
	
	
	10
	>6
	≤ 1

	
	
	
	15
	>8
	≤ 1

	
	
	
	20
	>10
	≤ 1

	NS_04
	6.6.2.2.2
	41
	5
	>6
	≤ 1

	
	
	
	10, 15, 20
	Table 6.2.4-4

	NS_05
	6.6.3.3.1
	1
	10,15,20
	≥ 50
	≤ 1

	NS_06
	6.6.2.2.3
	12, 13, 14, 17
	1.4, 3, 5, 10
	Table 5.6-1
	N/A

	NS_07
	6.6.2.2.3

6.6.3.3.2
	13
	10
	Table 6.2.4-2

	NS_08
	6.6.3.3.3
	19
	10, 15
	> 44
	≤ 3

	NS_09
	6.6.3.3.4
	21
	10, 15
	> 40
	≤ 1

	
	
	
	
	> 55
	≤ 2

	NS_10
	
	20
	15, 20
	Table 6.2.4-3

	NS_11
	6.6.2.2.1 6.6.3.3.13
	23
	1.4, 3, 5, 10, 15, 20
	Table 6.2.4-5

	NS_12
	6.6.3.3.5
	26
	1.4, 3, 5
	Table 6.2.4-6

	NS_13
	6.6.3.3.6
	26
	5
	Table 6.2.4-7

	NS_14
	6.6.3.3.7
	26
	10, 15
	Table 6.2.4-8

	NS_15
	6.6.3.3.8
	26
	1.4, 3, 5, 10, 15
	Table 6.2.4-9

Table 6.2.4-10

	NS_16
	6.6.3.3.9
	27
	3, 5, 10
	Table 6.2.4-11, Table 6.2.4-12, Table 6.2.4-13

	NS_17
	6.6.3.3.10
	28
	5, 10
	Table 5.6-1
	N/A

	NS_18
	6.6.3.3.11
	28
	5
	≥ 2
	≤ 1


	
	
	
	10, 15, 20
	≥ 1
	≤ 4

	NS_19
	6.6.3.3.12
	44
	10, 15, 20
	Table 6.2.4-14

	NS_20
	6.2.2

6.6.2.2.1

6.6.3.3.14
	23
	5, 10, 15, 20
	Table 6.2.4-15

	NS_21
	6.6.2.2.1 6.6.3.3.15
	30
	5, 10
	Table 6.2.4-16

	NS_22
	6.6.3.3.16
	42
	5, 10, 15, 20
	Table 5.6-1
	[0]

	NS_23
	6.6.3.3.17
	43
	5, 10, 15, 20
	Table 5.6-1
	[0]

	NS_24
	6.6.3.3.18
	28
	10
	Table 5.6-1
	N/A

	NS_25
	6.6.3.3.19
	13 (NOTE 2)
	5, 10
	Table 6.2.4-17

	...
	
	
	
	
	

	NS_32
	-
	-
	-
	-
	-

	NOTE 1:
For operating bands that can be indicated by equivalent FBIs (Table 5.5-2) the network signalling values can be signalled for any one of the equivalent FBI indicated in the cell if not otherwise stated.
NOTE 2:
The network signalling value can only be signalled together with a band indication of Band 13 by FBI = X (Table 5.5-2)


Table 6.2.4-2: A-MPR for “NS_07”

	Parameters
	Region A
	Region B
	Region C

	RBstart
	0 - 12
	13 – 18
	19 – 42
	43 – 49

	LCRB [RBs]
	6-8
	1 to 5 and 9-50
	≥8
	≥18
	≤2

	A-MPR [dB]
	≤ 8
	≤ 12
	≤ 12
	≤ 6
	≤ 3

	NOTE 1;
RBstart indicates the lowest RB index of transmitted resource blocks

NOTE 2;
LCRB is the length of a contiguous resource block allocation

NOTE 3:
For intra-subframe frequency hopping between two regions, notes 1 and 2 apply on a per slot basis.

NOTE 4;
For intra-subframe frequency hopping between two regions, the larger A-MPR value of the two regions may be applied for both slots in the subframe.


< text omitted >
Table 6.2.4-17: A-MPR for “NS_25”

	Channel bandwidth 

[MHz]
	Parameters
	Region A
	Region B
	Region C

	5
	RBstart [RB]
	
	
	
	
	

	
	LCRB [RB]
	
	
	
	
	

	
	A-MPR [dB]
	
	
	
	
	

	10
	RBstart [RB]
	
	
	
	
	

	
	LCRB [RB]
	
	
	
	
	

	
	A-MPR [dB]
	
	
	
	
	


The allowed A-MPR for the 10 MHz channel could possibly be the same as for NS_07 for consistency. The minimum requirements for NS_25 must also be specified, now with a requirement also for the 5 MHz channel:
6.6.3.3.19
Minimum requirement (network signalled value “NS_25”)
When "NS_25" is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.6.3.3.19-1. This requirement also applies for the frequency ranges that are less than FOOB (MHz) in Table 6.6.3.1-1 from the edge of the channel bandwidth.

Table 6.6.3.3.19-1: Additional requirements 

	Frequency band

(MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	Measurement bandwidth 

	
	5, 10 MHz
	

	769 ≤ f ≤ 775
	-57
	6.25 kHz

	NOTE:
The emissions measurement shall be sufficiently power averaged to ensure standard standard deviation < 0.5 dB.


NOTE:
For measurement conditions at the edge of each frequency range, the lowest frequency of the measurement position in each frequency range should be set at the lowest boundary of the frequency range plus MBW/2. The highest frequency of the measurement position in each frequency range should be set at the highest boundary of the frequency range minus MBW/2. MBW denotes the measurement bandwidth (6.25 kHz).
Note that the list of NS values is not affected by the equivalent as such, the enumeration can be continued. The remaining parts of 36.101 remain unchanged.
5 Conclusion
New NS values for existing operating bands can be specified by associating an operating band with more than one frequency band indicator (FBI) in SIB1. This means that the band of a cell is indicated using equivalent FBI, but the “band number” is still retained and the UE is still conformance tested according to the band number except for the new NS values. The concept of equivalent FBI would be a complement to the bitmap for modified MPR. 
Equivalent FBI can also be used for barring legacy UEs (not supporting the equivalent FBI) on a cell basis. One example is the use of a legacy band in a new geographical region where the regulatory requirement does not allow legacy UEs. Only new UEs supporting the equivalent FBI (and possibly an associated new NS) would then be able to connect to the cell. In view of this virtue the concept is also mentioned in the proposed reply LS to RAN2 in [6].
New NS values should only be introduced in exceptional cases. Use of more than one FBI associated with one and the same operating band (number) is associated with an effort, but would discourage specifications of a multitude of new NS values for existing bands leading to terminal fragmentation.
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