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1
Introduction

In the RAN4#58 meeting, CR for LTE Band 26 was proposed and approved [1]. In the RAN4#58AH meeting, the contribution [2] pointed out the following potential issue associated with this CR.

· A Band 5 terminal implementing a Band 5 duplexer can not satisfy spurious emission band UE co-existence requirement to protect Band 26 DL without A-MPR.

In addition, during the meeting, some comments from vendors were provided as follows.

· If any A-MPR is required for Band 5, then a new band shall be created.

On the other hand, in the RAN4#58AH meeting, REFSENS for Band 26/XXVI was intensively discussed although no conclusion was obtained. This issue has significant relationship with the co-existence issue. 

In this contribution, we discuss this co-existence issue including REFSENS discussion and propose a way forward on the potential issues.
2
Background
Table 2-1 shows a part of the proposed specifications of the CR [1] in the RAN4#58.

Table 2-1: spurious emission band UE co-existence table
	E-UTRA   Band
	Spurious emission 

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

	5
	E-UTRA Band  2, 4, 5, 10, 12, 13, 14, 17, 24, 26, 42, 43
	FDL_low  
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 41
	FDL_low  
	- 
	FDL_high
	-50
	1
	Note2


According to Table 2-1, Band 5 terminals shall reduce their emission noise down to -50 dBm/1MHz over Band 26 DL frequency range. However, as pointed out in [2], we believe that it would not be realistic for a Band 5 terminal implementing a Band 5 duplexer to satisfy this requirement without A-MPR. If it was really realistic, it would indicate that the A-MPR applied to Band 19 is not necessary, either. 
Thus, so far, we observe the following potential issues.
· Observation 1: A Band 5 terminal implementing a Band 5 duplexer can not satisfy spurious emission band UE co-existence requirement to protect Band 26 DL without A-MPR.

· Observation 2: If any A-MPR is required for Band 5, then a new band shall be created according to the comments from vendors in the RAN4#58AH.
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Figure 2-1: Relationship between Bands 5, 18, 19 and 26
3
How to handle spurious emission band UE co-existence
3.1 Possible way forward with consideration of actual implementation
We consider that there are a lot of stakeholders, such as Band 5/V operators, Band 26/XXVI operators and vendors, and etc., for the issues. According to the comment from vendors, if A-MPR was introduced into the current Band 5 for E-UTRA specification, a new Band 5 with A-MPR would be required. In addition, as for Band V (UTRA) case, we can not use an approach to utilize A-MPR implementation. In other words, without any other special implementations, there is no solution for Band V terminals to satisfy the spurious emission requirement. Therefore, these approaches in Band 5/V would not be acceptable for the vendors and Band 5/V operators. In conclusion, in this contribution, we assume as follows.
· Pre-condition 1: The introduction of new bands 5/V is out of scope in this paper
Some analysis is conducted under the assumption that the existing Band 5/V operating bands performance should be maintained as the first priority. According to [2], it was demonstrated that Band 5/V terminals with Band 5/V duplexer can not satisfy the requirements of -50 dBm/1 MHz and -60 dBm/3.84 MHz, respectively. Thus, from the viewpoint of implementation of Band 5/V, these requirements should not be captured into both TS36.101 and TS25.101, respectively, since the Band 5/V terminals can not pass certifications without A-MPR or with some special implementations. On the other hand, from the viewpoint of protection of Band 26/XXVI, it would not be acceptable. 
In order to manage these two different viewpoints, we have following considerations taking into account possible market situations.

· If Band 26/XXVI becomes widespread, some terminals will support both Bands 5/V and 26/XXVI operating bands. Note that it is essential for Band 26/XXVI terminals to support at least Band V, since Band V networks have been widely deployed in the world.
· In this case, these terminals will satisfy the requirements to protect Band 26/XXVI DL since they definitely implement “only one Band 26/XXVI” duplexer to support Bands 26/XXVI and V(/5). Thus, the requirement to protect Band 26/XXVI can be applied to such terminals. 
· The above consideration is based that vendors will not implement “two” duplexers (i.e., one for Band 5/V and one for Band 26/XXVI) in terminals to support Bands 5/V and 26/XXVI. In addition, the objective of the introduction of Band 26/XXVI is to achieve one globally harmonized band. Thus, in accordance with the increase of the number of terminals which supports both Bands 5/V and 26/XXVI and replacement of old terminals which only support Band 5, the impact of spurious emission from such old terminals on Band 26/XXVI DL would gradually decrease.
We believe that the above scenario would be practical from vendors point of view. Based on these considerations, we propose a following way forward, which could be satisfactory among relevant stakeholders.
· Proposal 1: 
· A Band 5 terminal which does not support Band 26 or XXVI is not required to protect Band 26/XXVI DL.

· Although the terminal can satisfy -36 dBm/100 kHz for up to LTE 5 MHz CBW, it would not be feasible to satisfy more stringent requirement such as less than -36 dBm/100 kHz for LTE 10 and 15 MHz CBW without a duplexer help.

· A Band V terminal which does not support Band 26 or XXVI is required to protect Band 26/XXVI DL. The emission limit is [-43] dBm/1 MHz. 
· [-40] dBm/1 MHz would be reasonable for UMTS without a duplexer help from an implementation point of view. [3] dB comes from Band 5/V duplexer Tx - Ant characteristics.
· Proposal 2: 
· A Band 5/V terminal which supports Band 26 or XXVI is required to protect Band 26/XXVI DL.
3.2 How to specify the above proposals for E-UTRA
An example to realize the proposed way-forward in Section 3.1 is shown below by using TS36.101 v10.2.0.
Table 6.6.3.2-1: Requirements

	E-UTRA  Band
	Spurious emission 

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

	5
	E-UTRA Band 2, 4, 5, 10, 12, 13, 14, 17, 24, 42, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 41
	FDL_low 
	- 
	FDL_high
	-50
	1
	Note2

	
	E-UTRA Band 26
	FDL_low 
	- 
	FDL_high
	-50
	1
	Note13

	Note 1
FDL_low and FDL_high refer to each E-UTRA frequency band specified in Table 5.5-1

Note 2
As exceptions, measurements with a level up to the applicable requirements defined in Table 6.6.3.1-2 are permitted for each assigned E-UTRA carrier used in the measurement due to 2nd or 3rd harmonic spurious emissions. An exception is allowed if there is at least one individual RE within the transmission bandwidth (see Figure 5.6-1) for which the 2nd or 3rd harmonic, i.e. the frequency equal to two or three times the frequency of that RE, is within the measurement bandwidth (MBW).

Note 3
To meet these requirements some restriction will be needed for either the operating band or protected band

Note 4
N/A

Note 5
For non synchronised TDD operation to meet these requirements some restriction will be needed for either the operating band or protected band

Note 6
Applicable when NS_05 in section 6.6.3.3.1 is signalled by the network.

Note 7
Applicable when co-existence with PHS system operating in 1884.5
-1919.6MHz. 

Note 8
Applicable when co-existence with PHS system operating in 1884.5 -1915.7MHz.

Note 9
Applicable when NS_08 in section 6.6.3.3.3 is signalled by the network

Note 10
Applicable when NS_09 in section 6.6.3.3.4 is signalled by the network

Note 11
Whether the applicable frequency range should be 793-805MHz instead of 799-805MHz is TBD 

Note12

The emissions measurement shall be sufficiently power averaged to ensure a standard deviation < 0.5 dB
Note13

Applicable when UEs support Band 26 for E-UTRA or Band XXVI for UTRA.


3.3 How to specify the above proposals for UTRA

An example to realize the proposed way-forward in Section 3.1 is shown below by using TS25.101 v10.1.0.
Table 6.13: Additional spurious emissions requirements

	Operating Band
	Frequency Bandwidth
	Measurement Bandwidth
	Minimum requirement

	V
	729 MHz ( f ( 746 MHz
	3.84 MHz
	-60 dBm

	
	746 MHz ( f ( 756 MHz
	3.84 MHz
	-60 dBm

	
	758 MHz ( f ( 768 MHz
	3.84 MHz
	-60 dBm

	
	859 MHz ( f ( 869 MHz
	1 MHz
	[-43] dBm

	
	859 MHz ( f ( 869 MHz
	3.84 MHz
	-60 dBm****

	
	869 MHz ( f ( 894 MHz
	3.84 MHz
	-60 dBm

	
	1525 MHz ( f ( 1559 MHz
	3.84 MHz
	-60 dBm

	
	1930 MHz ( f ( 1990 MHz
	3.84 MHz
	-60 dBm

	
	2110 MHz ( f ( 2170 MHz
	3.84 MHz
	-60 dBm

	Note *
The measurements are made on frequencies which are integer multiples of 200 kHz. As exceptions, up to five measurements with a level up to the applicable requirements defined in Table 6.12 are permitted for each UARFCN used in the measurement

Note **
The measurements are made on frequencies which are integer multiples of 200 kHz. As exceptions, measurements with a level up to the applicable requirements defined in Table 6.12 are permitted for each UARFCN used in the measurement due to 2nd or 3rd harmonic spurious emissions 

Note ***    This requirement is applicable also for frequencies, which are between 2.5 MHz and 12.5 MHz away from the UE centre carrier frequency. 
Note ****  Applicable when UEs support Band 26 for E-UTRA or Band XXVI for UTRA.


4
How to handle REFSENS for Band 26/XXVI
4.1 Possible way forward with consideration of actual implementation
So far, there have been a lot of discussions on how to handle REFSENS for Band 26/XXVI. Some opinions representative of both vendors and operators are as follows.

· Opinion 1: The same REFSENS as that of Band 5/V

· The objective of introduction of Band 26/XXVI is to create one globally harmonized band. In order to facilitate Band 5/V operators to accommodate terminals which support both Bands 5/V and 26/XXVI, it is essential to keep the same REFSENS.

· Rx requirements have some margin, since the past Band I duplexer’s I.L of Rx was around 3.5 dB, but current Band VIII duplexer’s has the almost the same I.L. However, the REFSENS between Band I and VIII is different by 3 dB, although REFSENS should not be determined from just the Rx I.L of a duplexer.
· An averaging approach can provide justification for Band 26/XXXI to satisfy Band 5/V REFSENS.

· Opinion 2: The REFSENS relaxed by 0.5 dB compared to Band 5/V [3]
· Compared to the current Band 5/V duplexers, their cost, characteristics and so on would not be reasonable. Thus, Band 26/XXVI duplexers are difficult to satisfy the Band 5/V REFSNS. In addition, so far, there are not such duplexers commercially available. Thus, it should not be handled based on an optimistic assessment.
· An averaging approach can not provide justification for Band 26/XXXI to satisfy Band 5/V REFSENS. In addition, this approach has not been a conventional way in 3GPP.

It is felt that the opinions from both sides have a point, respectively. As previously mentioned, the point here is that terminals supporting both Band 5/V and 26/XXVI would definitely be implemented only one Band 26/XXVI duplexer. In addition, Bands 5/V and 26/XXVI share the upper edges of both their UL and DL. Thus, if Band 26/XXVI terminals are required to support Band 5/V as well according to the demand of the marketplace, then, at any rate, that terminals have to satisfy Band 5/V REFSENS with a Band 26/XXVI duplexer. As already mentioned in section 3.1, in accordance with the increase of the number of terminals which supports both Bands 5/V and 26/XXVI and replacement of old terminals which only support Band 5/V, the impact of spurious emission from such old terminals on Band 26/XXVI DL will gradually decrease. From that point of views, the followings are a reasonable way forward among stakeholders. 
· Proposal 3: 
· REFSENS for Band 26/XXVI is the same as that of Band 5/V.

· For 1.4 and 3 MHz CBW, the REFSENS is the same as that of Band 2. 
This will encourage broad use of terminals which supports both Bands 5/V and 26/XXVI. Finally, this will lead to the solution of the spurious emission issue between Bands 5/V and 26/XXVI.

4.2 Feasibility of the proposal 3

As a feasibility study, the latest simulation data of a Band 26/XXVI SAW duplexer are shown in Figure 4-1 and 4-2. Note that the data are obtained assuming Extreme Test Conditions. From the data, it can be seen that the characteristics are not so much different from that of a Band 5/V duplexer. We believe that specifying Band 26/XXVI REFSENS as the same as Band 5/V is feasible.

[image: image2]
Figure 4-2-1: Ant - Rx and Ant - Rx characteristics of a Band 26/XXVI duplexer


[image: image3]
Figure 4-2-2: Tx – Rx isolation of a Band 26/XXVI duplexer
4.3 How to specify the above proposals for E-UTRA
An example to realize the proposed way-forward in Section 4.1 is shown below by using TS36.101 v10.2.0.

7.3.1

Minimum requirements (QPSK) 

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3.1-1 and table 7.3.1-2

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

	2
	-102.7
	-99.7
	-98 
	-95
	-93.2
	-92
	FDD

	5
	-103.2
	-100.2
	-98
	-95
	
	
	FDD

	26
	-102.7
	-99.7
	-98
	-95
	-93.2
	
	FDD


Table 7.3.1-2: Uplink configuration for reference sensitivity

	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

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

	2
	6 
	15 
	25 
	50 
	501
	501
	FDD

	5
	6 
	15 
	25 
	251
	
	
	FDD

	26
	6 
	15 
	25 
	251
	251
	
	FDD

	Note 

1.
The UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1). 

2.
For the UE which supports both Band 11 and Band 21 the uplink configuration for reference sensitivity is FFS.

3.
For Band 20; in the case of 15MHz channel bandwidth, the UL resource blocks shall be located at RBstart _11 and in the case of 20MHz channel bandwidth, the UL resource blocks shall be located at RBstart _16


4.4 How to specify the above proposals for UTRA

An example to realize the proposed way-forward in Section 4.1 is shown below by using TS25.101 v10.1.0.
7.3.1
Minimum requirement

The BER shall not exceed 0.001 for the parameters specified in Table 7.2.

Table 7.2: Test parameters for reference sensitivity, minimum requirement.

	Operating Band
	Unit
	DPCH_Ec <REFSENS> 
	<REFÎor>

	II
	dBm/3.84 MHz
	-115
	-104.7

	V
	dBm/3.84 MHz
	-115
	-104.7

	XXVI
	dBm/3.84 MHz
	-115
	-104.7


5
How to handle delta TC for Band 26/XXVI
5.1 Possible way forward with consideration of actual implementation
The remaining contentious issue is how to handle delta TC since delta TC is not applied to Band 5 in TS36.101. To consider this issue, extended figure for Tx – Ant characteristics of the duplexer is shown in Figure 5-1-1. From the figure, the peak to peak value is around 1.3 dB. In addition, the value is less than 1.5 dB and the frequency characteristics of PA over 814 to 849 MHz would be quite flat, therefore, delta TC might not be necessary. However, if we follow the rule to decide the necessity of the introduction of delta TC into each band, we would have to say delta TC is applicable to Band 26 at this moment. In addition, this would be a good compromise point between vendors and operators. Furthermore, this will also encourage broad use of terminals which supports both Bands 5/V and 26/XXVI.
· Proposal 4: 

· Delta TC is applied to a Band 5 terminal which supports Band 26 or XXVI.


[image: image4]
Figure 5-1: Extended figure for Tx – Ant characteristics of the Band 26/XXVI duplexer
5.2 How to specify proposal 4

An example to realize the proposed way-forward in Section 5.1 is shown below by using TS36.101 v10.2.0.
6.2.2
UE Maximum Output Power
The following UE Power Classes define the maximum output power for any transmission bandwidth within the channel bandwidth. The period of measurement shall be at least one sub frame (1ms).

Table 6.2.2-1: UE Power Class

	EUTRA band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	55
	
	
	
	
	23
	±2
	
	

	…
	
	
	
	
	
	
	
	

	26
	
	
	
	
	23
	±2
	
	

	Note 1:
The above tolerances are applicable for UE(s) that support up to 4 E-UTRA operating bands. For UE(s) that support 5 or more E-UTRA bands the maximum output power is expected to decrease with each additional band and is FFS

Note 2:
For transmission bandwidths (Figure 5.6-1) confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB 

Note 3:
For the UE which supports both Band 11 and Band 21 operating frequencies, the tolerance is FFS.

Note 4:
PPowerClass is the maximum UE power specified without taking into account the tolerance
Note 5:
For the UE which supports Band 26 for E-UTRA or Band XXVI, Note 4 is applicable.


6
Conclusion
This contribution discussed the potential issues on spurious emission band UE co-existence and REFSENS for Band 26/XXVI. From the discussions, the following were proposed. Note that these proposals should be handled as a set of solutions.
· Proposal 1: 

· A Band 5 terminal which does not support Band 26 or XXVI is not required to protect Band 26/XXVI DL.

· A Band V terminal which does not support Band 26 or XXVI is required to protect Band 26/XXVI DL. The emission limit is [-43] dBm/1MHz.
· Proposal 2: 

· A Band 5/V terminal which supports Band 26 or XXVI shall protect Band 26/XXVI DL.

· Proposal 3: 

· REFSENS for Band 26/XXVI is the same as that of Band 5/V.
· For 1.4 and 3 MHz CBW, the REFSENS is the same as that of Band 2.
· Proposal 4: 

· Delta TC is applied to a Band 5 terminal which supports Band 26 or XXVI.
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