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1. Introduction
UE to UE co-existence requirements between FDD and TDD bands have been widely discussed in RAN4 meetings #2010AH4 Xian and #57 Jacksonville [1], [2], [3], [4],[5]. 

Reason for these discussions is that currently the emissions requirement between bands 7 and 38 and bands 1 and 33 is not clearly defined because the requirement is bounded by a note saying “To meet these requirements some restriction will be needed for either the operating band or protected band”. The note emphasis the fact that the typical 3GPP emissions requirement between E-UTRA bands -50dBm / 1 MHz is not possible to meet for these particular band combinations because of the lack of guard band between the bands.
In Europe ETSI ERM/MSG TFES has completed the work on the fifth release of the European Harmonised Standard EN 301 908-13 for E-UTRA UEs and have decided to adopt UE to UE co-existence requirements recommended by ECC Report 131 [6] and CEPT Report 39 [7] for 2.6 GHz and 2 GHz bands respectively.

In this contribution we study the impact of European decision to UE maximum output power capability.
2. Discussion

2.1 Background
ECC Report 131 [6] and CEPT Report 39 [7] for 2.6 GHz and 2 GHz bands respectively recommends out of block emission levels between FDD and TDD bands as illustrated in Figure 1 and Figure 2. For packet-based mobile broadband systems the baseline PBL is -15.5 dBm / 5 MHz.
[image: image1.emf]
Figure 1 FDD-UL TDD out of block emission levels

[image: image2.emf]
Figure 2  TDD-FDD DL  out of block emission levels
Therefore ETSI ERM/MSG TFES has defined the UE to UE co-existence requirement between 2.6 GHz and 2 GHz bands on the fifth release of the European Harmonised Standard EN 301 908-13 for E-UTRA UEs as in Table 1.
Table 1 Spurious emission band UE co-existence limits
	E-UTRA Band
	Spurious emission 

	
	Protected band
	Frequency range
(MHz)
	Maximum

Level (dBm)
	MBW (MHz)
	Comment

	1
	E-UTRA Band 1, 3, 7, 8, 20, 34, 38
	FDL_low
	- 
	FDL_high
	-50
	1
	 

	
	Frequency range
	1900
	-
	1915
	-15.5
	5
	

	
	Frequency range
	1915
	- 
	1920
	+1.6
	5
	

	3
	E-UTRA Band 1, 3, 7, 8, 20, 33, 34, 38
	FDL_low
	- 
	FDL_high
	-50
	1
	 

	7
	E-UTRA Band 1, 3, 7, 8, 20, 33, 34
	FDL_low
	- 
	FDL_high
	-50
	1
	 

	
	Frequency range
	2570
	-
	2575
	+1.6
	5
	

	
	Frequency range
	2575
	- 
	2620
	-15.5
	5
	

	8
	E-UTRA Band 1, 8, 20, 33, 34, 38
	FDL_low
	- 
	FDL_high
	-50
	1
	 

	
	E-UTRA band 3
	FDL_low
	- 
	FDL_high
	-50
	1
	Note 2

	
	E-UTRA band 7
	FDL_low
	- 
	FDL_high
	 -50
	1
	Note 2

	20
	E-UTRA Band 1, 3, 7, 8, 20, 33, 34
	FDL_low
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 38
	FDL_low
	- 
	FDL_high
	-50
	1
	Note 2

	33
	E-UTRA Band 1, 3, 7, 8, 20, 34, 38
	FDL_low
	- 
	FDL_high
	-50
	1
	

	34
	E-UTRA Band 1, 3, 7, 8, 20, 33, 38
	FDL_low
	- 
	FDL_high
	-50
	1
	

	38
	E-UTRA Band 1,3, 8, 20, 33, 34
	FDL_low
	-
	FDL_high
	-50
	1
	 

	
	Frequency range
	2620
	-
	2690
	-15.5
	5
	

	NOTE 1:
FDL_low and FDL_high refer to each frequency range of the protected E-UTRA band.

NOTE 2:
As exceptions, measurements with a level up to the applicable requirements defined in table 4.2.4.2-2 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 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.




2.2 Simulations

2.2.1 Simulation assumptions
Simulation assumptions were as below.

· PA operating point REL-8 20 MHz CC UTRAACLR1=33 dBc with Pout = 22 dBm

· Two different PA models were used

· Modulator IQ – image = 25 dB

· Modulator carrier leakage = 25 dBc

· Modulator C_IM3 = 60 dBc

· Modulation QPSK

· UL allocation was placed always as close FDD-TDD boundary as possible

2.2.2 Band 1 and 7 results

In Table 2 there are results of a study where it was searched how much A-MPR band 1 or 7 UE requires to be able to meet the UE to UE co-existence emissions requirements against bands 33 and 38 as specified in European Harmonised Standard EN 301 908-13.
The cells marked green indicate that the required A-MPR is less than 0.5 dB.

Table 2 Band 1 and 7 simulation results
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Results show that approximately 1 dB of A-MPR is required for 15 and 20 MHz LTE channel bandwidths when UL allocation size is L_CRB > 60. For 5 and 10 MHz LTE channel bandwidths there is no need for A-MPR.
2.2.2 Band 38 results

In Table 3 there are results of a study where it was searched how much A-MPR band 38 UE requires to be able to meet the UE to UE co-existence emissions requirements against band 7 as specified in European Harmonised Standard EN 301 908-13. 
The cells marked green indicate that the required A-MPR is less than 0.5 dB.

Table 3 Band 38 simulation results
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Results show that 
· For 20 MHz LTE channel bandwidth A-MPR is required when L_CRB > 6

· For 15 MHz LTE channel bandwidth  A-MPR is required when L_CRB > 5

· For 10 MHz LTE channel bandwidth A-MPR is always required

· For 5 MHz LTE channel bandwidth A-MPR is always required 

2.2.2.1 Band 38 results with modified simulation assumptions
For band 38 operation we have repeated the simulations with slightly relaxed simulations assumptions

· PA operating point REL-8 20 MHz CC UTRAACLR1=36 dBc with Pout = 22 dBm

· Modulator IQ – image = 28 dB

· Modulator carrier leakage = 25 dBc

· Modulator C_IM3 = 60 dBc

Slightly better ACLR performance can be justified by the fact that TDD operation does not require as tight filtering close-in as band 7 filter because it does not need to protect own Rx band therefore the TDD band pass-filter insertion loss could be smaller. This means that UE does not need to drive the PA as hard as for band 7 and this improves the emissions.
Modulator IQ-Image performance was considered to be 3 dB better than what is the minimum requirement.
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Results with improved UE performance show that 

· For 20 MHz LTE channel bandwidth A-MPR is required when L_CRB > 6

· For 15 MHz LTE channel bandwidth  A-MPR is required when L_CRB > 5

· For 10 MHz LTE channel bandwidth  A-MPR is required when L_CRB > 3

· For 5 MHz LTE channel bandwidth  A-MPR is required when L_CRB > 2

These results indicate that if the TDD channel is placed to worst case position PUCCH and small PUSCH allocations can be used without A-MPR.

If TDD channel is placed somewhere else that next to FDD boundary A-MPR might not be needed at all.
2.3 How to implement this to 36.101

We propose following
1. Create NS_XX signalling to allow UE to use A-MPR

2. Change the UE to UE co-existence requirements in 36.101 to be in line with European Harmonised Standard EN 301 908-13

3. Add a note to applicable UE to UE co-existence requirements indicating that those requirements are to met when NS_XX is signalled.
2.3.1 NS_XX signalling
Table 6.2.4-1: Additional Maximum Power Reduction (A-MPR)

	Network Signalling value
	Requirements (sub-clause)
	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
	NA

	NS_03
	6.6.2.2.1
	2, 4,10, 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
	See 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
	Table 6.2.4-2

	NS_08
	6.6.3.3.3
	19
	10, 15
	> 29
	≤ 1

	
	
	
	
	> 39
	≤ 2

	
	
	
	
	> 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
	Table 6.2.4-3

	
	
	
	
	
	

	NS_13
	6.6.3.2
	1,7
	15,20
	>60
	≤ 1

	 NS_14
	6.6.3.2
	38
	5
	>2
	≤ 2

	
	
	
	10
	>3
	≤ 2

	
	
	
	15
	>5
	≤ 2

	
	
	
	20
	>6
	≤ 2

	..
	
	
	
	
	

	NS_32
	-
	-
	-
	-
	-

	


2.3.2 UE to UE Co-existence requirement

Table 6.6.3.2-1: Requirements

	E-UTRA   Band
	Spurious emission 

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

	1
	E-UTRA Band  1, 3, 7, 8, 9, 11, 20, 21, 34, 38, 40, 42, 43
	FDL_low  
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	1900
	-
	1915
	-15.5
	5
	 Note12

	
	Frequency range
	1915
	- 
	1920
	+1.6
	5
	Note12

	
	E-UTRA band 39
	FDL_low
	- 
	FDL_high
	-50
	1
	Note3

	
	Frequency range
	860
	-
	895
	-50
	1
	

	
	Frequency range 
	1884.5
	-
	1919.6
	-41
	0.3
	Note6,Note7

	
	
	1884.5
	-
	1915.7
	
	
	Note 6, Note8

	2
	E-UTRA Band  2, 4, 5, 10, 12, 13, 14, 17, 24, 41, 42, 43
	FDL_low  
	- 
	FDL_high
	-50
	1
	

	3
	E-UTRA Band  1, 3, 7, 8, 20, 33, 34, 38, 42, 43
	FDL_low  
	- 
	FDL_high
	-50
	1
	

	4
	E-UTRA Band  2, 4, 5, 10, 12, 13, 14, 17, 24, 41, 42, 43
	FDL_low  
	- 
	FDL_high
	-50
	1
	

	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

	6
	E-UTRA Band  1, 9, 11, 34
	FDL_low  
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	860
	-
	875
	-37
	1
	

	
	Frequency range
	875
	-
	895
	-50
	1
	

	
	Frequency range
	1884.5
	-
	1919.6
	-41
	0.3
	Note7

	
	
	1884.5
	-
	1915.7
	
	
	Note8

	7
	E-UTRA Band  1, 3, 7, 8, 20, 33, 34, 42, 43
	FDL_low  
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	2570
	-
	2575
	+1.6
	5
	Note12

	
	Frequency range
	2575
	- 
	2620
	-15.5
	5
	Note12

	8
	E-UTRA Band  1, 8, 20, 33, 34, 38, 39, 40, 42, 43
	FDL_low  
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA band 3
	FDL_low
	- 
	FDL_high
	-50
	1
	Note 2

	
	E-UTRA band 7
	FDL_low
	-
	FDL_high
	-50
	1
	Note 2

	9
	E-UTRA Band  1, 9, 11, 21, 34
	FDL_low  
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	860
	-
	895
	-50
	1
	

	
	Frequency range
	1884.5
	-
	1919.6
	-41
	0.3
	Note7

	
	
	1884.5
	-
	1915.7
	
	
	Note8

	10
	E-UTRA Band  2, 4, 5, 10, 12, 13, 14, 17, 24, 41, 42, 43
	FDL_low  
	- 
	FDL_high
	-50
	1
	

	11
	E-UTRA Band  1, 9, 11, 21, 34
	FDL_low  
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	860
	-
	895
	-50
	1
	

	
	Frequency range
	1884.5
	
	1919.6
	-41
	0.3
	Note7

	
	
	1884.5
	-
	1915.7
	
	
	Note8

	12
	E-UTRA Band  2, 5, 12, 13, 14, 17, 24, 41
	FDL_low  
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 4, 10
	FDL_low
	-
	FDL_high
	-50
	1
	Note2

	13
	E-UTRA Band  2, 4, 5, 10, 12, 13, 14, 17,41
	FDL_low  
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	769
	-
	775
	-35
	0.00625
	

	
	Frequency range
	799
	-
	805
	-35
	0.00625
	Note11

	
	E-UTRA Band 24
	FDL_low
	-
	FDL_high
	-50
	1
	Note2

	14

 
	E-UTRA Band  2, 4, 5, 10, 12, 13, 14, 17, 24, 41
	FDL_low  
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	769
	-
	775
	-35
	0.00625
	

	
	Frequency range
	799
	-
	805
	-35
	0.00625
	Note11

	17
	E-UTRA Band  2, 5, 12, 13, 14, 17, 24, 41
	FDL_low  
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 4, 10
	FDL_low
	-
	FDL_high
	-50
	1
	Note2

	18
	E-UTRA Band  1, 9, 11, 21, 34
	FDL_low
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	860
	-
	895
	-40
	1
	

	
	Frequency range
	1884.5
	-
	1919.6
	-41
	0.3
	Note7

	
	
	1884.5
	-
	1915.7
	
	
	Note8

	19
	E-UTRA Band  1, 9, 11, 21, 34
	FDL_low  
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	860
	-
	895
	-40
	1
	Note9

	
	Frequency range
	1884.5
	-
	1919.6
	-41
	0.3
	Note7

	
	
	1884.5
	-
	1915.7
	
	
	Note8

	20
	E-UTRA Band  1, 3, 7, 8, 20, 33, 34, 42, 43
	FDL_low  
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 38
	FDL_low
	-
	FDL_high
	-50
	1
	Note 2

	21
	E-UTRA Band  11, 21
	FDL_low  
	- 
	FDL_high 
	-35
	1
	Note10

	
	E-UTRA Band  1, 9, 34
	FDL_low  
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	860
	-
	895
	-50
	1
	

	
	Frequency range
	1884.5
	
	1919.6
	-41
	0.3
	Note7

	
	
	1884.5
	-
	1915.7
	
	
	Note8

	…
	
	
	
	
	
	
	

	24
	E-UTRA Band  2, 4, 5, 10, 12, 13, 14, 17, 24, 41
	FDL_low
	-
	FDL_high
	-50
	1
	

	…
	
	
	
	
	
	
	

	33
	E-UTRA Band  1, 3,  7, 8, 20, 34, 38, 39, 40, 42, 43
	FDL_low  
	- 
	FDL_high
	-50
	1
	Note5

	34
	E-UTRA Band  1, 3, 7, 8, 9, 11, 20, 21, 33, 38,39, 40, 42, 43
	FDL_low  
	- 
	FDL_high
	-50
	1
	Note5

	
	Frequency range
	860
	-
	895
	-50
	1
	

	
	Frequency range 
	1884.5
	-
	1919.6
	-41
	0.3
	Note7

	
	
	1884.5
	-
	1915.7
	
	
	Note8

	35
	
	
	
	
	
	
	

	36
	
	
	
	
	
	
	

	37
	
	
	-
	
	
	
	

	38
	E-UTRA Band 1,3, 8, 20, 33, 34, 42, 43
	FDL_low  
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 7
	FDL_low  
	-
	FDL_high
	-15.5
	5
	Note13

	39
	E-UTRA Band 34, 40
	FDL_low  
	-
	FDL_high
	-50
	1
	

	40
	E-UTRA Band 1, 3, 33, 34, 39, 42, 43 
	FDL_low  
	- 
	FDL_high
	-50
	1
	

	41
	E-UTRA Band 2, 4, 5, 10, 12, 13 , 14, 17, 24
	FDL_low  
	- 
	FDL_high
	-50
	1
	

	42
	E-UTRA Band  1, 2, 3, 4, 5, 7, 8, 10, 20, 33, 34, 38, 40


	FDL_low  
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band  43
	FDL_low  
	- 
	FDL_high
	-50
	1
	Note3

	43
	E-UTRA Band  1, 2, 3, 4, 5, 7, 8, 10, 20, 33, 34, 38, 40
	FDL_low  
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band  42
	FDL_low  
	- 
	FDL_high
	-50
	1
	Note3

	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
Note 12         To meet this requirement NS_13 value shall be signalled
Note 13         To meet this requirement NS_14 value shall be signalled


4. Conclusion

This contribution proposes to harmonize 36.101 Ue to UE co-existence requirements between bands 7 and 38 and bands 1 and 33 with the European Harmonised Standard EN 301 908-13. This contribution also shows that in order to comply with European Harmonised Standard EN 301 908-13 some A-MPR is required.
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