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1 Introduction

Band 65 is studied under the work item LTE_1980_2170_REG1 and the specification work is near completion as the contents of CRs for both BS and UE core spec have been endorsed [1, 2].
There is also study item ongoing for Region 3 to introduce a new band in a harmonized way as Band 65 [3]. Those requirements agreed for Region 1 are also applicable to Region 3. Only difference is the UE coexistence aspect with Band 34 and PHS. So far it has been agreed that the coexistence scenarios are studied as summarized in WF [4-6]. A-MPR simulation campaign has been conducted in [7-11] for Band 34 and [12-15] for PHS. 
In this paper, we discuss the remaining open issues in specifying Band 65 UE requirement for Region 3.
We have also provided a TP and draft CR in separate contributions [16, 17] to present how the conclusions in this paper can be implemented in the technical report and specification, 36.861 and 36.101.
2 Discussion
2.1 Guard block position
In [1], it has been agreed to investigate the required A-MPR for the following channel bandwidth allocations within 1980-2010MHz, where 5MHz offset is placed in MSS band side (a red block in the figure).
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Figure 2.1-1: Typical channel bandwidth and guard block allocation
In offline discussion in RAN4#76, it has been discussed that the guard block position should be more flexible to cover more deployment use cases. The guard block may be placed also in Band 34 side shown in a red block in the following figure.
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Figure 2.1-2: Alternative example of channel and guard block allocation
Both scenarios above can be easily supported in the specification by applying the emission requirement relative to the channel allocation, i.e., 5MHz offset from the channel edge. However, it is noted that allocation with an offset more than 5MHz, the A-MPR is only optimized for the cases shown in Figure 2.1-1.
2.2 Allocation partially covering Band 1
Band 65 is of 90MHz pass-band; therefore it is possible to allocate a channel bandwidth covering both sides of 1980MHz as shown in Figure 2.2-1. For such cases, band 1 duplexer cannot be used but 90MHz duplexer is instead used. Thus A-MPR is required to meet Band 34 protection requirement. It is recommended to apply the same A-MPR as the case of Fc=1987.5MHz for 15MHz channel bandwidth and Fc=1990MHz for 20MH channel bandwidth, for example. The emission requirement can be met although A-MPR is not optimized for these particular channel allocations.
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Figure 2.2-1: Channel bandwidth allocation covering both MSS band and Band 1.
2.3 PEMAX vs NS

For 15/20 MHz channel bandwidths with 5MHz offset, it has been agreed to study Pemax in [4]. Pemax is the Maximum allowed UE output power signalled by higher layers. Pemax is explicitly specified for Band 38 in TS36.101, where NS was not possible to be introduced due to legacy issues.
For band 65, new NS will be introduced. Therefore, it is proposed to merge this scenario (5MHz offset) into A-MPR table such that higher layer signalling can be omitted.
2.4 PHS and Band 34 simultaneous protection by NS
PHS protection shall be met simultaneously with Band 34 protection. Since only one NS is signalled for Band 65, it shall be guaranteed that one NS is enough to meet both emission limits.
For the channel allocation within Band 1, Band 1 duplexer is used therefore Band 34 is always protected at -50dBm/MHz limit. PHS protection can be guaranteed by signalling NS_05 for this case.
For the channel allocation not confined within Band 1 frequency range, A-MPR is not required to protect PHS for any allocation beyond 1960MHz according to our simulation results [9]. Therefore, NS_05 does not need to be signalled for such case. 

In summary, for any channel allocation within 1920-1980 MHz, NS_05 is enough to meet both PHS and B34 protection. All other allocations, NS_05 is not required to protect PHS since it is always met; thus a new NS to protect B34 is enough to meet both PHS and B34 protection. 
3 Specification impacts

In this sub-clause, we summarize the specification impact to introduce Region 3 requirement into Band 65. 

3.1 Spurious emissions for UE coexistence
Firstly, the spurious emission requirement is illustrated in Table 3.1-1. In addition to Region 1 requirements [1], Region 3 coexisting bands are included. Band 34 protection is introduced for Band 1 frequency range; PHS protection is introduced for the cases without A-MPR. In this way, only one NS is enough to be signalled to satisfy both emission requirements. NS values are defined in 3.2. 
Table 3.1-1: Additional spurious emission requirement for UE coexistence

	E-UTRA Band
	Spurious emission 

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

	65
	E-UTRA Band 1, 5, 7, 8, 11, 18, 19, 20, 21, 22, 26, 28, 31, 32, 38, 40, 42, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 3 
	FDL_low 
	- 
	FDL_high
	-50
	1
	15

	
	E-UTRA Band 34
	FDL_low 
	- 
	FDL_high
	-50
	1
	36

	
	Frequency range
	1900
	
	1915
	-15.5
	5
	15, 26, 27

	
	Frequency range
	1915
	
	1920
	+1.6
	5
	15, 26, 27

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	37

	NOTE 15:
These requirements also apply for the frequency ranges that are less than FOOB (MHz) in Table 6.6.3.1-1 and Table 6.6.3.1A-1 from the edge of the channel bandwidth.

NOTE 26: For these adjacent bands, the emission limit could imply risk of harmful interference to UE(s) operating in the protected operating band.
NOTE 27:
This requirement is applicable for any channel bandwidths within the range 1920 - 1980 MHz with the following restriction: for carriers of 15 MHz bandwidth when carrier centre frequency is within the range 1927.5 - 1929.5 MHz and for carriers of 20 MHz bandwidth when carrier centre frequency is within the range 1930 - 1938 MHz the requirement is applicable only for an uplink transmission bandwidth less than or equal to 54 RB.

NOTE 36: This requirement is applicable for E-UTRA channel bandwidth allocated within 1920-1980 MHz

NOTE 37: This requirement is applicable to 5, 10, and 15MHz E-UTRA channel bandwidth allocated within 1940-2010 MHz and to 20MHz E-UTRA channel bandwidth allocated within 1960-2010MHz.


3.2 NS values for Band 65
Secondly, a modification of NS_05 and additions of two new NS values for band 34 protection are defined in Table 3.2-1. Signalling is restricted to the cases that require A-MPR as indicated in NOTE  2 and NOTE 3; therefore it is clear how these NS values are used. 
Table 3.2-1: NS values for A-MPR

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

	NS_05
	6.6.3.3.1 (of TS36.101)
	1
	10,15,20
	≥ 50 (NOTE 1)
	≤ 1 (NOTE 1)

	
	
	65 (NOTE 2)
	15,20
	Table 3.4-1 in this document

	NS_xx
	Table 3.3-1 in this document
	65 (NOTE 3)
	5, 10, 15, 20
	Table 3.4-2 in this document

	NS_yy
	Table 3.3-2 in this document
	65 (NOTE 3)
	5, 10, 15, 20
	Table 3.4-3 in this document

	NOTE 1: Applicable when the lower edge of the assigned E-UTRA UL channel bandwidth frequency is larger than or equal to the upper edge of PHS band (1915.7 MHz) + 4 MHz + the channel BW assigned, where channel BW is as defined in subclause 5.6.

NOTE 2: Applicable when the lower edge of the assigned E-UTRA channel bandwidth frequency is less than 1960MHz.
NOTE 3: Applicable when the higher edge of the assigned E-UTRA UL channel bandwidth frequency is greater than 1980MHz.


3.3 Emission limits of new NS values
When "NS_xx" is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 3.3-1.  This requirement also applies to the frequency ranges that are less than FOOB (MHz) in Table 6.6.3.1-1 from the edge of the channel bandwidth. This is only applied to 5MHz offset; therefore, it is possible to place the channel bandwidth up to the band edge of Band 65 depending on the deployment scenario.
Table 3.3-1: NS_xx
	Frequency band

(MHz)
	Channel bandwidth / 

Spectrum emission limit 

(dBm)
	Measurement bandwidth

	
	5 MHz, 10 MHz, 15 MHz, 20 MHz
	

	Band 34
	-50
	MHz

	NOTE 1:
The requirement does not apply to the frequency ranges that are less than 5MHz from the edge of the channel bandwidth.


When "NS_yy" is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 3.3-2.  This requirement also applies to the frequency ranges that are less than FOOB (MHz) in Table 6.6.3.1-1 from the edge of the channel bandwidth. This is only applied to 5MHz offset; therefore, it is possible to place the channel bandwidth up to the band edge of Band 65 depending on the deployment scenario.
Table 3.3-2: NS_yy

	Frequency band

(MHz)
	Channel bandwidth / 

Spectrum emission limit 

(dBm)
	Measurement bandwidth

	
	5 MHz, 10 MHz, 15 MHz, 20 MHz
	

	Band 34
	-40
	MHz

	NOTE 1:
The requirement does not apply to the frequency ranges that are less than 5MHz from the edge of the channel bandwidth.


3.4 A-MPR tables for Band 65
Table 3.4-1 is the A-MPR table for 15/20MHz channel bandwidths within 1920-1960 MHz for PHS protection by NS_05. See [15] for the simulation results.
Table 3.4-1: A-MPR for NS_05
	Channel bandwidth [MHz]
	Parameters

	15
	Fc [MHz]
	1932.5

	
	RBstart
	0 - 6
	7 -66
	67 -74

	
	LCRB [RBs]
	≥ 1
	≤ 30
	31-55
	1
	2-8

	
	A-MPR [dB]
	≤ 11
	0
	≤ 3
	≤ 5
	0

	20
	Fc [MHz]
	1930
	1950

	
	RBstart
	0-23
	24-75
	76-99
	0-5
	5-16
	17-82

	
	LCRB [RBs]
	≥ 1
	≤ 24
	25-48
	50
	≤ 2
	> 2
	≥ 1
	> 81
	

	
	RBstart + LCRB [RBs]
	
	
	
	
	
	
	
	
	> 94

	
	A-MPR [dB]
	≤ 11
	0
	≤ 3
	≤ 4
	≤ 2
	0
	≤ 1
	≤ 1
	≤ 1


Table 3.4-2 and Table 3.4-3 are the A-MPR tables for Band 34 protection at -50 dBm/MHz and -40 dBm/MHz limits, respectively, by NS_xx and NS_yy. Pemax scenarios are also included in the tables. See [9,10] for the simulation results and proposed tables.
Table 3.4-2: A-MPR table for NS_xx
	Channel Bandwidth [MHz]
	Parameters

	5
	Fc [MHz]
	Fc > 1987.5

	
	RBstart
	0 - 24

	
	LCRB [RBs]
	0 - 24

	
	A-MPR [dB]
	≤ 8

	10
	Fc [MHz]
	Fc = 1985
	Fc > 1985

	
	RBstart
	0 - 43
	44 - 49
	0 - 49

	
	LCRB [RBs]
	> 36
	1
	0 - 49

	
	A-MPR [dB]
	≤ 2
	≤ 3
	≤ 16

	15
	Fc [MHz]
	1972.5 < Fc ≤ 1987.5
	Fc > 1987.5

	
	RBstart
	0 - 11
	12 - 46
	47 - 74
	0 - 74

	
	LCRB [RBs]
	1
	> 36
	> 20
	N/A
	0 - 74

	
	RBstart + LCRB [RBs]
	N/A
	N/A
	N/A
	> 48
	N/A

	
	A-MPR [dB]
	≤ 2
	≤ 8
	≤ 7
	≤ 7
	≤ 17

	20
	Fc [MHz]
	1970 < Fc ≤ 1990
	Fc > 1990

	
	RBstart
	0 - 13
	14 - 60
	61 - 99
	0 - 99

	
	LCRB [RBs]
	> 0
	1 - 12
	> 12
	 
	0 - 99

	
	A-MPR [dB]
	≤ 15
	≤ 2
	≤ 15
	≤ 16
	≤ 17


Table 3.4-3: A-MPR table for NS_yy
	Channel Bandwidth [MHz]
	Parameters

	5
	Fc [MHz]
	Fc > 1997.5

	
	RBstart
	0 – 12
	13 - 24

	
	LCRB [RBs]
	> 12
	N/A

	
	RBstart + LCRB [RBs]
	N/A
	≥ 25

	
	A-MPR [dB]
	≤ 5
	≤ 1

	10
	Fc [MHz]
	1985 < Fc ≤ 1995
	Fc > 1995

	
	RBstart
	0 - 45
	46 - 49
	0 – 7
	8 - 21
	22 - 49

	
	LCRB [RBs]
	> 27
	> 2
	0 - 6
	> 25
	> 20
	N/A

	
	RBstart + LCRB [RBs]
	N/A
	N/A
	N/A
	N/A
	N/A
	> 39

	
	A-MPR [dB]
	≤ 5
	≤ 1
	≤ 5
	≤ 10
	≤ 8
	≤ 9

	15
	Fc [MHz]
	1972.5 < Fc ≤ 1987.5
	Fc > 1987.5

	
	RBstart
	0 - 68
	69 - 74
	0 - 74

	
	LCRB [RBs]
	> 45
	0 - 2
	0 - 74

	
	A-MPR [dB]
	≤ 4
	≤ 1
	≤ 11

	20
	Fc [MHz]
	1970 < Fc ≤ 1990
	Fc > 1990

	
	RBstart
	0 - 12
	13 - 54
	55 - 99
	0 - 99

	
	LCRB [RBs]
	0 - 6
	> 50
	> 36
	N/A
	0 - 99

	
	RBstart + LCRB [RBs]
	N/A
	N/A
	N/A
	> 78
	N/A

	
	A-MPR [dB]
	≤ 5
	≤ 9
	≤ 8
	≤11
	≤ 11


4 Conclusion

In this paper, we discuss the remaining open issues in specifying Band 65 UE requirement for Region 3; a text proposal to TS 36.861 is provided in [16] and a corresponding draft CR is available in [17].
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