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1
Introduction
The SI on the AWS-extension initially considered three different band plans:

1. 70+70 (1710 - 1780 MHz / 2110 - 2180 MHz, fixed duplex)

2. 70+90 (1710 - 1780 MHz / 2110 - 2200 MHz, variable duplex)

3. 85+90 (1695 - 1780 MHz / 2110 - 2200 MHz, variable  duplex)

These alternatives have been analysed during the past RAN4 meetings [2-6]. In addition, a WF was agreed at RAN4#72bis to include an additional alternative
4. 70+90 (1710 - 1780 MHz / 2110 - 2200 MHz, fixed duplex)

A summary of the analysis discussed in the past meetings is proposed to be introduced in the TR. Duplexer data [2], [8] is also included in the TP. Finally, a recommendation for the WI phase is proposed. 
This is a revision of R4-147609
3 Proposal

It is proposed that the attached text proposal below is approved and included in the AWS band TR.
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6
List of band specific issues for the extension of the AWS Band
Three possible band plans are included in the SID for further analysis:
Alternative 1: 70+70 (1710 - 1780 MHz / 2110 - 2180 MHz)
Alternative 2: 70+90 (1710 - 1780 MHz / 2110 - 2200 MHz, variable duplex spacing)
Alternative 3: 85+90 (1695 - 1780 MHz / 2110 - 2200 MHz, variable duplex spacing)

· An additional alternative was also introduced during RAN4#72bis
Alternative 4: 70+90 (1710 - 1780 MHz / 2110 - 2200 MHz, fixed duplex spacing)
· General issues: implications of the different alternative band plans need to be considered 
· E-UTRA specific issues
· UE duplexer analysis
· BS Co-existence with base stations operating in adjacent frequency bands

7
General issues

7.1. 
Alternative 1: 70+70 MHz band plan

This band arrangement would comply with the Basic interoperability requirement included in [4]. It corresponds to a 25MHz extension of the current Band 4 (1710-1755/2110-2155MHz). 

According to [4], the spectrum 1755-1780MHz will be auctioned paired with 2155-2180MHz. Thus, the same duplex spacing as for Band 4 (400MHz). 
Conclusion:This is the minimum spectrum to allocate in the band plan and be compliant with the FCC mandate. It is also the simplest of all the band plans under study, both from standardization and implementation perspectives..
7.2. 
Alternative 2: 70+90 MHz band plan with variable spacing

This alternative adds 20MHz of DL compared to Alternative 1 and it follows the FCC expectations on AWS-3 licenses to extend interoperability across AWS-1/3/4 (1710-1780/2110-2200MHz), [4].

The width of the DL operating band is larger than the UL operating band; therefore it seems straight forward to consider that variable duplex spacing is needed. When looking into the spectrum allocation more in detailed, it is observed that there are a limited set of possible combinations. 

The spectrum within 1710-1755/2110-2155MHz is paired today and 1755-1780/2155-2180MHz will also be auctioned as paired spectrum. The DL within 2180-2190MHz could potentially be paired together with the DL block 2170-2180MHz (20 MHz DL channel) with  the UL at 1770-1780MHz, see Figure 7.2-1. This would imply a different duplex spacing than 400MHz and it may also include asymmetric UL and DL channel bandwidths
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Figure 7.2-1: Frequency blocks within 1710-1780/2110-2200MHz and possible pairings for alternative 2

The DL within 2180-2200MHz could also be used in a CA manner, see Alternative 4.

Conclusion: This alternative follows the FCC expectation on interoperability across AWS-1/3/4. It  requires special look into the necessary duplex spacing(s),in addition to the fixed spacing of 400MHz. It will require the inclusion of asymmetric UL and DL channel bandwidths in the standards. 
7.3. 
Alternative 3: 85+90 MHz band plan

The UL in this alternative is further extended compared to alternative 2. In this scenario, the UL within 1700-1720MHz could be paired with the DL in 2110-2120MHz. This corresponds to a traffic scenario with a UL/DL ratio larger than one in the entire network. Another pairing alternative could be between carriers within the UL in 1695-1710MHz and the DL 2180-2200MHz, as illustrated in Figure 7.3-1 (this is an example of UL/DL traffic ratio greater than one in the entire network) 
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Figure 7.3-1: Frequency blocks within 1710-1780/2110-2200MHz and possible pairings for alternative 3

One can think of using the unpaired UL in CA mode (similarly to the use of DL-only / SDL bands).  However, CA has been specified in 3GPP under the assumptions of (Number of DL CC >=  Number of UL CC)

Conclusion: this alternative would require changes across the different 3GPP specifications and not only RAN4 to enable for the aggregation of more UL than DL CCs. It also requires special look into the necessary duplex spacing(s). In addition to the fixed spacing of 400MHz and potentially the inclusion of asymmetric UL and DL channel bandwidths in the standards. 

7.4. 
Alternative 4: 70+90 MHz band plan with fixed spacing

The band plan in this alternative is as in Alternative 2. However, in this case, only fixed duplex spacing, 400MHz (as per Band 4) is considered. In this scenario, the DL within 2180-2200MHz is only to be used as SCell (secondary cell) and it could be aggregated with another DL carrier either within 2110-2180MHz or other band. 

Conclusion: this alternative follows the FCC expectation on interoperability across AWS-1/3/4. It is equivalent to the specification of a 70+70MHz band plan with additional DL-only spectrum at 2180-2200MHz,
<next section changed >
8
Study of E-UTRA specific issues

8.1. UE duplexer analysis
Table 8.1-1 and Table 8.1-2 show the additional IL compared to Band 4 for a 70+70MHz and 70+90MHz and plans. Data is presented for SAW design at ETC. Both vendors indicated an additional 0.5 dB insertion loss for Rx for the 70+70 band plan and around 1 dB additional loss for the 70+90 band plan. 
Table 8.1-1 Additional IL for 70+70 band plan compared to Band 4 duplexer
	70+70
	Tx
	Rx
	Tx Iso
	Rx Iso

	Vendor A
	1 dB
	0.5 dB
	52 dB min
	49 dB min

	Vendor B
	0.5 dB
	0.5 dB
	50 dB min
	50 dB min


Table 8.1-2 Additional IL for 70+90 band plan compared to Band 4 duplexer
	70+90
	Tx
	Rx
	Tx Iso
	Rx Iso

	Vendor A
	1 dB
	1,3 dB
	52 dB min
	48 dB min

	Vendor B
	0.5 dB
	1 dB
	50 dB min
	50 dB min


More duplexer data (at ETC) is presented in Table 8.1-3. Similar difference on RX IL between a 70+70 and 70+90MHz band plan as in Table 8.1-1, Table 8.1-2 is shown. Additionally, the increased on TX IL by the increase of the TX passband from 70MHz to 85MHz  is about 0.6dB. 
Table 8.1-3: Simulated filter data for candidate band plans

	
	TX IR  Max
	RX IR  Max
	TX Isolation  Min
	RX Isolation  Min

	
	Vendor A

	70+70MHz
	2.15 dB
	2 dB
	60 dB
	60 dB

	70+90MHz
	2.2 dB
	2.5 dB
	60 dB
	60 dB

	85+90MHz
	2.75 dB
	2.55 dB
	59 dB
	59 dB

	
	Vendor B

	70+70MHz
	2.2 dB
	2.4 dB
	51 dB
	46 dB

	70+90MHz
	2.3 dB
	2.9 dB
	51 dB
	46 dB

	85+90MHz
	3 dB
	2.8 dB
	50 dB
	44 dB

	
	Vendor C

	70+70MHz
	2.5 dB
	3.1 dB
	51 dB
	52 dB

	70+90MHz
	2.5 dB
	3.5 dB
	49 dB
	50 dB

	85+90MHz
	Not Provided
	Not Provided
	Not Provided
	Not Provided

	
	Average

	70+70MHz
	2.28 dB
	2.5 dB
	54 dB
	52.7 dB

	70+90MHz
	2.33 dB
	2.97 dB
	53.3 dB
	52 dB

	85+90MHz
	2.88 dB
	2.68 dB
	54.5 dB
	51.5 dB


Table 8.1-4 includes duplexer data for the different alternatives in comparison with Band 4. 
Table 8.1-4: Simulated filter data for candidate band plans

	Vendor
	BW Options
	Tx
	Rx
	Tx isolation
	Rx isolation

	
	Tx/Rx
	typ
	wc
	Degrade
	typ
	Wc
	Degrade
	typ
	wc
	Degrade
	typ
	wc
	Degrade

	A
	B4 
	1.1
	1.7
	 
	1.7
	2.2
	 
	56
	54
	 
	58
	50
	 

	
	70x70
	2
	2.5
	0.8
	2.7
	3.1
	0.9
	54
	51
	3
	56
	52
	-2

	
	70x90
	 
	2.5
	0.8
	 
	3.5
	1.3
	 
	49
	5
	 
	50
	0

	
	85x90
	 
	3.3
	1.6
	 
	3.5
	1.3
	 
	49
	5
	 
	47
	3

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	B
	B4
	1.4
	1.8
	 
	1.8
	2.2
	 
	60
	55
	 
	59
	50
	 

	
	70x70
	2.3
	2.9
	1.1
	1.9
	2.9
	0.7
	60
	55
	0
	55
	50
	0

	
	70x90
	2.3
	2.9
	1.1
	3
	3.5
	1.3
	60
	55
	0
	55
	50
	0

	
	85x90
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	C
	B4
	1.5
	2
	 
	2.1
	2.5
	 
	58
	55
	 
	50
	47
	 

	
	70x70
	1.8
	2.5
	0.5
	2.3
	2.8
	0.3
	56
	53
	2
	53
	50
	-3

	
	70x90
	1.8
	2.5
	0.5
	2.5
	3.5
	1
	56
	53
	2
	50
	45
	2

	
	85x90
	2.2
	3
	1
	2.5
	3.5
	1
	55
	~50
	5
	50
	45
	2

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	D
	B4
	1.65
	1.8
	 
	1.5
	1.8
	 
	60
	 
	 
	60
	 
	 

	
	70x70
	2
	2.15
	0.35
	1.7
	2
	0.2
	60
	 
	 
	60
	 
	 

	
	70x90
	2
	2.2
	0.4
	2.15
	2.5
	0.7
	60
	 
	 
	60
	 
	 

	
	85x90
	2.25
	2.75
	0.95
	2.2
	2.55
	0.75
	59
	 
	 
	59
	 
	 

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	E
	B4
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	70x70
	1.7
	2.2
	0.375
	1.9
	3
	0.825
	 
	> 55
	0
	 
	> 55
	0

	
	70x90
	1.9
	2.4
	0.575
	2
	3.5
	1.325
	 
	55
	0
	 
	55
	0

	
	85x90
	2
	3
	1.175
	2
	4
	1.825
	 
	55
	0
	 
	55
	0

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Avg
	B4
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	70x70
	 
	 
	0.625
	 
	 
	0.585
	 
	 
	1.25
	 
	 
	-1.25

	
	70x90
	 
	 
	0.675
	 
	 
	1.125
	 
	 
	1.75
	 
	 
	0.5

	
	85x90
	 
	 
	1.18125
	 
	 
	1.21875
	 
	 
	3.333333333
	 
	 
	1.666666667


<end of text proposal >
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