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Introduction
In RAN#65, the extended band plan, 2x90MHz, was approved in the condition stated in [1] as “The starting assumption is that we will have the 2x90 Band Plan, however, in the 1st Phase of the work we will evaluate potential impacts on 1920-1980 MHz, 2110-2170 MHz before making a final decision on the Band Plan. If any impact on performance or any changes w.r.t. existing requirements of Band-1 are found, then we will re-visit the Band Plan assumption.”

The main open issue to study the impact on performance is the UE duplexer assumption for the 2x90MHz arrangement. In this paper, we discuss the possible UE duplexer options and analyze pros and cons.


Discussion
UE duplexer options
According to the RAN#65 decision, the band plan is 90MHz assuming the performance is not negatively affected.  It is RAN4 responsibility to conclude if 90MHz band plan is feasible.
The biggest open issue is the UE duplexer assumption for the 2x90MHz arrangement in order to investigate the expected performance w.r.t. exiting requirement of Band 1. So far in RAN4 [3-6], the following duplexer assumptions have been discussed for the 2x90MHz arrangement, although this is just a list of options discussed so far and is not restricted to it[footnoteRef:1]. [1:  For example, 2x60+2x30MHz is also discussed in [6]. 60MHz pass-band can be another option for the higher duplexer.] 

1. Dual duplexers covering 1920-1970/2110-2160 MHz and 1960-2010/2150-2200 MHz (2x50+2x50 MHz) [3]
2. Dual duplexers covering 1920-1980/2110-2170 MHz and 1960-2010/2150-2200 MHz (2x60+2x50 MHz) [6]
3. Dual duplexers covering 1920-1980/2110-2170 MHz and 1940-2010/2130-2200 MHz (2x60+2x70 MHz) [6]
4. Dual duplexers covering 1920-1980/2110-2170 MHz and 1920-2010/2110-2200 MHz (2x60+2x90 MHz) [4,5]
5. Single duplexer covering 1920-2010/2110-2200 MHz (2x90 MHz) [5]
Support of Band 1
It is the most common understanding that Band 1 is also supported with the same duplexer [4,5,6]. In case of the dual duplexer options, it is straightforward to use the lower duplexer for Band 1. However, Option 1 cannot cover Band 1 in the lower duplexer, thus this option is not recommended for further investigation.

Flexibility of band usage
The dual duplexer options have limitation in channel placement and carrier aggregation. It is not possible to support configurations if carrier(s) are not covered by one duplexer. This limitation is illustrated in Figure 1. 
The main benefit of Option 2 is that 20MHz channel can be placed anywhere within the band. However, contiguous 2DL CA has some limitations where to place 2 carriers.
On the other hands, Option 3 has a 40MHz overlap in dual duplexers, therefore 2DL contiguous CA has no limitation in the carrier allocation. However, 3DL CA or non-contiguous CA will have some limitations.
The maximum flexibility is achieved in Option 5 with the single duplexer. There is no limitation in channel placement, intra-band contiguous and non-contiguous CA.


Figure 1: Limitation in channel placement and carrier aggregation for different duplexer assumptions

Duplexer Insertion loss
Some simulation data of the duplexer insertion loss have been already provided to RAN4 for 50, 70, and 90MHz pass-band bandwidth [7-11]. The simulation data can be used as a basis of our discussion about the expected performance for different duplexer options.
So far it is expected that the duplexer with 90MHz bass-band has larger insertion loss than Band 1 duplexer. Further study is encouraged to make the conclusion about the feasibility of 2x90 duplexer.
 
Switch loss in dual duplexer
One possible issue in dual duplexer architecture is a switch loss [12]. Figure 2 in the following is taken from Figure 8.2.1.1-1 in TR36.820. As PA is shared for the higher and lower duplexers, this front-end loss caused by the additional switch shall be taken into account. The Band 1 requirement for the UE power class 3 is  23 dBm ±2 dB, which should be applied to the extended band, too. Also in the antenna side, one extra port in the antenna switch is required
The multi-mode multi-band PA is widely used today in the UE supporting multiple bands. Thus the switch matrix for PA is usually expected. Thus an additional port for one more duplexer should not cause a significant loss.
It is also noted that the additional switch for PA is required even for the 30MHz standalone band plan if Band 1 is supported together. This is because PA is shared between Band 1 and the standalone band, then the single PA is connected to two duplexers via the switch. Since Band 1 is a core global band and is supported in most UEs. Therefore the switch is usually needed for the UE supporting the MSS spectrum.



Figure 2: basic split-duplexer approach using one antenna-switch port

Implication to UE-to-UE coexistence
The UE-to-UE coexistence has been already addressed in [2]. The required A-MPR values to protect Band 34 have been studied. No significant impact is expected for the dual duplexer options regarding the coexistence requirement. The assumption is that the lower duplexer is reused for Band 1 so that the emission to Band 34 is already suppressed for the TX frequency range covered by the lower duplexer. The TX frequency covered by the higher duplexer requires the A-MPR. 
For the single duplexer option, there is no lower duplexer that can suppress the emission to Band 34; so it is likely some A-MPR is needed to meet the spurious emission requirement even for the TX frequency range of Band 1 uplink. Thus the existing coexistence requirement of Band 1 and Band 34 (i.e., without A-MPR) is not likely satisfied. It is expected that the single duplexer cannot be reused for Band 1.

Summary and conclusion
We have discussed pros and cons of different duplexer options shown in the following table.

Table 1: Pros and Cons for duplexer options
	Duplexer option
	Pros
	Cons

	2x50+2x50
	A better insertion loss than other options is expected.
	The lower duplexer cannot be reused for Band 1.
Limitation in 20MHz channel placement.
Limitation in non-contiguous CA.
Limitation in 2DL contiguous CA.

	2x60+2x50
	The lower duplexer can be reused for Band 1.
20MHz channel can be placed anywhere in the band.
	Limitation in non-contiguous CA.
Limitation in 2DL contiguous CA.
Slightly larger insertion loss than 2x50+2x50.

	2x60+2x70
	The lower duplexer can be reused for Band 1.
20MHz channel can be placed anywhere in the band.
2DL contiguous CA (Class C) is possible for all the frequency range in the band.
	Limitation in non-contiguous CA.
Limitation in 3DL contiguous CA.
Slightly larger insertion loss than 2x60+2x50.

	2x60+2x90
	The lower duplexer can be reused for Band 1.
All contiguous and non-contiguous intra-band CA are possible.
	The studies so far indicate that that the Band 1 performance in the higher duplexer may be at risk due to large insertion loss.

	2x90
	The most flexible deployment is possible.
All contiguous and non-contiguous intra-band CA are possible.
Duplexer switch is not required.
	The studies so far indicate that that the Band 1 performance may be at risk due to large insertion loss.
The Band 1 coexistence requirement with Band 34 is not likely satisfied.




Reference
[1]  RP-141710	Revised WID for WI 2GHz FDD LTE Band for Region 1 (1980-2010MHz and 2170-2200MHz Bands)
[2]  TR 37.846	Study on 2GHz Frequency Division Duplex) FDD for Universal Terrestrial Radio Access (UTRA) and LTE in Region 1 (1980-2010 MHz and 2170-2200 MHz Bands)
[3]  R4-135150	UE filter design for extended 2GHz MSS band, KT, LG U+, ETRI
[4]  R4-135235 	Discussion on the bands 1980-2010 MHz and 2170-2200 MHz in Region 1 and 3, NSN
[5]  R4-142997	Band arrangement for the 2GHz band, Ericsson
[6]  R4-144562	Consideration for Channel arrangements of S-band, LG Electronics
[7]  R4-140249	Consideration of passband width for 1980-2010 MHz & 2170-2200 MHz Bands, NTT DOCOMO, INC.
[8]  R4-140436	Further analysis encouragement for LTE FDD in the bands 1980-2010 MHz and 2170-2200 MHz, KDDI
[9]  R4-141289	Band option for MSS spectra, KDDI
[10]  R4-141802	Band plan for 1980-2010 MHz and 2170-2200 MHz, NTT DOCOMO, INC.
[11]  R4-143608	Duplexer characteristics for S-band UE, LG Electronics
[12]  R4-142961	Band plan for MSS 2 GHz, Qualcomm Incorporated
4

image2.emf
 

Tx  

Tx  

Rx  

Rx  

s  

PA  

LNA  

ANT  switch  


oleObject2.bin

image1.emf
2x90

2x60+2x70

2x60+2x50

1920/2110 1980/2170 2010/2200 MHz

20MHz

20MHz 20MHz

2DL CA

1DL

Possible anywhere with 

2x60+2x50, 2x60+2x70 and 2x90

Possible anywhere with 

2x60+2x70 and 2x90.

20MHz 20MHz

2DL non-contiguous CA

Possible anywhere with 2x90.

2x50+2x50


oleObject1.bin
2x90


2x60+2x70


2x60+2x50


1920/2110


1980/2170


2010/2200 MHz


20MHz


20MHz


20MHz


2DL CA


1DL


Possible anywhere with 2x60+2x50, 2x60+2x70 and 2x90


Possible anywhere with 2x60+2x70 and 2x90.


20MHz


20MHz


2DL non-contiguous CA


Possible anywhere with 2x90.


2x50+2x50



