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1. Introduction

This contribution is the updated version of R4-113507. In RAN4#59, REFSENS for Band 26/XXVI was intensively discussed. During the discussion, the key point was whether Band 26/XXVI REFSENS should be more than “Band 5/V + 0.5 dB” or not. However, the final conclusion could not be made. In this contribution, first we make clear our proposed REFSNES for Band 26/XXVI. Second, we discuss the feasibility whether terminals with Band XXVI/26 duplexer can satisfy the UMTS Band II REFSENS or not. The reason is that Band II has the same REFSENS as that of Band V. In addition, in practice, it would be natural to think that the Band II terminals have smaller margin to satisfy the Band II/V REFSENS that Band V terminals do. Thus, Band 26/XXVI duplexer’s performance should be better or at least equal to that of Band II to meet the Band II REFSENS. Third, we discuss the feasibility of producing Band 26/XXVI duplexer as simulated. Finally, we discuss how to define the REFSENS for Band 26/XXVI. Note that in this contribution, we show Band II and Band VIII duplexer performances. However, there is no intension to point out the inconsistency of the current RAN4 specifications. The intention is that to prove that Band 26/XXVI terminals can satisfy Band II as well as Band V REFSENS.
2. Discussion

2.1. Brief review
This section briefly reviews our proposal which we have made in the previous meetings. The proposed REFNSES values for Band 26/XXVI are summarized in Table 2.1-1 and Table 2.1-2, respectively. From the below tables, seemingly it seems that the proposed REFSENS for Band 26/XXVI is the same as those for Band 2/II and 5/V. However, as for LTE, the REFSENSs for 1.4 and 3 MHz CBW are different from those for Band 5. Thus, our proposal for Band 26 REFSNES is not completely the same as that for Band 5 REFSENS. The reasons are shown in section 2.6.
Table 2.1-1: Test parameters for reference sensitivity for UMTS
	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


Table 2.1-2: Reference sensitivity QPSK PREFSENS for LTE
	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


2.2. Feasibility of adding Band II REFSENS to Band XXVI
In this section, we study the feasibility of adding the UMTS Band II REFSENS requirement to the UMTS Band XXVI specifications. The reason is that Band II has the same REFSENS as that of Band V. In addition, in practice, the duplexer’s performance would not be better than that of Band V. Thus, to define Band XXVI REFSENS as Band V, Band XXVI duplexer’s performance should be better or at least equal to that of Band II. The below Table 2.2-1 summarizes typical Band II duplexer Rx ILs. Note that according to the vendors or sometimes even within the same vendor, ways of guaranteeing each Rx IL are different. In the below Table 2.2-1, the values in blue box come from the integrated method and the values in magenta come from the non-integrated method. In details, see datasheet from each vendor.
Table 2.2-1: Band II Rx ILs of various device vendors
	No
	Vendor
	Type
	Rx IL
(max)
	Remarks

	1
	A
	ACMD-4102
	3.6 dB
	Rx IL@ 1930.48 – 1989.52 MHz
Integrated IL over any 3.84 MHz channel within the band.
In detail, see [1]

	2
	A
	ACMD-7407
	3.2 dB
	Rx IL@ 1930.48 – 1989.52 MHz
Integrated IL over any 3.84 MHz channel within the band.
In detail, see [2]

	3
	A
	ACMD-7410
	3.2 dB
	Rx IL@ 1930.48 – 1989.52 MHz
Integrated IL over any 3.84 MHz channel within the band.
In detail, see [3]

	4
	M
	SAYZY1G88CA0B00
	3.8 dB
	Rx IL@ 1930.48 – 1989.52 MHz
In detail, see [4]

	5
	M
	SAYFP1G88CA0B00
	4.4 dB
	Rx IL@ 1930.48 – 1989.52 MHz
In detail, see [5] 

	6
	E
	B7955
	3.7 dB
	@fCarrier 1932.4 ... 1987.6MHz 
In detail, see [6]

	7
	E
	B7692
	3.5 dB
	@fCarrier 1932.4 ... 1987.6MHz 
In detail, see [7]


From the above data, we can see the followings.

· Even Rx IL is 4.4 dB, Band II requirement can be met for non-integrated method case.

· Even Rx IL is 3.7 dB, Band II requirement can be met for integrated method case.

Next, the simulation data of Band 26/XXVI duplexer is shown in Table 2.2-2. 
Table 2.2-2: Band 26/XXVI Rx IL simulation results
[image: image1.emf]
From the above data, we can see the following results.

· Max Rx IL = 3.41 dB@ 859.25 – 893.75 MHz

· Max Rx IL = 2.64 dB@ fCarrier 861.4 ... 891.6 MHz (In detail, see [6, 7])
The former 3.41 dB can be compared to the results from the vendor M. The latter 2.64 dB can be compared to the results form the vendors A and E. From these data, it can be seen that Rx IL of Band II would be always larger than that of Band XXVI. Thus, it would be feasible for Band XXVI terminals to meet UMTS Band II REFSENS. Note that Rx IL is not always the only parameter to determine REFESNS. However, in 3GPP, the manner of using NF was introduced when Band I REFSENS was determined. From this point of view, the REFSENS of Band II would be reasonable to be relaxed by 2 dB compared to Band I REFNSES. The reason is that the difference of Rx IL between Band I and II is around 2 dB (4.4 dB – 2.0 dB) since typical Band duplexer’s Rx IL is around 2 dB.
· Observation 1: UMTS Band XXVI duplexer’s Rx IL is smaller than that of Band II.

2.3. Feasibility of producing simulated Band XXVI duplexer
Next, the feasibility of producing Band XXVI duplexers as simulated is discussed. To confirm the feasibility, Band VIII duplexer data is compared to the simulation results for Band XXVI. The reason is that their relative frequency ratio and absolute frequency are similar. The data of Band VIII duplexers are summarized in Table 2.3-1.

Table 2.3-1: Band VIII Rx ILs of various device vendors
	number
	Vendor
	Type
	Rx IL
(max)
	Remark

	1
	A
	ACMD-7606
	3.0 dB
	Rx IL@ 927.4 – 957.6 MHz
Integrated IL over any 3.84 MHz channel within the band.
In detail, see [8]

	2
	A
	ACMD-7610
	3.0 dB
	Rx IL@ 927.4 – 957.6 MHz
Integrated IL over any 3.84 MHz channel within the band.
In detail, see [9]

	3
	M
	SAYFP897MBA0B00
	3.5 dB
	Rx IL@ 925.48 – 959.52 MHz
In detail, see [10]

	4
	M
	SAYRJ897MCA0B0A
	3.0 dB
	Rx IL@ 927.4 – 957.6 MHz
In detail, see [11] * Integration calculation

	5
	E
	B7675
	2.7 dB
	@fCarrier 927.4 ... 957.6MHz
In detail, see [12]

	6
	E
	B7953
	2.9 dB
	@fCarrier 927.4 ... 957.6MHz 
In detail, see [13]

	7
	T
	FAR-D5NH-942M50-M1Y9
	3.3 dB
	Rx IL@ 925.4 – 959.6 MHz
In detail, see [14]

	
	
	
	2.8 dB
	Integrated over +/-1.92MHz around the WCDMA channel center frequency
In detail, see [14]

	8
	T
	FAR-D5NF-942M50-P1GZ
	3.3 dB
	Rx IL@ 925.4 – 959.6 MHz
In detail, see [15]

	
	
	
	2.8 dB
	Integrated over +/-1.92MHz around the WCDMA channel center frequency
In detail, see [15]


From the above data, we can see the followings. Note that quality of the products as a duplexer does not always depend on the amount of Rx IL.
· Rx IL for Band VIII is 3.5 dB is the worst for non-integrated method. -> Simulation is 3.41 dB for Band XXVI.
· Rx IL for band VIII is 3.0 dB is the worst for integrated method. -> Simulation is 2.64 dB for Band XXVI.
Here we assume that we can produce Band XXVI duplexer which has at least Band VIII performance as the worst case scenario. Then, even the worst case Rx ILs such as 3.5 dB and 3.0 dB are still smaller than those of Band II Rx ILs, respectively.  Thus, it would be reasonable to think the following.
· Observation 2: It is feasible for Band XXVI duplexers having smaller Rx IL than that of Band II to be produced as simulated.
2.4. Other aspects

In the last RAN4 meeting, there were arguments about what the purpose of introducing this band is and so on. In this section, why our proposed REFSENS for Band 26/XXVI to be essential is discussed in terms of market situation and UE implementation. 

First, we need to review the original objective of introducing this band. The original objective is the following in [16].

<A portion of the original objective>

“ the specifications shall be the same or better than those of Band V/5.” 
From the above sentence, it seems we are in a little bit strange situation. The reason is that we discussed “whether Band 26/XXVI REFSENS should be more than “Band 5/V + 0.5 dB” or not in the last meeting. Next, we take a look at a portion of the original justification. 

<A portion of the original justification>

“Having many different bands that are different in different locations in the world, although overlapping each other, create a problem for UE implementations since the number of bands available in one UE is limited and this will reduce the economy-of-scale
It is self-evident that UMTS Band V has been deployed worldwide. In addition, it is also self-evident that if the current UMTS Band V operators try to use Band 26 as LTE deployment, still they have to continue to use “UMTS Band V” for a certain time. If this happens, then, their LTE Band 26 terminals have to support UMTS Band V as well with a single Band 26 duplexer. Some companies might say there might be the case they implement two duplexers for Band 26 and Band V, respectively. However, at this point, the original justification is not satisfied.  Moreover, in that case, we would not be able to find any merits for them to implement two duplexers into one terminal. From that point of view, if the two duplexers are required, then, originally it would be difficult for the current Band V operators to select Band 26 as LTE. 

There is another argument raised in the last meeting that LTE Band 26 terminals do not have to satisfy Band V REFSENS over the whole Band V frequency. The reason is that for example, in the United State, UMTS Band V operators use Band V up to 845 MHz for UL and 890 MHz for DL. However, there are two aspects we need to consider. The first one is that the Band 26/XXVI was proposed as a global band. This means we have to consider not only the situation in the United States but also that in other countries. From that point of view, it is expected that there would be some operators who use Band V up to 849 MHz for UL and up to 894 MHz for DL. 

The second one is that the developer can not consider each the situation in country. They just try to satisfy the requirements in 3GPP. Thus, if the current Band V operators try to use LTE Bans 26, either way, the LTE Band 26 terminals have to satisfy Band V requirements with a single Band 26 duplexer over the whole frequency range of Band V. To satisfy the requirements over a portion of Band V frequency is not sufficient. Eventually, the terminals would not be able to pass certifications such GCF and so on. 
Observation 3: It is essential for LTE Band 26 terminals to satisfy Band V requirements over the whole Band V frequency range to achieve its original WI objective.
2.5. Proposal for UMTS Band XXVI REFSENS
From the observations 1, 2 and 3, it is natural that Band XXVI REFSENS should be the same as that of Band II/V.

Proposal 1: UMTS Band XXVI REFSNS should be the same as that of Band II/V.
2.6. Consideration on LTE Band 26 REFSENS
As for LTE, it would be also natural to accept the conventional manner that UMTS REFSENS is referred to LTE REFSENS. As the result of following the manner, the proposal is shown in the Table 2.1-2 in section 2.1.

As can be seen in the table, 1.4 and 3 MHz Channel bandwidths REFSENSs are relaxed by 0.5 dB compared to those of Band 5. We think there are at least three reasons for this relaxation are reasonable as follows. First, from the simulation data in Table 2.2-2, Rx IL is much larger at the band edges than that at the middle range. Thus, if these small channel bandwidths are placed at the band edges, the Rx ILs directly impact on the NFs. Second, Tx IL might be slightly larger than that of other easier bands like Band 1 and so on. Thus, it seems the REFSENS is susceptible to the effect of IM 2 since the output power right after PA might be large. Third, the channel bandwidths are smaller than that of the other channel bandwidths. Therefore, the impact of IM 2 issue would be larger compared to the large channel bandwidths. Considering the above things, it would be reasonable to specify these requirements for Band 26 to be slightly better or equal to those for Band 2.
Proposal 2: LTE Band 26 REFSNS should be the same as that of Band 2 for each channel bandwidth.

3. Conclusion

In this contribution, REFSENS for Band XXVI and 26 have been discussed. The proposals are as follows.
Proposal 1: UMTS Band XXVI REFSNS shall be the same as that of Band II/V.

Proposal 2: LTE Band 26 REFSNS shall be the same as that of Band 2 for each channel bandwidth
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