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1. Introduction

In the previous RAN4#59AH, there were intensive discussions on the Band 22 requirements. There are, however, still a lot of key remaining issues to be discussed for the concrete requirements in the specifications. One working assumption, which we have achieved, would be the requirements could be developed based on a split duplexer implementation utilizing the current state of the art technology. Note that this does not mean a single duplexer implementation is excluded. In this contribution, some key requirements such as MOP, REFSENS, and spurious emission band UE co-existence are discussed.
2. Discussion

2.1.  Split duplexer design
In this section, we assumed a split duplexer configuration as provided in the followings. Note that the scope of WI is to cover both LTE and UMTS. Therefore, at least 20 MHz overlap between three duplexers is required. It also noted that there would be various other possible implementations which is different from the below configuration. 
· Duplexer 1: UL: 3410 – 3460 MHz, DL: 3510 – 3560 MHz
· Duplexer 2: UL: 3440 – 3590 MHz, DL: 3540 – 3590 MHz.
2.2. Spurious emission band UE co-existence 
Even if a split duplexer configuration is assumed, the 20 MHz duplex gap in 3500 MHz is still challenging due to its small relative frequency ratio ( 20 MHz/ 3500 MHz = 0.57% ) from duplexer design point of view as shown in Figure 2.2-1. Specifically, this challenge applies to the Duplexer 2 since this duplexer is required to have some attenuation to protect the lower side of the Band 22 Rx. For this reason, this contribution provides some simulation results on Tx – Ant attenuation at 3510 MHz of the Duplexer 2 by three device vendors. The results show that at least 15 dB attenuation at 3510 MHz for Tx – Ant of Duplexer 2 can be obtained while maintaining reasonable performance of other characteristics of the Duplexer 2 as shown in Table 2.2-1. 
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Figure 2.2-1: Spurious emission band UE co-existence
Table 2.2-1: Simulation results for the Duplexer 2 from three device vendors
	item
	Frequency range (MHz)
	Vendor

	
	
	A
	B
	C

	
	
	IL (dB)＠ETC
	
	

	Tx-Ant
	3440 - 3490
	2.4
	3
	2.5

	
	3540 - 3590
	48.6
	45
	45

	
	3510 - 3540
	15.7
	15
	15

	Ant-Rx
	3440 - 3490
	50.5
	50
	50

	
	3540 - 3590
	2.2
	2.3
	2.0

	Tx-Rx ISO
	3440 - 3490
	52.6
	50
	50

	
	3540 - 3590
	50.2
	45
	45


Next, we take a look at the noise level without duplexer help. The duplex gap is 20 MHz, then, as a minimum requirement of the general E-UTRA spectrum emission mask, -25 dBm/1 MHz is guaranteed in TS 36.101. Thus, at least -40 dBm/1MHz (-25 dBm/1 MHz - 15 dB) can be defined as a minimum requirement [taking into account the duplexer help]. In addition, general spurious emission requirement starts from 3515 MHz when the 20 MHz channel bandwidth is operated in 3470 – 3490 MHz. Moreover, it would be expected that the Duplexer 2 can obtain at least 20 dB Tx – Ant@ 3520 MHz. Thus, -50 dBm/1 MHz@ 3520 MHz would be feasible.
On the other hand, we could expect some margin for the general E-UTRA spectrum emission mask. For example, as shown in [1], required A-MPR was evaluated under the assumption that 20MHz duplex gap can provide 10dB attenuation. As a result, no A-MPR was required for -40dBm/1MHz protection limit with 20MHz duplex gap. From this result, it can be seen that -45 dBm/ 1MHz can be feasible based on the 15dB attenuation of the Duplexer 2 instead of the 10dB attenuation considered in [1].
Finally, system performance point of view needs to be considered. If free space propagation loss of 1 GHz is compared with that of 3500 MHz, the difference is around 10dB, noting that in practice, RF characteristics such as antenna gain and so on are different between these two frequencies.
Based on the above discussions, in summary, the followings are proposed as a minimum requirement on the spurious emission band UE co-existence.

· Proposal 1: spurious emission band UE co-existence: Band 22 Tx to its own Rx
· [-40] dBm/1 MHz@ 3510 – 3520 MHz
· -50 dBm/1 MHz@ 3520 – 3590 MHz 
2.3.  Maximum Output Power (MOP):
As described in Figure 2.2-1, the working assumption is to adopt a split duplexer configuration. This means that one operating band will have four band edges in terms of duplexer as shown in Figure 2.3-1. In this section, each edge is carefully studied in terms of Delta TC and MOP lower tolerance
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Figure 2.3-1: Assumed and fine-tuned split duplexer
. 2.3.1 Delta TC

As shown in Figure 2.3-1, Delta TCs for A, B, C and D regions needs to be considered. Before the discussion, the following rule is adopted based on the previous RAN4 discussion according to [2].
All the bands that have the relative duplex gap < 1.75% should have DeltaTC relaxation..
If we just follow this rule both the Duplexers 1 and 2 should have Delta TC relaxation. This is because the relative duplex gaps for the Duplexers 1 and 2 are 1.43 % and 1.42 %, respectively. Thus, basically, all the four edges need to have Delta TC relaxation. The point is, however, that there have been not any cases that Delta TC is applicable to the middle range of an operating band, such as B and C regions in this case.

· Region C: Delta TC relaxation can be avoided.

· There is nothing to be protected below the lower side of the Duplexer 2 Tx.

· This will leave some room for duplexer vendors to design without having steep attenuation below that point.

· In practice, thanks to this high frequency, its impact on duplexer performance would be quite small.

· This comes from the fact that the relative frequency ratio of Tx pass-band of the Duplexer 1 is 1.44 %.

· Thus, the Duplexer 2 can be fine-tuned to avoid having steep attenuation as if the lower side of the pass-band is slightly extended.

· Region B: Delta TC relaxation can be avoided.

· The Duplexer 2 could be fine-tuned to avoid this issue in the following frequency range as shown in Figure 2.3-1.
· Duplexer 2: UL: 3436 – 3490 MHz, DL: 3536 – 3590 MHz
· Then, terminals can avoid using the upper side of the Duplexer 1 (3456 – 3460 MHz)
The next question is that the current Delta TC relaxation is applicable to 4 MHz region from the band edges. In practice, this 4 MHz comes from the fact that the manufacturing tolerance (±1000ppm * fSAW) and temperature drift (-35ppm/k * fSAW * T) will affect to filter response at the band edges [2]. It should be noted, however, different technologies would be applied to this high frequency region (i.e., 3.5GHz). 
The highest frequency operating band of FDD is Band 7 at this moment. Here we compare the feasibility of Band 7 (2.5GHz) with that of 3.5 GHz. 

· Manufacturing tolerance
· If we use the same manufacturing tolerance, then, additional 1 MHz would be produced ( 3.5 – 2.5 = 1 MHz ). 
· Temperature drift

· It is self-evident that for a 3.5 GHz split duplexer, -35ppm/k * fSAW * T  would not be applicable. Here we think at least -15ppm/k * fBAW or FBAR * T could be more appropriate. Note that we consider 50-degree temperature variation [2].
· 2.5GHz: -35ppm/k * fSAW * T = 4.375 MHz
· 3.5GHz: -15ppm/k * fBAW or FBAR * T = 2.625 MHz
· The difference is – 1.75 MHz
· Total: 1 – 1.75 = -0.75 MHz
It should be also noted that from the simulation data, the Tx IL of a 3.5 GHz split duplexer is quite reasonable even compared to those of the operating bands which do not have any Delta TC relaxation. It,should be noted, however, that the 3.5GHz is quite high and the technologies are still under development. Thus, we propose the followings.

· Proposal 2: Delta TC relaxation

· Region A and D: Delta TC is applied.

· Region B and C: Delta TC is not applied.

. 2.3.2 MOP and its tolerances
In the previous RAN4 meetings, some concerns on MOP for Band 22, 42 and 43 associated with their high frequency and wide bandwidth have been pointed out [3, 4].
In [3], specifically a concern on a loss of PA efficiency was raised in terms of the relative frequency ratio. In the case of Band 22, however, its relative frequency ratio is around 2.3 %. It can be seen that Band 22 should be discussed separately in this perspective since the value itself is quite smaller than that of Band 41’s relative frequency ratio of 7.48 %. Next, we need to consider the increase in the front end insertion loss including a SW, duplexer and line loss as well as the decrease in the PA gain [4]. It would be true that the increase in the drawbacks comes from laws of physics. In order to compensate for these drawbacks, something needs to be paid at the price of such as size and cost and so on.

 Nonetheless, it would be premature to relax this critical requirement from the very beginning. Before that it would be necessary to consider its UE implementation as well as its deployment scenario and so on. We think that this band would be used for some scenarios such as laptop PCs. Maybe we can overcome these drawbacks coming from law of physics, and Band 41 will overcome its large relative frequency ratio. Thus, we propose the following.
· Proposal 3: MOP and its tolerances
· 23 dBm

· Tolerance= =+2/ [-2] dB
2.4.  Reference sensitivity level (REFSENS)
In the previous RAN4 meetings, some concerns and proposals for Band 22, 42 and 43 associated with their high frequency and wide bandwidth have been provided [3, 4].

· In [4]: REFSENS may be degraded by 3.5 dB or more compared to that of Band 1.
· In [5]: REFSENS would be the same as that of Band 3.
It would be true that REFSENS can not be determined by the Rx IL of duplexer alone. This would be, however, the basis of the discussion. From the simulation results, the Rx IL is obtained 2.3 dB at the worst case including temperature drift and manufacturing tolerance. This value is almost the same as that of Band 1 duplexer although there might be much smaller IL for Band 1 duplexers. Then, we need to consider SWs loss as shown in Figure 2.4-1 [4].
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Figure 2.4-1: A possible split-duplexer architecture in the UE [4]

· Post duplexer SW

· One possible implementation would be this SW to be shared with other operating bands RF components although in some cases, a discrete RF chain dedicated to this band might be used. Note that the former is the worst case.
· The SW loss of for Band 1 would be 0.88 dB at the worst case.

· Preliminary estimates indicate that the SW loss of 3.5 GHz can be expected to be 1.68 dB at the worst case.

· Then, the difference between Band 1 and Band 22 would be 0.8 dB.

· Pre duplexer SW

· It would be highly difficult to estimate this SW loss since in practice we believe that this SW is not used as discrete component rather RF module of a split duplexer. Even if we think that this SW is the completely discrete component, at least the loss should be smaller than 1.68 dB since the SW is smaller than the post duplexer SW [4].
· Then, the difference between Band 1 and Band 22 is still 1.68 dB. Note that this value would have some margin.
· Summary
· The difference of the total NF between Band 1 and Band 22 would be in the following.
· 0.8 dB + 1.68 dB =  2.48 dB ( including some margin )
· In the 3GPP specification, the difference of NF of Band 1 and that of Band 3 is 3 dB.
· It seems that REFSENS may be degraded by 2.5 dB or less compared to that of Band 1. It should be noted, however, the increase in line loss and so on also will be considered. Thus, that margin might be consumed by that aspect.
From the above considerations, 3 dB degradation compared to that of Band 1 could be assumed. Thus, we propose the following REFSENS for Band 22 as shown in Table 2.4-1.
Table 2.4-1: Reference sensitivity QPSK PREFSENS 

	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

	3
	-101.7
	-98.7
	-97 
	-94
	-92.2
	-91
	FDD

	22
	
	
	-97 
	-94
	-92.2
	-91
	FDD


Next, uplink configuration for the reference sensitivity is estimated. As shown in Table 2.4-2, Tx – Rx carrier centre frequency separation of Band 22 is 100 MHz. This value is slightly larger than that of Band 3. Thus, there might be some room to discuss defining slightly tighter requirement compared to that of Band 3. It is, however, as some vendors pointed out in [3, 4], we need to consider the increase in the noise over Rx frequency due to the increase of IL of Tx chain. Therefore, we propose the same uplink configuration for Band 22 as that for Band 3 as shown in Table 2.4-3.
Table 2.4-2: Default UE TX-RX frequency separation

	E-UTRA Operating Band
	TX - RX 
carrier centre frequency
separation

	3
	95 MHz.

	22
	100 MHz


Table 2.4-3: Uplink configuration for reference sensitivity

	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex Mode

	3
	6
	15
	25
	50
	501
	501
	FDD

	22
	-
	-
	25
	50
	501
	501
	FDD

	Note

1.
The UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1).


As a result, we propose the following for Band 22 REFSENS.

· . Proposal 4: REFSENS

· The same REFSENS as that of Band 3
3. Conclusion

In this contribution, the key requirements for Band 22 were discussed. As a result, we propose the followings.

· Proposal 1: spurious emission band UE co-existence: Band 22 Tx to its own Rx
· [-40] dBm/1 MHz@ 3510 – 3520 MHz

· -50 dBm/1 MHz@ 3520 – 3590 MHz 
· . Proposal 2: Delta TC relaxation

· Region A and D: Delta TC is applied.
· Region B and C: Delta TC is not applied.
· Proposal 3: MOP and its tolerances

· 23 dBm

· Tolerance= =+2/ [-2] dB
· . Proposal 4: REFSENS

· The same as that of Band 3 REFSENS
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Annex 1

. Company A
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Figure Annex 1-1: Tx to Ant, Ant to Rx (company A)
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Figure Annex 1-2: Tx to Rx isolation (company A)
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