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1 Introduction
In TSG-RAN#48 a new work item to introduce new DB-DC-HSDPA band combinations was approved [1]. One of the objective of the work item is to specify necessary requirements for band combinations I+XI. This contribution provides an initial analysis on the Insertion Loss (IL) assumptions which should be taken into account in the definition of the requirements for band combination I-XI.
2 Discussion

Figure 1 shows the position of bands I, II, IV, V, VIII and XI in the spectrum. It can be observed that because of band XI (mid band), the distance between (the highest) low frequency band and band XI is 468MHz and the distance between band XI and (the lowest) high frequency band is 215MHz. In general, the complete band arrangement should be considered when defining the requirements for new band combinations, because the requirements are dependent on which band and band combination is supported.
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Figure 1. Band arrangement.
In previous contributions [2-3] two possible architectures were considered when defining the hypothesis on the additional IL caused by additional components needed in the terminal in order to support new band combinations. The first architecture ([3], call it architecture A) is based on the use a switchplexer followed by dedicated diplexers/quadplexers for the band combinations that requires this. The second architecture ([2], call it B) is based on the use a High/Low diplexer first followed by smaller switchplexers [2]. Under this second architecture the additional IL of the diplexer can, in some cases, be compensated by the use of smaller switchplexers. 

In the following we consider the 2 above mentioned architectures and we extend them to the case when the UE supports band combinations I-XI together with  I-VIII,  I-V and II-IV. It should be noted that the UE may not be only limited to support these band combinations but it may support other single bands and other band combinations. 
The architectures shown in this paper may have limitations and may not be optimized to support other band combinations such as for example II-V. These architectures are shown as examples to stress how difficult may be the simultaneous support of several band combinations. 

In this contribution we compare the architectures in terms of IL. The minimization/optimization of the IL may lead to high complexity systems. Hence, an other important aspect that needs to be taken into account is the number of components which are present in the system. Eventually, a trade-off should be found between the minimization of the IL for certain band combination and the complexity and component count in the system. 
Band combination I-XI needs a particular dedicated diplexer capable of separating mid and high frequencies. It was shown [4] that the IL introduced by such a diplexer can be reasonably considered as follows:
· 0.8dB in 1.5GHz and 0.9dB in 2GHz (“typical values” basis)
Two options are seen possible:
1. No new switch’s pins are introduced

2. New switch’s pins are introduced for new band combinations

The 4 possibilities are shown in figure 2 and 3 for architecture A with option 1 and 2 and Figures 4 and 5 for architecture B with option 1 and 2.

2.1 Architecture A, Option 1


[image: image2]
Figure 2. Architecture A, Option 1.
Under this architecture the additional insertion loss of the High/Low diplexer is summed to the additional IL of the Mid/Low diplexer. The high frequency port of the High /Low diplexer introduces ~0.5dB IL on the high frequencies (band I), but it introduces slightly higher insertion loss for mid-range frequencies (Band XI). Data sheets show that this case be up to 0.2dB higher, i.e. ~0.7dB for band XI. 

Under these assumptions, the additional IL can be computed as follows:
Band XI : 0.8dB + 0.7dB = 1.5 










Band I: 0.9dB + 0.5dB = 1.4
Note that instead of using the cascade of 1 high/low diplexer and a mid/high diplexer, one can use a tri-plexer, thus reducing the IL  for the mid and high branch while increasing slightly the IL for the low frequency branch.
2.2 Architecture A, Option 2
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Figure 3. Architecture A, Option 2.

The additional IL can be computed as follows:

Band XI : 0.8dB - ILpin dB  








Band I: 0.9dB - ILpin dB 
ILpin is introduced to consider the presence of an additional port of the switch, ILpin = 0.07. Hence,
Band XI : 0.87dB  









Band I: 0.97dB 
Note that instead of two duplexer for band I one could introduce a 2 port switch where one pin is connected to the high port of the mid-high diplexer and the second pin is connected to the high port of the high/low diplexer.
2.3 Architecture B, Option 1
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Figure 4. Architecture B, Option 1.
The additional IL can be computed as follows:

Band XI : 0.8dB + ILRESdB  










Band I: 0.9dB + ILRESdB 
Where ILRESdB is introduced to take into account the residual IL computed as follows:

 ILRES = ILHI/LOW@Band – GainSPT ~ 0.3dB (when a 10 port switch is considered and split into a 6 ports high frequency switch and 4 ports low frequency switch. Here 0.07dB gain per pin is considered).
Note that here the gain of the switch comes from the use of a diplexer first and the total number of pins (number of pins for high frequency dedicated switch plus the number of pins of the low frequency dedicated switch) is maintained.
ILRES = 0.7dB -0.3dB = 0.4 dB for band XI 

ILRES = 0.5dB -0.3dB = 0.2 dB for band I.

Hence,

Band XI : 0.8dB + 0.3dB = 1.2dB 





Band I: 0.9dB + 0.1dB = 1.1dB

2.4 Architecture B, Option 2


[image: image5]The additional IL can be computed as follows:

Band XI : 0.8dB + ILRES + ILPINdB   = 1.27dB










Band I: 0.9dB + ILRESdB + ILPINdB  = 1.17dB
Note that instead of two duplexer for band I one could introduce a 2 port switch where one pin is connected to the high port of the mid-high diplexer and the second pin is connected to the band I dedicated pin of the switch (A).

3 Proposal

By considering the architectures shown in Figures 2-5, it is clear that under all the examples, the additional high level of IL of the Mid/High dedicated diplexer, which is used to support band combination I-XI, can not be compensated by the architecture itself. The additional IL is for the 4 cases illustrated above >1dB. Hence it is proposed to consider the following hypothesis when deriving the requirements for this band combination:

IL @TX: 1dB

IL@RX: 1dB

Moreover, the following relaxations should be considered for REFSENS and the Maximum Output Power as follows :

· Maximum Output Power,  25.101, Section 6.2.1

For the UE which supports DB-DC-HSDPA configuration in Table 6.1AB, the lower side of the tolerance in Table 6.1 is allowed to be adjusted by the amount given in Table 6.1AB for the applicable bands.
Table 6.1AB Allowed adjustment in lower side of tolerance for UE which supports DB-DC-HSDPA

	DB-DC-HSDPA Configuration
	Allowed adjustment in lower side of tolerance (dB)
	Applicable bands

	2
	-1
	II,IV

	5
	-1
	I, XI


· REFSENS, as example 25.101, Section 7.3.1
For the UE which supports DB-DC-HSDPA configuration in Table 7.2AA, the reference sensitivity level DPCH_Ec <REFSENS> and corresponding <REFÎor> in Table 7.2 are allowed to be increased by the amount given in Table 7.2AA for the applicable bands.

Table 7.2-0A: Allowed de-sensitization relative to reference sensitivity for UE which supports DB-DC-HSDPA.

	DB-DC-HSDPA Configuration
	Allowed de-sensitization (dB)
	Applicable bands

	2
	1
	II, IV

	5
	1
	I, XI


4 Conclusions

This contribution provides an analysis of possible architectures which can support the band combination I-XI together with other band combinations. 

The contribution shows that the support for different band combinations may lead to different possible architectures each with pros and cons. It is important to understand that the support for additional band combinations does not come from free, and additional relaxations may need to be considered in the future if a UE is asked to support several/new band combinations.
It is important to stress that when defining possible architectures, a trade-off should be considered between minimizing the IL and minimizing the components count, the latter driving both cost and size for the UE.
Hence, the proposals are as follows:

Proposal 1: Consider 1dB IL for the definition of the Rx core requirements for band combination I-XI
Proposal 2: Introduce 1dB relaxation of the REFSENS for UEs which support band combination I-XI.

Proposal 3: Adjust the lower side of the tolerance of the MOP by 1dB for UEs which support band combination 1-XI.
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