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Introduction
Under DB-DC-HSDPA and 4C-HSDPA work items the following multi-band combinations have been specified:
Table 1. Configurations for DB-DC-HSDPA
	DB-DC-HSDPA Configuration
	Applicable bands

	1
	I, VIII

	2
	II, IV

	3
	I, V

	4
	I, XI

	5
	II, V



Table 2. Configurations for dual band 4C-HSDPA
	Dual Band
4C-HSDPA Configuration
	Applicable bands

	I-2-VIII-1, I-3-VIII-1
	I, VIII

	II-1-IV-2, II-2-IV-1, II-2-IV-2
	II, IV

	I-1-V-2, I-2-V-1, I-2-V-2
	I, V



In order to support these combinations the UE needs to introduce band-specific diplexers (high/low or mid/high) or quadplexers with a corresponding increase of the insertion loss. In order to avoid penalizing UEs which support multi band dual carriers or 4 carriers feature a certain amount of relaxation in the lower side of the MOP tolerance was agreed as well as a certain relaxation of the REFSENS. For the sake of clarity this is reported in the following tables.

Table 3.  Allowed adjustment in lower side of tolerance for UE which supports DB-DC-HSDPA [1]
	DB-DC-HSDPA Configuration
	Maximum allowed adjustment
in lower side of tolerance (dB)
	Applicable bands

	1
	-0.3
	I, VIII

	2
	-1
	II, IV

	3
	-0.3
	I, V

	4
	-1
	I, XI

	5
	-0.3
	II, V

	NOTE:	The requirements reflect what can be achieved with the present state of the art technology. They shall be reconsidered when the state of the art technology progresses.



For the UE which supports dual band 4C-HSDPA configuration in Table 6.1aC, the lower side of the tolerance in Table 6.1 is allowed to be adjusted by the amount given in Table 6.1aC for the applicable bands.
Table 4 Allowed adjustment in lower side of tolerance for UE which supports dual band 4C-HSDPA [1]
	Dual Band
4C-HSDPA Configuration
	Maximum allowed adjustment in lower side of tolerance (dB)
	Applicable bands

	I-2-VIII-1, I-3-VIII-1
	-0.3
	I, VIII

	II-1-IV-2, II-2-IV-1, II-2-IV-2
	-1
	II, IV

	I-1-V-2, I-2-V-1, I-2-V-2
	-0.3
	I, V

	NOTE:	The requirements reflect what can be achieved with the present state of the art technology. They shall be reconsidered when the state of the art technology progresses.



Table 5. 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

	4
	1
	I, XI



Table 6: Allowed de-sensitization relative to reference sensitivity for UE which supports dual band 4C-HSDPA.
	Dual Band 4C-HSDPA Configuration
	Allowed de-sensitization (dB)
	Applicable bands

	II-1-IV-2
II-2-IV-1
II-2-IV-2
	1
	II, IV



In general a UE operating in LTE and supporting as well HSDPA dual band carrier aggregation may be affected by the additional insertion loss introduced by the use of diplexers. This document discusses this issue.
 
Discussion
It can be noticed that there is an overlap between the bands where LTE and HSDPA can be deployed, hence co-banding is possible between LTE and HSDPA. Two items need to be discussed:
1. whether the same relaxations as approved for a HSDPA UE supporting  DB-DC-HSDPA or multi-band 4C-HSDPA are also applicable for a LTE UE supporting DB-DC-HSDPA or multi-band 4C-HSDPA
2. In case of support of multiple configurations for which different relaxations have been approved, whether the minimum or the maximum relaxation should be considered 

Discussion on the introduction of relaxation
A reasonable hypothesis is to assume that the UE will share the front end between HSDPA and LTE technologies. Sharing the front end between LTE and HSDPA technology as much as possible allows cost and form factor reduction. 
If the same front end is shared, exactly the same amount of insertion loss as discussed and for HSDPA will hit the LTE front end as well. As a result a certain amount of relaxation for the HSDPA UE has been agreed as a compromise between limiting the coverage loss and limiting the increase power consumption due to increased transmit power necessary to compensate the increased insertion loss.
 
Hence, we think that it is important to understand that a UE operating in LTE but supporting DB-DC-HSDPA or multi-band 4C-HSDPA requires the same relaxations as approved in 25.101 Table 6.1aB and 6.1aC for the MOP and Table 7.2A and 7.2B for REFSENS.

Two approaches can be considered in order to address this point.
1. Add in 36.101 a text in order to allow an adjustment of the lower side of the tolerances for MOP or a desensitization for a UE which supports certain configurations (as approved in the context of HSDPA)
2. State clearly that the requirements as specified in 36.101 are applicable only for a UE which do not supports multi-band HSDPA carrier aggregation.


Option 2 clearly leaves a hole in 3GPP specifications. Hence our preferred option is Option 1.

Hence, the proposal is as follows:
Proposal 1: Add in 36.101 the following text.

FOR MOP:
For the UE which supports DB-DC-HSDPA configuration in Table x.y1, the lower side of the tolerance in Table Table 6.2.2-1: is allowed to be adjusted by the amount given in Table x.y1 for the applicable bands.
Table x.y1 Allowed adjustment in lower side of tolerance for UE which supports DB-DC-HSDPA
	DB-DC-HSDPA Configuration
	Maximum allowed adjustment
in lower side of tolerance (dB)
	Applicable bands

	1
	-0.3
	I, VIII

	2
	-1
	II, IV

	3
	-0.3
	I, V

	4
	-1
	I, XI

	5
	-0.3
	II, V

	NOTE:	The requirements reflect what can be achieved with the present state of the art technology. They shall be reconsidered when the state of the art technology progresses.



For the UE which supports dual band 4C-HSDPA configuration in Table x.y2, the lower side of the tolerance in Table 6.2.2-1 is allowed to be adjusted by the amount given in Table x.y2 for the applicable bands.
Table 6.1aC Allowed adjustment in lower side of tolerance for UE which supports dual band 4C-HSDPA
	Dual Band
4C-HSDPA Configuration
	Maximum allowed adjustment in lower side of tolerance (dB)
	Applicable bands

	I-2-VIII-1, I-3-VIII-1
	-0.3
	I, VIII

	II-1-IV-2, II-2-IV-1, II-2-IV-2
	-1
	II, IV

	I-1-V-2, I-2-V-1, I-2-V-2
	-0.3
	I, V

	NOTE:	The requirements reflect what can be achieved with the present state of the art technology. They shall be reconsidered when the state of the art technology progresses.





FOR REFSENS:
For the UE which supports DB-DC-HSDPA configuration in Table x.z1, the reference sensitivity level PREFSENS  in Table 7.3.1-1  are allowed to be increased by the amount given in Table x.z1 for the applicable bands.
Table x.z1: 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

	4
	1
	I, XI



For the UE which supports dual band 4C-HSDPA configuration in Table x.z2, the reference sensitivity level PREFSENS  in Table 7.3.1-1  is allowed to be increased by the amount given in Table x.z1 for the applicable bands.
Table x.z2: Allowed de-sensitization relative to reference sensitivity for UE which supports dual band 4C-HSDPA.
	Dual Band 4C-HSDPA Configuration
	Allowed de-sensitization (dB)
	Applicable bands

	II-1-IV-2
II-2-IV-1
II-2-IV-2
	1
	II, IV




Discussion on the overlapping situation
In general 25.101 states that if the UE supports a certain band combination a certain modification of the MOP and/or of the REFSENS is applicable. Hence, implicitly it states that whenever two bands overlap, the UE supporting multiple band combinations, is allowed to reduce the lower side of the tolerance or relax the REFSENS by the maximum allowed amount of relaxation. Hence this should be valid in the LTE case as well. The text provided in section 2.1, derived from 25.101 already consider this case. However, it should be noted that there exist architecture such that, considering the specific band combinations under analysis, allow to consider the minimum amount of relaxation rather than the maximum.  

In the following we consider a generic example of a UE supporting LTE bands which overlap with the bands where DB-DC-HSDPA and 4C-HSDPA is possible. 

Band 1 LTE
Configurations 1,2,3,4,5


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. 
These architectures are shown as examples to stress how difficult may be the simultaneous support of several band combinations. 
In general the chosen architecture depends on several factors:
· the band allocation within the region
· the band combinations which are supported by the UE
· whether the UE supports also band combinations for roaming operators or not
· on the market needs
· on component costs
· on filter vendors (the IL amount of each component is implementation specific)
· etc ..
Hence the architecture chosen by different companies may be different depending on the factors mentioned above; it is implementation specific.

Analysis of possible architecture
Under this case the UE supports LTE in band 1 and all the HSDPA configurations: 1-5.
Different options can be considered in this case:

Option 1. A switch is introduced initially and new pins are introduced for any new combinations. Note that the UE won’t support ONLY single band activity in Band 1/I, but other single bands will be supported for HSDPA as well as for GSM. In general 10 single bands can be considered as hypothesis.  
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Figure 1. option 1


By considering this architecture, two aspects need to be considered:
· The number of pin in the switch increases, roughly of  ~0.07dB per pin (in this case ILADD,switch=0.21dB) because of the band combinations
· If we consider a band which is part of a DB-DC-HSDPA or dual band 4C-HSDPA combination an additional switch may be needed to keep a single duplexer per band, with an IL of ILswitch DUP~0.4dB
This would mean that a UE operating in LTE band 1 would be affected by an additional IL equal to ILoption1=ILADD,switch+ ILswitch DUP = 0.61dB
 
Option 2. An other possible option would be to avoid increasing the number of pins of the switch and to re-use the multi-band pins also for single band activity. In that case we can safely say that the number of pins of the switch may be maintained (or even slightly reduced). 
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Figure 2. option 2

The UE operating in LTE band 1 could use the first pin (dashed blue line) or the third one (dashed red pin), with different amount of insertion loss associated with each branch. 
a. In case the band combination I-XI is chosen for single band 1 activity the UE will be affected by an IL equal to ILI-XI ~1dB + the insertion loss due to the presence of an additional switch to keep a single duplexer as mentioned above ILswitch DUP~0.4dB; Hence ILOption2,a = ILI-XI+ ILswitch DUP = 1.4dB
b. In case the band combination I-VII, I-V is chosen for single band 1 activity the UE will be affected by an IL equal to ILI-VII ~0.3dB + the insertion loss due to the presence of the switch needed to choose among the high bands (ILswitch HIGH~0.3dB) an additional switch to keep a single duplexer as mentioned above ILswitch DUP~0.4dB; Hence ILOption2,b = ILI-VII+ ILswitch HIGH +ILswitch DUP = 1dB
c. In case the UE vendor is ready to pay the price of duplicated duplexers the insertion loss can be reduced as follows
ILOption2,a = ILI-XI = 1dB and ILOption2,b = ILI-VII+ ILswitch HIGH = 0.6dB

Option 3. An alternative option would be to consider the architecture shown in figure 3.
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Figure 3. Option 3.

By considering this architecture it was claimed that the IL of the diplexer can be partially compensated by the use of a smaller switch (A and B). If additional pins are introduced to differentiate between single band or multi-band activity within the high bands, this argument may become less true.  In this example if we suppose that the IL of the diplexer is totally compensated a UE operating in LTE mode in band 1 would be affected solely by the insertion loss due to an additional switch used to avoid duplicating band 1 duplexers with an IL ~0.4dB
In case the pin associated with the I-XI band combination is reused to support single band 1 activity then the IL seen by the UE operating in single band 1 would be equal to the IL associated with the Mid/high diplexer ~1dB.

As mentioned above the chosen architecture highly depends on the bands and band combinations that need to be supported. However here we have considered the worst case when the UE needs to support all the possible band combinations up to rel-11.
As it can be seen by considering the above examples even a UE operating in single band HSDPA mode is affected by the support of complex multi-band combinations which require the introduction of dedicated devices with an associated increase of the insertion loss. 
We have shown that different types of architectures exist in order to limit the amount of relaxations in case of overlapping multi-band combinations.


Conclusions
In this document we have discussed the following 2 points:
1. whether the same relaxations as approved for a HSDPA UE supporting  DB-DC-HSDPA or multi-band 4C-HSDPA are also applicable for a LTE UE supporting DB-DC-HSDPA or multi-band 4C-HSDPA ?
2. In case of support of multiple configurations for which different relaxations have been approved, whether the minimum or the maximum relaxation should be considered 
We conclude proposing the following:

Proposal 1. Add a text in 36.101 as provided in Section 2 to capture the fact that a UE operating in LTE mode but supporting DB-DC-HSDPA and certain dual band 4C-HSDPA is allowed to adjust the lower side of the MOP tolerance and the REFSENS by an amount as specified in 25.101. The actual text is proposed in section 2.1

Moreover, we have shown that different types of architectures could exist in order to limit (to the minimum) the amount of relaxations in case of overlapping multi-band combinations.
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