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1 Background
In UTRA specification different amount of relaxation of the lower side of the tolerances of the maximum output power (MOP) is considered for different band combinations.

In document [1] a comprehensive analysis of the relaxation of the lower side of the MOP tolerances for a UE supporting LTE carrier aggregation as well as for a UE supporting UTRA combinations is provided.

Here we focus on the impact in UTRA specification and we focus on the applicable relaxations in UTRA specifications for a UE supporting several UTRA CA combinations.  

25.101 Rel-11, Section 6.2.1 states the following:

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
	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 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.


The table mentions that the relaxations are applicable for a UE which supports CA and for the bands participating in the configuration. However, as mentioned in [1] when the UE supports dual band carrier aggregation the presence of the diplexer/quadplexer/multiplexer in general affect other bands as well.

In this contribution the aim is to harmonize the specification between UTRA and E-UTRA and apply the same rules. 

In [1] it is recognized that supporting multiple band combinations should not be precluded and should be implementation agnostic to avoid any increased market fragmentation. 
In general if a relaxation is defined for a certain band combination, it should be allowed for the other bands supported by the UE when the UE is operating in non CA mode, assuming a reference architecture where the UE has a diplexer at the antenna (additionally sharing the front end with LTE). However, concerns can be raised on the impact on legacy network. 
Contribution [1] is based on the assumption that the operating bands have different characteristics and that the impact of IL on the operating bands can be treated on a band by band basis depending on whether the band is difficult or not.
It should be noted that in E-UTRA there are several different band combinations with specific characteristics.
If we consider the naming convention used in E-UTRA the following applies for the UTRA band combinations which have been standardized so far:

Type A1: Band combination I-VIII, I-V and II-V
Type A3: Band combination II-IV

Possible new Type A5: Band combination I-XI

Where the classes are defined as:

· A1. Low-high band combination without harmonic relation between bands or intermodulation problem

· A2. Low-high band combination with harmonic relation between bands 

· A3. Low-low or high-high band combination without intermodulation problem (low order IM) 

· A4. Low-low, low-high or high-high band combination with intermodulation problem (low order IM)

· A5. Combinations considering mid-bands.
As in E-UTRA  [1], we propose to specify the following for a UE which supports at least one UTRA CA configuration:
· for each UTRA band supported by the UE, allow a band-specific MOP relaxation TIB,1 if one or more A1 combinations are supported 
· for A3 combinations supported, allow a MOP relaxation TIB,3 for each constituent band
· allow a relaxation TIB,3 + TIB,1  for the same constituent band if any A1 combination is supported in addition

The special cases in the “A5” class can be treated either as an A1 combination but with IL > 0.3 dB, or as an A3 combination. In the paper we will call this relaxation TIB,5  .Hence, the total allowed relaxation for a UTRA band is TIB = TIB,1 + TIB,3+ TIB,5    (dB) in the worst case. The aim is to keep the total relaxation TIB as small as possible, recognizing that the terms should be 0 dB in many cases. 
The relaxations for each UTRA band apply for single-band operation, and are band-specific. Some bands are “easy” in the sense that a margin to the minimum level the MOP requirement can still be maintained with and antenna diplexer, whereas other bands are “difficult”. A detailed analysis of easy and difficult bands can be found in [1]. Here we highlight the main points which are applicable to UTRA CA configurations. Note that the UTRA specification will be affected also if the UE supports E-UTRA CA configuration. This is detailed in [1] and CRs in [2-3] capture the link between UTRA and E-UTRA specification.
2 TIB,1  

In general, the high bands (above 1.5 GHz) with large relative bandwidths and small duplex gaps are the most demanding in terms of the PA output power required at the input of the TX duplexer. This is the case for all RAT(s): UTRA, E-UTRA and GSM. The lower bands may absorb to a larger extent an additional IL by the diplexer, and generally have a larger margin to the lower MOP limit than the high bands. 
In general UTRA can be considered to be less sensitive to an allocation at the edge of the band because the measurement granularity for the MOP requirement is 3.84 MHz rather than 180 kHz or E-UTRA, which is more sensitive to the actual CW filter response and ripple at the band edge which has led to an extra relaxation of the lower side of the MOP tolerance when the transmission is located in the last 4MHz of the band. 
Additionally the diplexer has larger attenuation for high bands below 1.7 GHz, and may also have larger attenuation for “super-high” bands in the 3.5 GHz range. 
In order to account for additional IL by a diplexer for low-high combinations in the footstep of [1] we propose the following:
· a 0.3 dB relaxation of the tolerance limit is allowed for the bands > 1.7 GHz with challenging duplexer arrangements

· no relaxation of the low bands < 1 GHz 
· a > 0.3 dB relaxation of the tolerance limit is allowed for high bands < 1.7 GHz, may be allowed even if not a challenging arrangement

· a > 0.3 dB relaxation of the tolerance limit is allowed for high bands > 3 GHz
3 TIB,3 
In UTRA specification, for the time being, there is a single A3 combination, i.e. II-IV whose requirements are based on the use of a quadplexer.  The relaxations for the A3 combinations will be applicable to the bands involved in the carrier aggregation combination:
Table 2: relaxations TIB,3 for the A3 combinations
	A3 Combination
	UTRA constituent band
	Relaxation of MOP regardless of operational mode (dB)

	II + IV
	
 II
	1

	
	IV
	1


4 Support combinations with mid-bands TIB,5 
Currently in UTRA specification there is a single band combination which belongs to this case, i.e. I + XI. 
In this case, it was already recognized that a dedicated diplexer is needed; hence this combination can be considered as a A3 combination where both the frequencies require a 1dB relaxation, i. e.  
Table 3: relaxations TIB,5 = TIB,3 for the A5 combinations
	A3 Combination
	UTRA constituent band
	Relaxation of MOP regardless of operational mode (dB)

	I + XI
	
 I
	1

	
	XI
	1


5 Changes in the 25.101 specification
Note that the current version of the specification already allows for a relaxation of the lower side of the tolerance for the bands participating in the carrier aggregation configurations. Hence TIB,3  TIB,5 are already taken into account in the specification and no changes are needed. Instead TIB,1 should be introduced for all the bands according to the discussion above and in [1], in a band dependent manner. 
The following table and text should be introduced in Section 6.2.1. Note that in the following we are showing the modifications which are due to DB-DC-HSDPA and 4C-HSDPA and additionally the modifications which are due to the support of E-UTRA carrier aggregation, based on Rel-11.
For the UE that supports at least one DB-DC-HSDPA configuration, 4C-HSDPA configuration or E-UTRA configuration listed in NOTE 1 of Table 6.1aD, the lower tolerance limit as specified in Table 6. 1 may be additionally modified by the amount given in Table 6.1aD for the applicable UTRA bands.
Table 6.1aD: Additional adjustment of lower side of tolerance allowed TIB,1 for UE(s) that supports E-UTRA inter-band carrier aggregation, DB-DC-HSDPA or dual-band 4C-HSDPA

	UTRA Band
	TIB,1 (dB)

	II
	-0.3

	III
	-0.3

	VII
	[-0.3]

	XI
	TBD

	XII
	-0.3

	XX
	-0.3

	XXI
	TBD

	XXII
	TBD

	XXV
	-0.3

	NOTE 1:
The modification is allowed for the E-UTRA CA configurations CA_5A-1A, CA_13A-4A, CA_12A-4A, CA_17A-4A as specified in [10], the DB-DC-HSDPA configurations 1, 3, 5 as specified in Table 6.1AB, the dual-band 4C-HSDPA configurations I-1-V-2, I-2-V-1, I-2-V-2, I-2-VIII-1 and I-3-VIII-1 as specified in Table 6.1aC


For the UE that supports any of the E-UTRA CA configurations given in Table 6.1aE, the lower tolerance limit as specified in Table 6.1 may be additionally modified by TIB,2 (dB) given in Table 6.1aE for applicable UTRA bands. 
Table 6.1aE: Allowed modification TIB,2 of lower side of tolerance for UE(s) that supports E-UTRA inter-band carrier aggregation, DB-DC-HSDPA or dual-band 4C-HSDPA 

	E-UTRA CA Configuration
	UTRA Band
	TIB,2 (dB)

	CA_12A-5A
	XII
	TBD

	
	V
	TBD

	

	NOTE 1:
For UTRA bands that are part of more than one of the E-UTRA band combination or/and more than one UTRA band combinations among DB-DC-HSDPA configurations 2 and 4 and 4C-HSDPA configurations II-1-IV-2, II-2-IV-1, II-2-IV-2  the maximum value between TIB,2 and the adjustment specified in Table 6.1aB for DB-DC-HSDPA and Table 6.1aC for 4C-HSDPA applies.


For the UE that supports any of the E-UTRA CA configurations in Table 6.1aF, the lower tolerance limit as specified in Table 6.1 may be additionally modified by TIB,3 (dB) given in Table 6.1aF for applicable UTRA bands. 
Table 6.1aF: Allowed modification TIB,3 of lower side of tolerance for UE(s) that supports E-UTRA inter-band carrier aggregation 

	E-UTRA CA Configuration
	UTRA Band
	TIB,3 (dB)

	CA_12A-4A
	XII
	[-0.5]
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