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1 Introduction

There are two ways of how to define referenece sensitivity value for a certain CA configuration in RAN4 and the treatment of Delta_rib is different for these two ways. However, in RAN5 testing requirement, the requirements originate from those two different ways were incorporate into unified tables and confusion emerges on how to treat delta_rib values.

In this document, this problem is discussed. Clarfication is needed from SS vendors and also other parties. Further treatment and option is also discussed. 

2 Discussion
2.1 RAN4 status in 36.101
There are two ways of defining reference sensitivity for a CA configuration.
1. Based on single carrier value (Default)
For CA, the default reference sensitivity requirement is based on single carrier requirement which is as following
7.3.1A
Minimum requirements (QPSK) for CA

For inter-band carrier aggregation ……The UE shall meet the requirements specified in subclause 7.3.1 with the following exceptions. ……
The single carrier requirement is partly referenced below: 
7.3.1
Minimum requirements (QPSK)

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3.1-1 and Table 7.3.1-2

Table 7.3.1-1: 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

	1
	
	
	-100
	 -97
	-95.2 
	-94 
	FDD

	2
	-102.7
	-99.7
	-98 
	-95
	-93.2
	-92
	FDD

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

	4
	-104.7
	-101.7
	-100
	-97
	-95.2
	-94
	FDD

	………


……

….For the UE which supports inter-band carrier aggregation configuration with the uplink in one or two E-UTRA bands, the minimum requirement for reference sensitivity in Table 7.3.1-1 and Table 7.3.1-1a shall be increased by the amount given in ΔRIB,c in Table 7.3.1-1A, Table 7.3.1-1B and Table 7.3.1-1C for the applicable E-UTRA bands.
Table 7.3.1-1A: ΔRIB,c (two bands)

	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_1A-3A
	1
	0

	
	3
	0

	CA_1A-3C
	1
	0

	
	3
	0

	……
	
	

	
	
	

	NOTE 1:
The above additional tolerances are only applicable for the E-UTRA operating bands that belong to the supported inter-band carrier aggregation configurations

NOTE 2:
The above additional tolerances also apply in intra-band and non-aggregated operation for the supported E-UTRA operating bands that belong to the supported inter-band carrier aggregation configurations

NOTE 3:
In case the UE supports more than one of the above 2DL inter-band carrier aggregation configurations and a E-UTRA operating band belongs to more than one 2DL inter-band carrier aggregation configurations then:

-
When the E-UTRA operating band frequency range is ≤ 1GHz, the applicable additional tolerance shall be the average of the 2DL tolerances in Table 7.3.1-1A, truncated to one decimal place that would apply for that operating band among the supported 2DL CA configurations. In case there is a harmonic relation between low band UL and high band DL, then the maximum tolerance among the different supported 2DL carrier aggregation configurations involving such band shall be applied

-
When the E-UTRA operating band frequency range is >1GHz, the applicable additional tolerance shall be the maximum 2DL tolerance in Table 7.3.1-1A that would apply for that operating band among the supported 2DL CA configurations

NOTE 4:
Only applicable for UE supporting inter-band carrier aggregation with uplink in one E-UTRA band and without simultaneous Rx/Tx.
NOTE 5:
Unless otherwise specified, in case the UE supports more than one of the above 3DL inter-band carrier aggregation configurations and a E-UTRA operating band belongs to more than one 3DL inter-band carrier aggregation configurations then:

-
When the E-UTRA operating band frequency range is ≤ 1GHz and the tolerances are the same, the value applies to the band. If the tolerances are different, the applicable additional 3DL tolerance is FFS. In case there is a harmonic relation between low band UL and high band DL, then the maximum tolerance among the different supported 3DL carrier aggregation configurations involving such band shall be applied
-
When the E-UTRA operating band frequency range is >1GHz, the applicable additional 3DL tolerance shall be the maximum tolerance above that applies for that operating band among the supported 3DL CA configurations.

NOTE 6:
The above additional tolerances applicable for the E-UTRA operating bands that belong to the supported highest order inter-band carrier aggregation configuration, also applies to the same E-UTRA operating bands that belong to a supported lower order CA configuration.

……


Table 7.3.1-1B: ΔRIB,c (three bands)

Table 7.3.1-1C: ΔRIB,c (four bands)

Table 7.3.1-1D: ΔRIB,c (five bands)
It can be seen that by default, the CA requirments would be single carrier requirement + delta_rib,c for a certain band, and the derivation of delta_rib,c could be related to all the CA configurations a UE is supported and the detailed rules were explained in certain table notes.
2. Vaules explicitly defined in exceptions

A number of tables containing explicitly defined exceptions were composed in RAN4. The samples were as following:
7.3.1A
Minimum requirements (QPSK) for CA

For inter-band carrier aggregation ……The UE shall meet the requirements specified in subclause 7.3.1 with the following exceptions.
Table 7.3.1A-0a: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions due to harmonic issue)

	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex mode

	CA_1A-3A-7A-8A4,5,6
	1
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	
	
	
	-102.720
	-99.720
	-97.920
	-96.720
	

	
	3
	
	
	N/A
	N/A
	N/A
	N/A
	

	
	7
	
	
	-88
	-87.4
	-87
	-86.7
	

	
	8
	
	
	-96.8
	-93.8
	
	
	


……

Table 7.3.1A-0b: Uplink configuration for the low band (exceptions due to harmonic issue)

	E-UTRA Band / Channel bandwidth of the high band / NRB / Duplex mode

	EUTRA CA Configuration
	UL band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex mode

	CA_1A-3A-7A-8A
	8
	
	
	
	16
	25
	25
	FDD


For the UE that supports any of the E-UTRA CA configurations given in Table 7.3.1A-0bA, exceptions are allowed when the uplink is active within a specified frequency range as noted in Table 7.3.1A-0bA. For these exceptions, the UE shall meet the requirements specified in Table 7.3.1A-0bA and Table 7.3.1A-0bB.
Table 7.3.1A-0bA: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions for two bands due to close proximity of UL to DL channel)

Table 7.3.1A-0bB: Uplink configuration for the uplink band (exceptions for two bands due to close proximity of UL to DL channel)

….

Table 7.3.1A-5: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions due to harmonic issues in the combinations of intra-band and inter-band CA)

Table 7.3.1A-6: Uplink configuration for the low band (exceptions due to harmonic issues in the combinations of intra-band and inter-band CA)
….

It can be seen that in these definitions, the reference sensitivity is explicity defined for many special cases such as with harmonic issues etc. After discussion with RAN4 delegate, it has been explained that the analysis was done case by case for these exception case and multiple configurtions were not consided, and since the margin is somehow large in these exception scenarios, the delta_rib,c is not regarded as important. So the conclusion is delta_rib is not considered and multiple CA configurations were also not considered.
2.2 RAN5 test spec

In current testing requirements, the reference sensitivity number is explicitly provided in respective tables. Descriptions about how to select delta_rib,c were also provided outside the tables. However, the requirement tables contain not only the requirements derived from single carrier requirement, but also RAN4 explicitly defined values. 
7.3A.3
Reference sensitivity level for CA (inter-band DL CA without UL CA)

…
7.3A.3.5
Test requirement

For inter-band carrier aggregation with uplink assigned to one E-UTRA band the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annex A.3.2 with parameters specified in Tables 7.3A.3.5-1 and Table 7.3A.3.5-2 (originated from single carrier Tables 7.3.5-1 and 7.3.5-2). The reference sensitivity is defined to be met with both downlink component carriers active and either of the uplink component carriers active.

Table 7.3A.3.5-1: Reference sensitivity QPSK PREFSENS for inter-band

	Channel bandwidth

	CA Configuration
	E-UTRA Band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex Mode

	CA_1A-3A
	1
	
	
	-99.3
	-96.3
	-94.5
	-93.3
	FDD

	
	3
	
	
	-96.3
	-93.3
	-91.5
	-90.3
	

	
	3
(Note 6)
	
	
	-93.3
	-90.8
	-89.3
	-88.3
	FDD

	CA_1A-5A
	1
	-
	-
	-
	-96.3
	-
	-
	FDD

	
	5
	-
	-
	-
	-94.3
	-
	-
	

	CA_1A-7A
	1
	-
	-
	-99.3
	-96.3
	-94.5
	-93.3
	FDD

	
	7
	-
	-
	-
	-94.3
	-92.5
	-91.3
	

	CA_1A-8A
	1
	-
	-
	-99.3
	-96.3
	-94.5
	-93.3
	FDD

	
	8
	-
	-
	-96.3
	-93.3
	-
	-
	

	CA_1A-11A
	1
	
	
	-99.3
	-96.3
	-94.5
	-93.3
	FDD

	
	11
	
	
	-99.3
	-96.3
	
	
	


….

For the UE which supports inter-band carrier aggregation configurations the ΔRIB,c in Tables 7.3.3-1A, 7.3.3-1B and 7.3.3-1C shall be applied for applicable bands.

In case the UE supports more than one of the inter-band carrier aggregation configurations and a E-UTRA operating band belongs to more than one inter-band carrier aggregation configurations then:

-
When the E-UTRA operating band frequency range is ≤ 1GHz, the applicable additional tolerance shall be the average of the tolerances in Table 7.3.3-1A, truncated to one decimal place that would apply for that operating band among the supported CA configurations. In case there is a harmonic relation between low band UL and high band DL (i.e. bands listed in Table 7.3A.0-1), then the maximum tolerance among the different supported carrier aggregation configurations involving such band shall be applied

-
When the E-UTRA operating band frequency range is >1GHz, the applicable additional tolerance shall be the maximum tolerance in Table 7.3.3-1A that would apply for that operating band among the supported CA configurations

The reference receive sensitivity (REFSENS) requirement for inter-band specified in Table 7.3A.3.5-1 shall be met for an uplink CA configurations than or equal to that specified in Table 7.3A.3.5-2.

NOTE:
Table 7.3A.3.5-2 does not necessarily reflect the operational conditions of the network, where the number of uplink and downlink allocated resource blocks will be practically constrained by other factors.

Table 7.3A.3.5-2: Inter-band CA uplink configuration for reference sensitivity, LCRB @ RBstart format
	Channel bandwidth

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

	CA_1A-3A
	1
	-
	-
	25@05
	25@05
	25@05
	25@05
	FDD

	
	1
	
	
	25@06
	45@06
	45@06
	45@06
	

	
	3
	-
	-
	25@0
	50@0
	50@25
	50@50
	

	CA_1A-5A
	1
	-
	-
	-
	50@0
	-
	-
	FDD

	
	5
	-
	-
	-
	25@25
	-
	-
	

	CA_1A-7A
	1
	-
	-
	25@0
	50@0
	75@0
	100@0
	FDD

	
	7
	-
	-
	-
	50@0
	75@0
	75@25
	

	CA_1A-8A
	1
	-
	-
	25@0
	50@0
	75@0
	100@0
	FDD

	
	8
	-
	-
	25@0
	25@25
	-
	-
	

	CA_1A-11A
	1
	-
	-
	25@0
	50@0
	75@0
	100@0
	FDD

	
	11
	-
	-
	25@0
	25@25
	-
	-
	


….
2.3 Misalignment and problems

From above descriptions, it can be seen that all the possible configurations under test is incorporated into the same table, no matter whether in RAN4 it is an exception or not. If RAN4’s rules are strictly followed, it means that for certain lines which originated from single carrier requirement, delta_rib,c have to be considered seperatly; for other lines which originated from exception cases, the delta_rib,c do not have to be considered.

Problem 1: It is difficult to wheather a configuration belone to what case and whether delta_ribc should be considered or not
Problem 2: Since the determination of delta_rib,c is complicated, it is not clear whether SS has consider this or not. 

Since the delta_rib,c is usually small, the confusion problem may not as severe during the actually test even those relaxations were not considered at all. However, these problems still worth a discussion. 
During the discussion in RAN5#75, these problems were confirmed.

2.4 Possible Way forward
Considering the compliexity of RAN4 requirments, some simplifying method could be used.

Option 1: Strictly apply RAN4’s requirements.

Things to do with this option:

From implementation perspective, this would means that different UE may have different requirements for a certain CA configuration. This would require the TE vendor collect all the configurions a UE is supported before testing, either by manual input or UE reporting. Then the TE would need to calculate the delta_rib,c for a certain CA configuration the UE under test should use based on RAN4’s rules.
From editorial perspective, this would require a flag , for example a note, have been set for each of the configurations in the test requirement table, to mark whether a delta_rib,c should be applied to this configuration or not. If addition procedure is needed then the testing spec may also have to be supplemented. 

Pros & Cons:
This is the strictest way and fully in line with RAN4 spec. However, this would also means that a fairly complicated implementation for TEs and also some editorial work for the spec itself. 
If the TE’s implementation is already somehow in this way and it is deemd not that complicated, this would be the least controvial option and would receive full RAN4 support.
Option 2: Apply RAN4’s requirments with simplification. 
If option 1 is deemed unnecessary for too complicatded implementation or some other factors. Some further simplicipations may be considered. Some of them are listed below.

Option 2a: Disregard all delta_rib,c. Delte the notes in test spec about how to apply delta_rib,c.
This is the most simple and straight forward way for TE implementation and this would mean that some of the requirments based on single requirments would be slightly tightend. The editorial work is also minimised. 
However, this is a considerable derviation from RAN4 spec and serious concerns or even objections may be raised by RAN4.
Option 2b: Apply fixed delta_rib,c values to a certain CA configuration and disregard the complicated rules defined in RAN4 notes which were derived from default single carrier requirement.

The TE impletation would be slightly more complicated than option 2a but still much simplier than option 1. This would mean that some of the requirments based on single requirments had been tightend a bit. The editorial work load would be similar to option 2a. 
This is still some deviation from RAN4 requirements and RAN4 may not happy about this since the delicate notes RAN4 carefully designed . However, the rejection from RAN4 may not as serious as option 2a since this option at leaset consider delta_rib,c value. 
Option 2c: Apply maximum delta_rib,c possible for every band and disregard the CA configurations which were derived from default single carrier requirement.

This is also a simple way for TE impletation and it will not tighten any requirments. The editorial workload is also simiar to option2c. However, this would means that over relaxation, though not large, for almost all the cases. It is stll possible that RAN4’s objection.

A brief summay were provided in the following Table.

Table 1. Brief impact analysis for different options.
	
	TE Complexity
	Test Spec Editorial workload
	Deviation from RAN4 Requirments
	RAN4’s possible altitude

	Option 1
Fully align RAN4
	High
	Medium
	None
	Fully Agree

	Option 2
Simplification based on RAN4
	Option 2a
Disregard all
	Low
	Low
	High
	Serious doubt or objection

	
	Option 2b
Fixed value for every CA configurations
	Medium
	Medium
	Medium
	Doubt, may be serious

	
	Option 2c
Maximum value for all CA configurations
	Medium
	Medium
	Low
	Doubt


3 Conclusion

This paper discussed problems in reference sensivity test requirement definition.  Two problems were identified:

Problem 1: It is difficult to wheather a configuration belone to what case and whether delta_ribc should be considered or not

Problem 2: Since the determination of delta_rib,c is complicated, it is not clear whether SS has consider this or not. 

A number of options and sub options were also provided and brief analysis and summary were provided:

Option 1: Strictly apply RAN4’s requirements.

Option 2: Apply RAN4’s requirments with simplification. 
Option 2a: Disregard all delta_rib,c. Delte the notes in test spec about how to apply delta_rib,c.
Option 2b: Apply fixed delta_rib,c values to a certain CA configuration and disregard the complicated rules defined in RAN4 notes which were derived from default single carrier requirement.
Option 2c: Apply maximum delta_rib,c possible for every band and disregard the CA configurations which were derived from default single carrier requirement.
Table 1. Brief impact analysis for different options.
	
	TE Complexity
	Test Spec Editorial workload
	Deviation from RAN4 Requirments
	RAN4’s possible altitude

	Option 1
Fully align RAN4
	High
	Medium
	None
	Fully Agree

	Option 2
Simplification based on RAN4
	Option 2a
Disregard all
	Low
	Low
	High
	Serious doubt or objection

	
	Option 2b
Fixed value for every CA configurations
	Medium
	Medium
	Medium
	Doubt, may be serious

	
	Option 2c
Maximum value for all CA configurations
	Medium
	Medium
	Low
	Doubt


It is proposed to different parties, particulary TE vendors, to study these cases and to have a way forward based on the analysis.
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