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1.
Introduction

At RAN4#64 in Qingdao a 36.133 CR R4-123732 [1] was presented, which proposed to make CA RSRP and RSRQ measurement accuracy test cases band-agnostic. The document was noted, because several companies requested more time to consider. Anritsu remains concerned about the feasibility of implementing the current band-dependent CA test cases in RAN5, and would like to agree a practical way forward.
This discussion paper examines the test parameter settings in relation to the core requirements, and considers the combined test coverage of CA RSRP/RSRQ measurement accuracy test cases together with other related tests. In summary, we believe that the CA RSRP and RSRQ measurement accuracy test cases can be made band-agnostic without any significant loss of test coverage.
2.
Choice of parameter values in CA RSRP and RSRQ measurement accuracy test cases
2.1. FDD and TDD RSRP for E-UTRAN Carrier Aggregation test cases: Primary considerations
Table 1 lists the key parameters selected for the test, and the corresponding core requirements. The values based on TS 36.133 A.9.1.6, FDD Band 1.
This test case has 4 requirements:

· Absolute accuracy of intra-frequency RSRP measurements for Cell 1 on the primary component carrier
· Absolute accuracy of intra-frequency RSRP measurements for Cell 2 on the secondary component carrier

· Relative accuracy of intra-frequency RSRP measurements for Cell 3 relative to Cell 2 on the secondary component carrier
· Relative accuracy of inter-frequency RSRP measurements between the primary and secondary component carriers carrier for Cell 2 relative to Cell 1
Each requirement is considered in turn, and the corresponding core requirements are listed alongside. In Tables 1 to 4 below, the Band 1 figures have been used, but other bands have the same margin for all the parameters in relation to the lower limits.
Table 1: Absolute accuracy of intra-frequency RSRP for Cell 1 on the primary component carrier
	Parameter
	Cell 1 value
	Cell 2 value
	Cell 3 value
	Core requirement
	Comment

	Carrier
	Primary
	Secondary
	Secondary
	
	

	RSRP, dBm/15kHz
	-121 dBm
	-113 dBm
	-117 dBm
	≥-127dBm Note 1
	6dB inside req’t

	Es/Iot, dB
	-4.00 dB
	+0.46 dB
	-5.76 dB
	≥-6dB Note 2
	2dB inside req’t

	Io, dBm/9MHz
	-87.76 dBm
	-82.43 dBm
	-82.43 dBm
	≥-93.22dBm Note 3
≤-70.00dBm Note 3
	5.5dB inside req’t

17.8dB inside req’t

	Note 1: TS 36.133 v 10.7.0 Table B.3.1-1, Bands 1, 4..

Note 2: TS 36.133 v 10.7.0 Table 9.1.2.1-1, all bands

Note 3: TS 36.133 v 10.7.0 Table 9.1.2.1-1, Bands 1, 4.. with lower limit scaled for 10MHz Ch BW


Table 2: Absolute accuracy of intra-frequency RSRP for Cell 2 on the secondary component carrier
	Parameter
	Cell 1 value
	Cell 2 value
	Cell 3 value
	Core requirement
	Comment

	Carrier
	Primary
	Secondary
	Secondary
	
	

	RSRP, dBm/15kHz
	-121 dBm
	-113 dBm
	-117 dBm
	≥-127dBm Note 1
	14dB inside req’t

	Es/Iot, dB
	-4.00 dB
	+0.46 dB
	-5.76 dB
	≥-6dB Note 2
	6.46dB inside req’t

	Io, dBm/9MHz
	-87.76 dBm
	-82.43 dBm
	-82.43 dBm
	≥-93.22dBm Note 3
≤-70.00dBm Note 3
	10.8dB inside req’t

12.4dB inside req’t

	Note 1: TS 36.133 v 10.7.0 Table B.3.1-1, Bands 1, 4..

Note 2: TS 36.133 v 10.7.0 Table 9.1.2.1-1, all bands

Note 3: TS 36.133 v 10.7.0 Table 9.1.2.1-1, Bands 1, 4.. with lower limit scaled for 10MHz Ch BW


Table 3: Relative accuracy of intra-frequency RSRP for Cells 2, 3 on the secondary component carrier
	Parameter
	Cell 1 value
	Cell 2 value
	Cell 3 value
	Core requirement
	Comment

	Carrier
	Primary
	Secondary
	Secondary
	
	

	RSRP, dBm/15kHz
	-121 dBm
	-113 dBm
	-117 dBm
	≥-127dBm Note 1
	Cell 3: 10dB inside req’t

	Es/Iot, dB
	-4.00 dB
	+0.46 dB
	-5.76 dB
	≥-6dB Note 2
	Cell 3: 0.24dB inside req’t

	Io, dBm/9MHz
	-87.76 dBm
	-82.43 dBm
	-82.43 dBm
	≥-93.22dBm Note 3
≤-50.00dBm Note 3
	10.8dB inside req’t

32.4dB inside req’t

	Note 1: TS 36.133 v 10.7.0 Table B.3.8-1, Bands 1, 4..

Note 2: TS 36.133 v 10.7.0 Table 9.1.2.2-1, all bands

Note 3: TS 36.133 v 10.7.0 Table 9.1.2.2-1, Bands 1, 4.. with lower limit scaled for 10MHz Ch BW


Table 4: Relative accuracy of inter-frequency RSRP for Cells 1, 2 across different component carriers
	Parameter
	Cell 1 value
	Cell 2 value
	Cell 3 value
	Core requirement
	Comment

	Carrier
	Primary
	Secondary
	Secondary
	
	

	RSRP, dBm/15kHz
	-121 dBm
	-113 dBm
	-117 dBm
	≥-127dBm Note 1
	Cell 1: 6dB inside req’t

	Es/Iot, dB
	-4.00 dB
	+0.46 dB
	-5.76 dB
	≥-6dB Note 2
	Cell 1: 2dB inside req’t

	Io, dBm/9MHz
	-87.76 dBm
	-82.43 dBm
	-82.43 dBm
	≥-93.22dBm Note 3
≤-50.00dBm Note 3
	Cell 1 : 5.5dB inside req’t
Cell 2 : 32.4dB inside req’t

	Inter-freq RSRP difference, dB

(Cell 2 – Cell 1)
	
	+8.00 dB
	
	≤27dB Note 4
	19dB inside req’t

	Inter-freq Io difference, dB
(Freq 2 – Freq 1)
	
	+5.33 dB
	
	≤20dB Note 5
	14.7dB inside req’t

	Note 1: TS 36.133 v 10.7.0 clause B.3.4, refers to Table B.3.8-1, Bands 1, 4..

Note 2: TS 36.133 v 10.7.0 Table 9.1.3.2-1, all bands

Note 3: TS 36.133 v 10.7.0 Table 9.1.3.2-1, Bands 1, 4.. with lower limit scaled for 10MHz Ch BW.

Note 4: TS 36.133 v 10.7.0 clause 9.1.3.2, all bands

Note 5: TS 36.133 v 10.7.0 clause 9.1.3.2, all bands


It can be seen that almost all parameters are set inside the core requirements with a significant margin, the margin being shown with grey highlight. Cell 3 Es/Iot is set very close to the extremes of the side condition, and Cell 1 Es/Iot is set with a 2dB margin. Both are shown with yellow highlight.
· The Cell 3 Es/Iot value is set very close to the minimum of -6dB

· The Cell 1 Es/Iot value is set with a 2dB margin relative to the minimum of -6dB
2.2. FDD and TDD RSRP for E-UTRAN Carrier Aggregation test cases: Band dependency
For many bands the Refsens value is relaxed, and the lower limit of the RRM core requirements in TS 36.133 [2] are relaxed accordingly. For FDD, the bands are grouped and the relaxation is in the set {0dB, 1dB, 2dB, 3dB, 3.5dB}. In the existing RSRP for E-UTRAN Carrier Aggregation test cases this relaxation is applied to the Noc on each frequency, so the RSRP and Io values track. This approach has two consequences: The critical yellow-highlight values are kept constant for all bands, and the margins are not eroded for the less important grey-highlight values.
The corresponding TDD test cases are handled in the same way. For TDD, the bands are grouped and the relaxation is in the set {0dB, 1dB, 2dB}.
3.
Effect of CA band combinations
The RRM CA test cases in TS 36.133 [2] do not specify whether the carriers are contiguous or non- contiguous, or whether the carriers are intra-band or inter-band. The actual test applied to the UE will depend on the UE capability, and the RAN5 test case must therefore cover all possible combinations.
As both carriers have band-dependent parameters determined by the Refsens relaxation, the TDD test case would have to cover 3 x 3 = 9 combinations, and the FDD test case would have to cover 5 x 5 = 25 combinations. Given that one of the requirements is to measure inter-frequency relative RSRP accuracy, which involves band-dependent reported RSRP values from each carrier, it becomes clear that setting the test limits would be quite a complex task because there would be 25 possible sets of FDD test limits.

We also observe that the test cases in TS 36.133 [2] Annex A contain a note “The impact of insertion loss on RSRP tests is FFS”. The ΔRIB,c values are specified in TS 36.101 [3] Table 7.3.1A-2, and can be fractional dB values. The reported RSRP values are however quantised in 1dB steps, giving a non-linear mapping function. This would add further complexity to the 25 possible sets of FDD test limits.
4.
Test coverage of Band-dependency
The RF core requirements specify QPSK Refsens, and the test case is carried out with each component carrier at the lowest allowed level, both carriers active, and in the presence of an uplink signal, as shown in this extract from TS 36.101 [3], with a similar statement for intra-band contiguous carrier aggregation:
7.3.1A

Minimum requirements (QPSK) for CA

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 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. The reference sensitivity is defined to be met with both downlink component carriers active and either of the uplink carriers active. The UE shall meet the requirements specified in subclause 7.3.1.
The test is designed to stress the UE under low signal level conditions with CA active. Any problems such as poor noise figure or self-desensitisation from the uplink signal would show up as a failure in the Refsens test.

We should also note that the existing single carrier RSRP test covers low, mid and high power input signals.

In our understanding the CA RSRP test is designed to stress the UE under low signal-to noise conditions, hence the choice of Es/Iot close to the hardest core requirement for the intra-frequency test case in TS 36.133 [2]. It therefore seems unlikely that setting the RSRP a defined number of dB above the core requirement side condition, with band-dependency, would reveal any extra information.        
5. Way forward
By increasing the Noc values, we can derive a single set of parameters usable for all bands. In Tables 5 to 8 below, the Noc values have been increased by 5dB above the current Band 1 values, and Band 25 Core requirement figures have been used because they have the smallest margin in relation to the lower limits. Band 1 Core requirement figures would give a larger margin by 3.5dB. Upper limits all already have ample margin. 

The consequence is that the critical yellow-highlight value is kept unchanged for all band combinations, while the margins are allowed to change for the less important grey-highlight values.
The values chosen would cover sensitivity relaxations up to 5dB without eroding the existing margins.
Table 5: Absolute accuracy of intra-frequency RSRP for Cell 1 on the primary component carrier
	Parameter
	Cell 1 value
	Cell 2 value
	Cell 3 value
	Core requirement
	Comment

	Carrier
	Primary
	Secondary
	Secondary
	
	

	RSRP, dBm/15kHz
	-116 dBm
	-108 dBm
	-112 dBm
	≥-123.5dBm Note 1
	7.5dB inside req’t

	Es/Iot, dB
	-4.00 dB
	+0.46 dB
	-5.76 dB
	≥-6dB Note 2
	2dB inside req’t

	Io, dBm/9MHz
	-82.76 dBm
	-77.43 dBm
	-77.43 dBm
	≥-89.72dBm Note 3
≤-70.00dBm Note 3
	7dB inside req’t

12.8dB inside req’t

	Note 1: TS 36.133 v 10.7.0 Table B.3.1-1, Band 25.

Note 2: TS 36.133 v 10.7.0 Table 9.1.2.1-1, all bands

Note 3: TS 36.133 v 10.7.0 Table 9.1.2.1-1, Band 25 with lower limit scaled for 10MHz Ch BW


Table 6: Absolute accuracy of intra-frequency RSRP for Cell 2 on the secondary component carrier
	Parameter
	Cell 1 value
	Cell 2 value
	Cell 3 value
	Core requirement
	Comment

	Carrier
	Primary
	Secondary
	Secondary
	
	

	RSRP, dBm/15kHz
	-116 dBm
	-108 dBm
	-112 dBm
	≥-123.5dBm Note 1
	15.5dB inside req’t

	Es/Iot, dB
	-4.00 dB
	+0.46 dB
	-5.76 dB
	≥-6dB Note 2
	6.46dB inside req’t

	Io, dBm/9MHz
	-82.76 dBm
	-77.43 dBm
	-77.43 dBm
	≥-89.72dBm Note 3
≤-70.00dBm Note 3
	12.3dB inside req’t

7.4dB inside req’t

	Note 1: TS 36.133 v 10.7.0 Table B.3.1-1, Band 25
Note 2: TS 36.133 v 10.7.0 Table 9.1.2.1-1, all bands

Note 3: TS 36.133 v 10.7.0 Table 9.1.2.1-1, Band 25 with lower limit scaled for 10MHz Ch BW


Table 7: Relative accuracy of intra-frequency RSRP for Cells 2, 3 on the secondary component carrier
	Parameter
	Cell 1 value
	Cell 2 value
	Cell 3 value
	Core requirement
	Comment

	Carrier
	Primary
	Secondary
	Secondary
	
	

	RSRP, dBm/15kHz
	-116 dBm
	-108 dBm
	-112 dBm
	≥-123.5dBm Note 1
	Cell 3: 11.5dB inside req’t

	Es/Iot, dB
	-4.00 dB
	+0.46 dB
	-5.76 dB
	≥-6dB Note 2
	Cell 3: 0.24dB inside req’t

	Io, dBm/9MHz
	-82.76 dBm
	-77.43 dBm
	-77.43 dBm
	≥-89.72dBm Note 3
≤-50.00dBm Note 3
	12.3dB inside req’t

27.4dB inside req’t

	Note 1: TS 36.133 v 10.7.0 Table B.3.8-1, Band 25
Note 2: TS 36.133 v 10.7.0 Table 9.1.2.2-1, all bands

Note 3: TS 36.133 v 10.7.0 Table 9.1.2.2-1, Band 25 with lower limit scaled for 10MHz Ch BW


Table 8: Relative accuracy of inter-frequency RSRP for Cells 1, 2 across different component carriers
	Parameter
	Cell 1 value
	Cell 2 value
	Cell 3 value
	Core requirement
	Comment

	Carrier
	Primary
	Secondary
	Secondary
	
	

	RSRP, dBm/15kHz
	-116 dBm
	-108 dBm
	-112 dBm
	≥-123.5dBm Note 1
	Cell 1: 7.5dB inside req’t

	Es/Iot, dB
	-4.00 dB
	+0.46 dB
	-5.76 dB
	≥-6dB Note 2
	Cell 1: 2dB inside req’t

	Io, dBm/9MHz
	-82.76 dBm
	-77.43 dBm
	-77.43 dBm
	≥-89.72dBm Note 3
≤-50.00dBm Note 3
	Cell 1 : 7dB inside req’t

Cell 2 : 27.4dB inside req’t

	Inter-freq RSRP difference, dB

(Cell 2 – Cell 1)
	
	+8.00 dB
	
	≤27dB Note 4
	19dB inside req’t

	Inter-freq Io difference, dB
(Freq 2 – Freq 1)
	
	+5.33 dB
	
	≤20dB Note 5
	14.7dB inside req’t

	Note 1: TS 36.133 v 10.7.0 clause B.3.4, refers to Table B.3.8-1, Band 25
Note 2: TS 36.133 v 10.7.0 Table 9.1.3.2-1, all bands

Note 3: TS 36.133 v 10.7.0 Table 9.1.3.2-1, Band 25 with lower limit scaled for 10MHz Ch BW.

Note 4: TS 36.133 v 10.7.0 clause 9.1.3.2, all bands

Note 5: TS 36.133 v 10.7.0 clause 9.1.3.2, all bands


The band-agnostic Noc values used to derive the parameters in Tables 5 to 8 give a set of values usable for all bands. The consequences are:

· The test becomes feasible in RAN5, with one set of test limits applicable to all band combinations

· The critical yellow-highlight Es/Iot margins remain the same as before

· The margins are allowed to increase for the less important grey-highlight values
As explained in section 4, Anritsu believe that the proposed changes do not result in any significant loss of test coverage.
6.
RSRQ CA test cases
The CA RSRQ test cases are set with a slightly lower Noc level, resulting in slightly lower RSRP and Io values. However, the values remain 3.5dB above the core requirement, and have not been chosen at a critical value for these parameters. The Es/Iot values are set the same as for RSRP, with Cell 3 Es/Iot very close to the core requirement limit.

The reported value test limit issue is less critical for RSRQ, but the same reasoning as for RSRP can be applied to simplify the test configuration and use one set of band-agnostic values without any significant loss of test coverage. The test case maintenance would be eased in both RAN4 and RAN5. 
7. Summary and recommendations

Based on the above analysis, we make the following proposals.
· Proposal 1: RAN4 endorses the parameters shown in Tables 5 to 8 for use in TS 36.133 RSRP Test cases A.9.1.6 and A.9.1.7 
· Proposal 2: RAN4 endorses a similar principle for the TS 36.133 RSRQ Test cases A.9.2.5 and A.9.2.6
Full details of the proposed changes can be seen in the attached R4-123732 as discussed at RAN4#64.   
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