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1.     History and introduction

We think that the throughput measurements in DC- and DB-HSDPA (receiver characteristics and receiver performance) might be of similar nature than the equivalent measurements in CA for LTE. So we quote some facts from 34.121-1 clauses 6 and 9 as an introduction.
1.1 Throughput and BLER measurements in DC-HSDPA and DB-DC-HSDPA.
1.1.1. Clause 6 receiver characteristic.

· BLER shall be better 10%.

· BLER is tested and decided individually on each cell.

· This is also expressed explicitly in the core spec 25.101

· The statistical pass/fail limit is based on a constant number of samples. 
· The ns is justified statistically. There is no minimum test time due to fading.

· There is no early decision concept applicable.

· As the block rate in both carriers is the same, the test lasts the same time for both cells.

· Although it is not expressed explicitly, both cells are run simultaneously

Consequence:

The UE may fail, even if the average BLER of the 2 cells is met.

(If the BLER is asymmetric among individual cells) 

Exception:

In ACS (6.4.B, C) there is no statement whether individual cells are tested.

For consistency reasons, we assume it is also measured per cell.

1.1.2. Clause 9.2, Performance requirements for HSDPA
· Throughput is tested against different limits ( limits in a large range)
· Throughput is tested and decided individually on each cell. However this is not expressed explicitly in the core spec 25.101. Nevertheless there are hints how to handle DC-and DB HSDPA. See 3 notes below.  

· The statistical pass/fail limit is based in most cases on minimum test time due to fading. 

· In some rare cases it is based on a constant number of samples. 

· There is no early decision concept applicable.

· As the transport block rate in both carriers is the same, the test lasts the same time for both cells.

· Although it is not expressed explicitly, both cells are run simultaneously (exception see below)
Consequence:

The UE may fail, even if the average BLER is met.

(If the BLER is asymmetric among individual cells) 

Exception:

In 9.2.1.LA and B (DC-HSDPA with type 3i) the test is split into part tests, in order to save Fading simulators.  The part tests are run in sequence and the throughput of the cells are gained in sequence. However the pass fail decision is done against the sum of the throughputs.
Semantics:
There are tests, which explicitly measure throughput per cell, but it is a single cell test, and the “per cell” expression is meaningless (but not wrong)
Note in 25.101: 
The values in the table define H-Set 3. H-Set 3A for DC-HSDPA and DB-DC-HSDPA is formed by applying H-Set 3 to each of the carriers available in DC-HSDPA and DB-DC-HSDPA mode. H-Set 3B and H-Set 3C for4C-HSDPA are formed by applying H-Set 3 to each of the carriers available in 4C-HSDPA mode (3 carriers for H-Set 3B and 4 carriers for H-Set 3C).
Note in 34.121-1 Table9.2.1FA.8

*Note 2: For Fixed Reference Channel (FRC) H-Set 6A the reference values for R should be scaled (multiplied by 2.0). The throughput on each cell should be Reference value R.
34.121.1 clause 9.2.1FA.4.2
Procedure Step 2

….Throughput shall be measured per cell and compared to requirements in these tables.

2. Throughput measurements in LTE CA

2.1 Receiver Characteristics
2.1.1     36.101 statement for Receiver Characteristic
· Reference sensitivity

· Maximum input level

· ACS

· Blocking

· Intermodulation:
For intra-band contiguous carrier aggregation the throughput of each component carrier shall be ≥ 95% of the maximum throughput of the reference measurement channels.
2.1.2 Discussion for testing
As we have static propagation conditions, no minimum test time due to fading is applicable.
Fixed No of samples versus and early decision concept:
For a given statistical significance the number of errors determines the test time (low error ratio( long test time). 95% of the maximum throughput corresponds 5% error ratio. The early decision concept shortens the test time for a very good and a very bad device. The relatively low error ratio of 5% would prefer the early decision concept. This concept is applied for all non CA receiver tests (36.512-1, Annex G.2). However the individual test time is not predictable. The unpredictable test time complicates the test, when for  
CA the throughput of each component carrier is measured individually.  Hence we propose to transit to the fixed number of samples concept for CA. An additional argument for this proposal is as follows: While the early decision concept returns a pure decision, and says little about the quality of the DUT, the standard concept returns the quality of the DUT, from which the decision is derived. So quality differences among CC are better visible, using the fixed number concept. 

2.1.3  We propose the fixed No of samples.

Apply 1003 samples. To pass the test, test against <=62 errors
Test parameters for theses numbers are:
Throughput limit 95% of the max throughput

Confidence Level 95%

Bad DUT factor = 1.5

Meaning:

62 Errors: pass, the DUT is better than the bad DUT with a confidence level of 95%.

63 Errors: fail, the DUT is worse than the limit DUT with a confidence level of 95%.
Note1: 62/1003 = 0.0618. This is the same test limit as used at the end of Table G.2.4-1: pass fail limits, which is applicable for non CA receiver tests.
Note2: The statement in the minimum requirements: “…the throughput of each component carrier shall be ≥ 95% of the maximum throughput of the reference measurement channels” shall be reflected in the test procedure and in the test requirements.

2.1.4 Text proposal
(Currently all test procedures for CA are FFS)
Test procedure:

Measure the average throughput for each CC for a duration sufficient to achieve statistical significance according to Annex G.2A.

Test requirement:

The throughput for each CC shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in ….   To pass one test point both CC shall pass.
2.1.5  New annex G.2A
See CR in R5-123322
2.2 Performance requirements
2.2.1 Some quotations from 36.101 clause 8 performance

Table 8.2.1.1.1-2: Minimum performance (FRC)

	Test num.
	Band-width
	Referencechannel
	OCNG pattern
	Propa-

gation condi-tion
	Correlation matrix and antenna config.
	Reference value
	UE cate-

gory
	CA capa-

bility

	
	
	
	
	
	
	Fraction of maximum
throughput (%)
	SNR (dB)
	
	

	1
	10 MHz
	R.2 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	-1.0
	1-8
	non-CA

	
	2x10 MHz
	R.2 FDD
	
	EVA5
	1x2 Low
	70
	-1.1
	3-8
	CL_A-A

	20
	2x20 MHz
	R.42 FDD
	OP.1 FDD (Note 1)
	EVA5
	1x2 Low
	70
	-1.3
	5-8
	CL_A-A, CL_C


Table 8.2.1.3.1-2: Minimum performance Large Delay CDD (FRC)

	Test num.
	Band-width
	Referencechannel
	OCNG pattern
	Propa-

gation condi-tion
	Correlation matrix and antenna config.
	Reference value
	UE cate-

gory
	CA capa-

bility

	
	
	
	
	
	
	Fraction of maximum

throughput (%)
	SNR (dB)
	
	

	1
	10 MHz
	R.11 FDD
	OP.1 FDD
	EVA70
	2x2 Low
	70
	13.0
	2-8
	non-CA

	
	2x10 MHz
	R.11 FDD
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	13.7
	3-8
	CL_A-A

	2
	2x20 MHz
	R.30 FDD
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	13.2
	5-8
	CL_A-A, CL_C

	3
	2x20 MHz
	R.35-1 FDD
	OP.1 FDD (Note 1)
	EVA5
	2x2 Low
	70
	[TBD]
	4
	CL_A-A, CL_C

	Note 1:
For CA capable UE, the OCNG pattern applies for each CC.


Table 8.2.1.4.3-2: Minimum performance Multi-Layer Spatial Multiplexing (FRC)

	Test num.
	Band-width
	Referencechannel
	OCNG pattern
	Propa-

gation condi-tion
	Correlation matrix and antenna config.
	Reference value
	UE cate-

gory
	CA capa-

bility

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)
	
	

	1
	10 MHz
	R.36 FDD
	OP.1 FDD
	EPA5
	4x2 Low
	70
	14.7
	2-8
	-

	2
	2x10 MHz
	R.14 FDD
	OP.1 FDD (Note 1)
	EVA5
	4x2 Low
	70
	10.8
	3-8
	CL_A-A

	Note 1:
For CA capable UE, the OCNG pattern applies for each CC.


Table 8.2.1.7.1-2: Minimum performance (FRC)

	Test num.
	Band-width
	Referencechannel
	OCNG pattern
	Propa-

gation condi-tion
	Correlation matrix and antenna config.
	Reference value

PCell Fraction of maximum
throughput (%)


	UE cate-

gory
	CA capa-

bility

	1
	2x20 MHz
	R.xxFDD
	[TBD]
	Static
	1x2
	[TBD]
	5-8
	CL_C


Table 8.2.2.1.1-2: Minimum performance (FRC)

	Test number
	Bandwidth 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category
	CA capability

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	
	

	20
	2x20MHz
	R.42 TDD
	OP.1 TDD (Note 1)
	EVA5
	1x2 Low
	70
	-1.2
	5-8
	CL_C

	Note 1:
For CA capable UE, the OCNG pattern applies for each CC.


8.1.1
Dual-antenna receiver capability

…..
For test cases with more than one component carrier, "Fraction of Maximum Throughput" in the performance requirement refers to the ratio of the sum of throughput values of all component carriers to the sum of the nominal maximum throughput values of all component carriers.

2.2.2 Observations
1. Most tests are under EPA5 / EVA5 propagation conditions, demanding a minimum test time, certainly above a any statistically justified test time.

Some tests are under EVA70 propagation conditions, demanding a minimum test time, probably above the statistically justified test time.

One test is under static propagation conditions. Minimum test time can be derived from statistical justification.

2. The throughput limit in all CA tests is 70% of the maximum throughput, which corresponds 30% error ratio, a very high error ratio, leading to a short test time, when statistical reasons apply.

3. The CCs in CA are of equal BW and run with the same RMC. There is (up to now) no test with unequal BW and unequal RMC.

4. The quotation from 8.1.1 is clearly not consistent with the throughput measurement for receiver characteristics, and possibly not consistent with the throughput measurement in DC-DB- HSDPA performance tests. However there is no problem to turn this statement into measurement technology.

2.2.3 Proposal for testing
For static propagation conditions, we propose to use the statistically justified number of samples. Those are:
Apply 184 samples. To pass the test, test against <=66 errors

Note: same is used in G.3.3
Test parameters for theses numbers are:

Throughput limit 70% of the max throughput

Confidence Level 95%

Bad DUT factor = 1.378 (justification see: TS 34.121 Clause F.6.3.3)
Meaning:

66 Errors: pass, The DUT is better than the bad DUT with a confidence level of 95%.

67 Errors: fail, The DUT is worse than the limit DUT with a confidence level of 95%.

We propose to determine a fixed number of (active) samples, meeting the minimum test time equal for the all EVA5 and EPG5 propagation condition.  We propose a minimum test time for EVA70 propagation conditions. 
R&S is not able to propose a minimum test time due to fading, since we have no simulation capabilities. 
R&S propose to use the statistically justified test limit for all performance tests (also for the fading tests)
Pass, if ne/ns <= 66/184 (the ratio applies, not the individual numbers),
where ne is the number of errors, observed.

ns is the number of samples, collected during the test time.

As a consequence, the throughput tests are finalised at the same time for both CC.
2.2.4  New annex G.3A

We think it is clearer to create a specific annex for performance tests with CA, although it seems possible to integrate the new information into the existing annex G.3. 

See CR in R5-123324
