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1. Introduction
The present performance tests don’t always cover low UE categories, even when this is not limited from the definition of the DL UE category itself (Table 4.1-1 in 3GPP TS 36.306 [1]). The lack of coverage is rather a direct consequence of the limited support of the used Reference Measurement Channels. At the time of test definition the UE categories was not an actual and aware topic. It is now not clear, whether the present situation is acceptable, or efforts and solution for a better coverage are necessary. This paper introduced briefly an alternative which can be considered. 
2. Discussion
The PDSCH performance tests (3GPP TS 36.101 [2]) with the corresponding UE-category-coverage derived directly from the used RMC-s (R4-092441 [5]) are summarized in the table below (Table 1) (tests description without used OCNG-Patterns). The tests, the coverage of which is dependent only from the choice of the used RMC, are highlighted.
	Test number
	Bandwidth 
	Reference Channel
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	PDSCH: Single-antenna port: QPSK


	[1.1]
	10 MHz
	[R.2 FDD]
	EVA5
	1x2 Low
	70
	-1.0
	1-5

	[1.2]
	10 MHz
	[R.2 FDD]
	ETU70
	1x2 Low
	70
	-0.4
	1-5

	[1.3]
	10 MHz
	[R.2 FDD]
	ETU300
	1x2 Low
	70
	0.0
	1-5

	[1.4]
	10 MHz
	[R.2 FDD]
	HST
	1x2 Low
	70
	-2.4
	1-5

	[2.1]
	1.4 MHz
	[R.4 FDD]
	EVA5
	1x2 Low
	70
	-0.5
	1-5

	[1.1]
	10 MHz
	[R.2 TDD]
	EVA5
	1x2 Low
	70
	-1.2
	1-5

	[1.2]
	10 MHz
	[R.2 TDD]
	ETU70
	1x2 Low
	70
	-0.6
	1-5

	[1.3]
	10 MHz
	[R.2 TDD]
	ETU300
	1x2 Low
	70
	-0.2
	1-5

	[1.4]
	10 MHz
	[R.2 TDD]
	HST
	1x2 Low
	70
	-2.6
	1-5

	[2.1]
	1.4 MHz
	[R.4 TDD]
	EVA5
	1x2 Low
	70
	-0.5
	1-5

	PDSCH: Single-antenna port: 16QAM



	[1.5]
	10 MHz
	[R.3 FDD]
	EVA5
	1x2 Low
	70
	6.7
	2-5

	[1.6]
	10 MHz
	[R.3 FDD]
	ETU70
	1x2 Low
	30
	1.4
	2-5

	[1.7]
	10 MHz
	[R.3 FDD]
	ETU300
	1x2 High
	70
	9.4
	2-5

	[1.5]
	10 MHz
	[R.3 TDD]
	EVA5
	1x2 Low
	70
	6.7
	2-5

	[1.6]
	10 MHz
	[R.3 TDD]
	ETU70
	1x2 Low
	30
	1.4
	2-5

	[1.7]
	10 MHz
	[R.3 TDD]
	ETU300
	1x2 High
	70
	9.3
	2-5

	PDSCH: Single-antenna port: 64QAM



	[2.2]
	3 MHz
	[R.5 FDD]
	EVA5
	1x2 Low
	70
	17.6
	1-5

	[2.3]
	5 MHz
	[R.6 FDD]
	EVA5
	1x2 Low
	70
	17.4
	2-5

	[1.8]
	10 MHz
	[R.7 FDD]
	EVA5
	1x2 Low
	70
	17.7
	2-5

	[1.9]
	10 MHz
	[R.7 FDD]
	ETU70
	1x2 Low
	70
	19.0
	2-5

	[1.10]
	10 MHz
	[R.7 FDD]
	EVA5
	1x2 High
	70
	19.1
	2-5

	[2.4]
	15 MHz
	[R.8 FDD]
	EVA5
	1x2 Low
	70
	17.7
	2-5

	[2.5]
	20 MHz
	[R.9 FDD]
	EVA5
	1x2 Low
	70
	17.6
	3-5

	[2.2]
	3 MHz
	[R.5 TDD]
	EVA5
	1x2 Low
	70
	17.6
	1-5

	[2.3]
	5 MHz
	[R.6 TDD]
	EVA5
	1x2 Low
	70
	17.6
	2-5

	[1.8]
	10 MHz
	[R.7 TDD]
	EVA5
	1x2 Low
	70
	17.6
	2-5

	[1.9]
	10 MHz
	[R.7 TDD]
	ETU70
	1x2 Low
	70
	19.1
	2-5

	[1.10]
	10 MHz
	[R.7 TDD]
	EVA5
	1x2 High
	70
	19.1
	2-5

	[2.4]
	15 MHz
	[R.8 TDD]
	EVA5
	1x2 Low
	70
	17.8
	2-5

	[2.5]
	20 MHz
	[R.9 TDD]
	EVA5
	1x2 Low
	70
	17.7
	3-5

	PDSCH: Single-antenna port: 1 PRB allocation


	3.1
	3 MHz
	R.0 FDD
	ETU70
	1x2 Low
	30
	1.9
	1-5

	3.2
	10 MHz
	R.1 FDD
	ETU70
	1x2 Low
	30
	1.9
	1-5

	3.3
	20 MHz
	R.1 FDD
	ETU70
	1x2 Low
	30
	1.9
	1-5

	3.4
	10 MHz
	R.29 FDD
	ETU70
	1x2 Low
	30
	2.0
	1-5

	[3.1]
	3 MHz
	[R.0 FDD]
	ETU70
	1x2 Low
	30
	2.1
	1-5

	[3.2]
	10 MHz
	[R.1 FDD]
	ETU70
	1x2 Low
	30
	2.0
	1-5

	[3.3]
	20 MHz
	[R.1 FDD]
	ETU70
	1x2 Low
	30
	2.1
	1-5

	[3.4]
	10 MHz
	[R.29 FDD]
	ETU70
	1x2 Low
	30
	2.0
	1-5

	PDSCH: Transmit diversity


	[7.1]
	10 MHz
	[R.11 FDD]
	EVA5
	2x2 Medium
	70
	6.8
	2-5

	[7.2]
	10 MHz
	[R.10 FDD]
	HST
	2x2 Low
	70
	-2.3
	1-5

	[7.3]
	1.4 MHz
	[R.12 FDD]
	EPA5
	4x2 Medium
	70
	0.2
	1-5

	[7.1]
	10 MHz
	[R.11 TDD]
	EVA5
	2x2 Medium
	70
	6.8
	2-5

	[7.2]
	10 MHz
	[R.10 TDD]
	HST
	2x2 Low
	70
	-2.3
	1-5

	[7.3]
	1.4 MHz
	[R.12 TDD]
	EPA5
	4x2 Medium
	70
	-0.2
	1-5

	PDSCH: Open-loop spatial multiplexing
(Multi layer per definition (Table 4.1-1 in 3GPP TS 36.306 [1]) not supported from UE category 1)



	[6.1]
	10 MHz
	[R.11 FDD]
	EVA70
	2x2 Low
	70
	13.0
	2-5

	[6.2]
	10 MHz
	[R.14 FDD]
	EVA70
	4x2 Low
	70
	14.3
	2-5

	[6.1]
	10 MHz
	[R.11 TDD]
	EVA70
	2x2 Low
	70
	13.1
	2-5

	[6.2]
	10 MHz
	[R.14 TDD]
	EVA70
	4x2 Low
	70
	14.2 
	2-5

	PDSCH: Closed-loop spatial multiplexing: Single-Layer


	[4.1]
	10 MHz
	[R.10 FDD]
	EVA5
	2x2 Low
	70
	-2.5
	1-5

	[4.2]
	10 MHz
	[R.10 FDD]
	EPA5
	2x2 High
	70
	-2.8
	1-5

	[4.3]
	10 MHz
	[R.13 FDD]
	EVA5
	4x2 Low
	70
	-3.4
	1-5

	[4.1]
	10 MHz
	[R.10 TDD]
	EVA5
	2x2 Low
	70
	-3.1
	1-5

	[4.2]
	10 MHz
	[R.10 TDD]
	EPA5
	2x2 High
	70
	-3.3
	1-5

	[4.3]
	10 MHz
	[R.13 TDD]
	EVA5
	4x2 Low
	70
	-3.7
	1-5

	PDSCH: Closed-loop spatial multiplexing: Multi-Layer
(Multi layer per definition (Table 4.1-1 in 3GPP TS 36.306 [1]) not supported from UE category 1)


	[5.1]
	10 MHz
	[R.11 FDD]
	EVA5
	2x2 Low
	70
	12.9
	2-5

	[5.2]
	10 MHz
	[R.11 FDD]
	ETU70
	2x2 Low
	70
	14.3
	2-5

	[5.3]
	10 MHz
	[R.14 FDD]
	EVA5
	4x2 Low
	70
	10.5
	2-5

	[5.1]
	10 MHz
	[R.11 TDD]
	EVA5
	2x2 Low
	70
	12.8
	2-5

	[5.2]
	10 MHz
	[R.11 TDD]
	ETU70
	2x2 Low
	70
	13.9
	2-5

	[5.3]
	10 MHz
	[R.14 TDD]
	EVA5
	4x2 Low
	70
	10.7
	2-5

	PDSCH: UE-specific reference symbols



	[11.1]
	10 MHz
	[R.25 TDD]
	EPA5
	1x2 Low
	70
	-0.8
	1-5

	[11.2]
	10 MHz
	[R.26 TDD]
	EPA5
	1x2 Low
	70
	7.0
	2-5

	[11.3]
	10 MHz
	[R.27 TDD]
	EPA5
	1x2 Low
	70
	17.0
	2-5

	[11.4]
	10 MHz
	[R.28 TDD]
	EPA5
	1x2 Low
	30
	1.7
	1-5


Table 1: PDSCH Performance tests and the supported UE categories
As shown in the table the test-restrictions with respect to low UE-categories are considerable. The performance for Single-antenna port 16QAM, Transmit diversity and PDSCH with UE-specific reference symbols for UE category 1 are fully or partially not testable, even though these features are supports from the UE-s of this category. An alternative to solve this problem is to define additional RMC-s with lower data rate, which are supported also from lower UE categories. These RMC-s would then be used in tests only for the low UE categories, which are yet not covered. The present test configurations for the already covered UE categories remains this way not affected.

We see two ways for defining new low rate RMC-s (in any case the modulation and code rate are held the same as in the present RMC-s, since these are very significant criteria of performance):
a) keep the allocation unchanged and use the first lower channel bandwidth found, which fits the wanted low UE category
b) use partial allocation and fill the rest of the channel with OCNG (as for Maximum input level, see R4-091709 [3] and R4-092107 [4])
Point a) maintains the full allocation for another channel BW, while Point b) tries to extend test coverage for a given channel BW. Although partial allocation for performance tests is discussible, the tests still give evidence about performance at a given channel BW, modulation and code rate. Since test requirements are relative throughput values, both of the alternatives would theoretically not affect the requirements.
According this rational several present RMC-s (highlighted in pink) are enhanced with additional lower rate RMC-s (highlighted in yellow) as shown in the table below (Table 2): 
	Reference channel
	Bandwidth
	Allocation
	Modulation & Codingrate
	UE Category

	PDSCH: Single-antenna port: QPSK



	R.4
	1.4
	full
	QPSK 1/3
	1-5

	R.2
	10
	full
	QPSK 1/3
	1-5

	PDSCH: Single-antenna port: 16QAM



	R.3
	10
	full
	16QAM 1/2
	2-5

	R.3-1
	5
	full
	16QAM 1/2
	Only for 1

	PDSCH: Single-antenna port: 64QAM



	R.5
	3
	full
	64QAM 3/4
	1-5

	R.6
	5
	full
	64QAM 3/4
	2-5

	R.7
	10
	full
	64QAM 3/4
	2-5

	R.8
	15
	full
	64QAM 3/4
	2-5

	R.9
	20
	full
	64QAM 3/4
	3-5

	R.6-1
	5
	16 PRB-s + OCNG
	64QAM 3/4
	Only for 1

	R.7-1
	10
	16 PRB-s + OCNG
	64QAM 3/4
	Only for 1

	R.8-1
	15
	16 PRB-s + OCNG
	64QAM 3/4
	Only for 1

	R.9-1
	20
	16 PRB-s + OCNG
	64QAM 3/4
	Only for 1

	R.9-2
	20
	80 PRB-s + OCNG
	64QAM 3/4
	Only for 2

	PDSCH: Single-antenna port: 1 PRB allocation (and MBSFN conf.)


	R.0
	3
	1 PRB
	16QAM 1/2
	1-5

	R.1
	10/20
	1 PRB
	16QAM 1/2
	1-5

	R.29 (MBSFN)
	10
	1 PRB
	16QAM 1/2
	1-5

	PDSCH: Multi-antenna transmission: 2 Antenna ports


	R.10
	10
	full
	QPSK 1/3
	1-5

	R.11
	10
	full
	16QAM 1/2
	2-5

	R.11-1
	5
	full
	16QAM 1/2
	Only for 1

	PDSCH: Multi-antenna transmission: 4 Antenna ports


	R.12
	1.4
	full
	QPSK 1/3
	1-5

	R.13
	10
	full
	QPSK 1/3
	1-5

	R.14
	10
	full
	16QAM 1/2
	2-5

	PDSCH: UE specific reference symbols


	R.25
	10
	full
	QPSK 1/3
	1-5

	R.26
	10
	full
	16QAM 1/2
	2-5

	R.27
	10
	full
	64QAM 3/4
	2-5

	R.26-1
	5
	full
	16QAM 1/2
	Only for 1

	R.27-1
	10
	16 PRB-s + OCNG
	64QAM 3/4
	Only for 1

	R.28
	10
	1 PRB
	16QAM 1/2
	1-5


Table 2: Present and additional RMC-s and the supported UE categories

At this point, companies are pleased to concern this topic and express their opinion on the proposed solution and a wanted way forward. Basically there are following alternatives:
Alternative







Coverage for low UE categories

a) only additional RMC-s with smaller BW





(better)
b) additional RMC-s with smaller BW and RMC-s with partial allocation + OCNG 

(full)
c) another way forward? 







(?)
d) accept the present low test coverage, excluding low UE categories from several tests 
(low)
For alternatives a) or b) R&S is happy to provide the corresponding CR in the next RAN4 meeting.  
3. Conclusion

In this paper the problem of lack of performance tests’ coverage w.r.t. low UE categories due to the used RMC-s were introduced. Hence an alternative for extending the coverage by defining additional low rate RMC-s (smaller channel bandwidth or partial allocation+OCNG) was proposed. 
The companies’ feedback on a way forward relating this issue is very welcome. 
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