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1. Introduction
The latest RAN4 performance spec [1] has mostly finalized the requirements for sustained downlink data rate test for FR1 SA mode. Applicability for FR1 DC is pending RAN4 discussion. Also as mentioned in the LS to RAN5 [4], the SDR test duration and DL RMC for different SDR usecases are left for RAN5 to decide. 
This paper is for discussing how to test and structure SDR test in RAN5 spec.

2. Discussion

2.1. RAN4 requirements for SDR test
Pasting relevant parts from clause 5.5 of 38.101-4 for this discussion
1. The requirements in this clause are applicable to the FR1 single carrier case.
2. The requirements and procedure defined in Clause 5.5A.1 apply using operating band instead of CA configuration, and bandwidth instead of bandwidth combination.

3. The test parameters are determined by the following procedure:
-

Select one CA bandwidth combination among all supported CA configurations and set of per component carrier (CC) UE capabilities among all supported UE capabilities that provides the largest data rate [TS 38.306 [14, Section 4.1.2]].

-
Set of per CC UE capabilities includes channel bandwidth, subcarrier spacing, number of PDSCH MIMO layers, modulation format and scaling factor [TS 38.306 [14, Section 4.1.2]].

-
When there are multiple sets of CA bandwidth combinations and UE capabilities (channel bandwidth, subcarrier spacing, number of MIMO layer, modulation format, scaling factor) with same largest data rate, select one among sets with the smallest aggregated channel bandwidth.

-
For each CC in CA bandwidth combination, use Table 5.5A-5 to determine MCS based on test parameters and indicated UE capabilities.

The common test parameters are specified in Table 5.5A-1. The parameters specified in Table 5.5A-2 are applicable for tests on FDD CCs and parameters specified in Table 5.5A-3 are applicable for tests on TDD CCs.
Table 5.5A-1: Common test parameters for FDD and TDD component carriers

Table 5.5A-2: Additional test parameters for FDD CC

Table 5.5A-3: Additional test parameters for TDD CC

Table 5.5A-4: Number of PRBs in CORESET

Table 5.5A-5: MCS indexes for indicated UE capabilities

	Maximum number of PDSCH MIMO layers
	Maximum modulation format
	Scaling factor
	MCS

	1
	8
	1
	[26]

	1
	8
	0.8
	[21]

	1
	8
	0.75
	[20]

	1
	8
	0.4
	[11]

	1
	6
	1
	[27]

	1
	6
	0.8
	[23]

	1
	6
	0.75
	[22]

	1
	6
	0.4
	[14]

	1
	4
	1
	[16]

	1
	4
	0.8
	[16]

	1
	4
	0.75
	[16]

	1
	4
	0.4
	[10]

	1
	2
	1
	[9]

	1
	2
	0.8
	[9]

	1
	2
	0.75
	[9]

	1
	2
	0.4
	[4]

	2
	8
	1
	[26]

	2
	8
	0.8
	[21]

	2
	8
	0.75
	[20]

	2
	8
	0.4
	[11]

	2
	6
	1
	[27]

	2
	6
	0.8
	[23]

	2
	6
	0.75
	[22]

	2
	6
	0.4
	[14]

	2
	4
	1
	[16]

	2
	4
	0.8
	[16]

	2
	4
	0.75
	[16]

	2
	4
	0.4
	[10]

	2
	2
	1
	[9]

	2
	2
	0.8
	[9]

	2
	2
	0.75
	[9]

	2
	2
	0.4
	[4]

	4
	8
	1
	[26]

	4
	8
	0.8
	[23]

	4
	8
	0.75
	[22]

	4
	8
	0.4
	[12]

	4
	6
	1
	[27]

	4
	6
	0.8
	[24]

	4
	6
	0.75
	[23]

	4
	6
	0.4
	[14]

	4
	4
	1
	[16]

	4
	4
	0.8
	[16]

	4
	4
	0.75
	[16]

	4
	4
	0.4
	[11]

	4
	2
	1
	[9]

	4
	2
	0.8
	[9]

	4
	2
	0.75
	[9]

	4
	2
	0.4
	[5]


2.2. SDR for single carrier 
2.2.1. SDR for single carrier test case structure in RAN5 spec
For single carrier, the test point selection is based on selecting a bandwidth among all the supported UE bands and set of UE capabilities that provides the largest data rate as per the equation in 38.306 clause 4.1.2. 

Pasting the relevant snippet below.

For NR, the approximate data rate for a given number of aggregated carriers in a band or band combination is computed as follows.
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wherein

J is the number of aggregated component carriers in a band or band combination

Rmax = 948/1024

For the j-th CC,
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 is the maximum number of supported layers given by higher layer parameter maxNumberMIMO-LayersPDSCH for downlink and maximum of higher layer parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH for uplink.
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 is the maximum supported modulation order given by higher layer parameter supportedModulationOrderDL for downlink and higher layer parameter supportedModulationOrderUL for uplink.
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is the scaling factor given by higher layer parameter scalingFactor and can take the values 1, 0.8, 0.75, and 0.4.
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 is the numerology (as defined in TS 38.211 [6])
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 is the average OFDM symbol duration in a subframe for numerology 
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, i.e. 
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. Note that normal cyclic prefix is assumed.
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 is the maximum RB allocation in bandwidth 
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, as defined in 5.3 TS 38.101-1 [2] and 5.3 TS 38.101-2 [3], where 
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 is the UE supported maximum bandwidth in the given band or band combination.
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is the overhead and takes the following values

0.14, for frequency range FR1 for DL

0.18, for frequency range FR2 for DL

0.08, for frequency range FR1 for UL

0.10, for frequency range FR2 for UL

NOTE:
Only one of the UL or SUL carriers (the one with the higher data rate) is counted for a cell operating SUL.

The approximate maximum data rate can be computed as the maximum of the approximate data rates computed using the above formula for each of the supported band or band combinations.

Observation1: Instead of different UE categories defined in LTE, NR has a single max data rate equation. There are UE capabilities (num layers, modulation order, scaling factor, numerology) that governs the max data rate a UE can support

In LTE, we split the SDR test case into FDD/TDD, 64QAM/256QAM, 2layer/4layer. In NR there is no need to split as per any of these parameters. 
Proposal1: Define a single test case for single carrier encompassing FDD/TDD and other UE capability parameters.
2.2.2. DL RMC and other config generation for different test points
As seen from the max data rate equation, there are the 2592 different combinations of UE capabilities possible.

Table 2.2.2-1: Possible combinations of UE capabilities for max data rate equation

	Possible combinations

	num layers
	3
	1,2,4 (layers)

	mod order
	6
	qpsk,16qam,64qam,256qam, bpsk, pi/2 bpsk

	scaling factor
	4
	1,0.8,0.75,0.4

	numerology
	3
	15,30,60 (kHz)

	BW
	12
	5,10,15,20,25,30,40,50,60,80,90,100 (MHz)

	Total combinations
	2592
	 


Specifying the DL RMC, UL RMC, PDCP param for all these combinations is not practical and will make the spec very large. 

Observation2: With NSA mode, the number of RMC will further increase as even LTE RMC need to be defined for various BW, UE categories, UE releases. There definitely is a need to minimize the possible combinations. 
Our proposal is to take inputs from Infra, UE vendors and Operators and decide on a minimum set of combinations which are expected to be deployed and supported for FR1.

Below combination is our proposal to use as starting point. 36 RMC is lot more manageable. If in the future more combinations are needed, it can be added in the Annex on need basis.

Table 2.2.2-2: Proposed combinations of UE capabilities for max data rate equation

	Proposed combinations

	num layer
	3
	1,2,4 (layers)

	mod order
	2
	64qam, 256qam

	scaling factor
	1
	1

	numerology
	2
	15,30 (kHz)

	BW
	3
	10,20,100 (MHz)

	Total combo
	36
	 


In addition to above mentioned 36 combinations, few additional combinations would need to be defined. For eg, n51 and n76 only support 5MHz SCS 15kHz. RMC for this config can also be defined.
Proposal2a: Adopt the proposed combinations in table 2.2.2.2 for which DL RMC, UL RMC, PDCP param will be provided in the Annex section of 38.521-4 spec. 
Proposal2b: As per the RAN4 LS [4], RAN5 to define the DL RMC and any associated UL RMC for the proposed combinations in prop2a

2.2.3. SDR test case duration

As mentioned in the RAN4 LS [4] to RAN5, it is upto RAN5 to decide on the minimum duration to run SDR test. 

Since SDR is a static channel test with no channel impairments, our proposal is to keep the test duration to 300 subframes (+ time needed to finish HARQ or RLC retransmissions) which is same as what was used in LTE as well. 

Proposal3: Keep test duration for SDR test to 300 subframes (+ time needed to finish HARQ or RLC retransmissions).

2.2.4. Es power level

Es power level for this SDR test is currently no defined in the spec. As proposed in [5], we would like to propose Es level of -112 dBm/Hz for the FR1 SDR test case. This level has 40 dB margin on top of the worst case noise floor expected to the seen on a UE based on the current requirements defined in the Reference sensitivity test case of 38.101-1. 
Proposal4: Fix Es power level for the FR1 SDR test case to -112 dBm/Hz.
2.3. SDR for FR1 CA

The max data rate equation is the same for CA as well. 

For CA, one CA bandwidth combination among all supported CA configurations and set of per component carrier (CC) UE capabilities among all supported UE capabilities needs to be selected that provides the largest data rate per the max data rate equation.

Along similar lines as single carrier, our proposal is to only split the CA section as per number of DL CCs.

Eg, 2DLCA, 3DLCA, 4DLCA, 5DLCA, so on

Proposal5: Define a SDR for CA section and split as per number of DL CCs.

3. Conclusions

Observation1: Instead of different UE categories defined in LTE, NR has a single max data rate equation. There are UE capabilities (num layers, modulation order, scaling factor, numerology) that governs the max data rate a UE can support.
Proposal1: Define a single test case for single carrier encompassing FDD/TDD and other UE capability parameters.

Observation2: With NSA mode, the number of RMC will further increase as even LTE RMC need to be defined for various BW, UE categories, UE releases. There definitely is a need to minimize the possible combinations.
Proposal2a: Adopt the proposed combinations for which DL RMC, UL RMC, PDCP param will be provided in the Annex section of 38.521-4 spec. 
Proposal2b: As per the RAN4 LS [4], RAN5 to define the DL RMC and any associated UL RMC for the proposed combinations in prop2a

Proposal3: Keep test duration for SDR test to 300 subframes (+ time needed to finish HARQ or RLC retransmissions).

Proposal4: Fix Es power level for the FR1 SDR test case to -112 dBm/Hz.
Proposal5: Define a SDR for CA section and split as per number of DL CCs.
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