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Introduction
In this contribution we provide TP to External TR on OTA BS testing for the demodulation performance requirements section. 
Technical content is based on the draft TR shared on the RAN4 Drafts reflector before the e-meeting. Technical content is sourced from the following legacy TRs (indicated by individual Track Changes IDs), with additional text corrections applied by the Rapporteur: 
· TR 37.842, v13.3.0
· TR 37.843, v15.6.0
· TR 38.817-02, v15.6.0
Structure of sections is based on the TR Skeleton as in [2].
The MU / TT values in the text were highlighted for the purpose of values cross-checking in the final version of the TR, once the MU and TT sections are completed with corrected and updated inputs from the Excel spreadsheet. 
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------------------------------ Modified section ------------------------------
[bookmark: _Toc32332627]15	Demodulation performance requirements
[bookmark: _Toc21086749][bookmark: _Toc29769209][bookmark: _Toc32332628]15.1	General
This subclause describes the OTA aspects of the test procedure for assessing demodulation requirements, based on the analysis of the UTRA FDD and E-UTRA demodulation requirements which were found feasible OTA, as captured in subclause 15.2. The same principles are to be used for the analysis of the OTA demodulation performance requirements for NR.
The OTA part of the test procedure is the same for each requirement.
[bookmark: _Toc21086220][bookmark: _Toc29768656][bookmark: _Toc32332629]15.2	BS demodulation requirements feasible OTA

The feasibility analysis of the OTA test cases modelling concluded that the conducted test case with one TX (UE side) and one or two RX chains (BS side) were identified as candidates for feasible OTA demodulation cases.
For 2RX case the cross-polarisation is assumed to be used in order to achieve separation of streams at the RX side of OTA test setup. Most of the conducted test cases in 1TX-1RX, or 1TX-2RX configuration, can be implemented in OTA test setups as illustrated in figures 15.3-1 and 15.3-2 for the multipath fading propagation conditions, and in figures 15.3-3 and 15.3-4 for the static propagation conditions.
Based on the analysis of the conducted BS demodulation requirements for UTRA FDD and E-UTRA, the single RAT requirements considered as feasible in OTA test setup were listed in tables 15.2-1 and 15.2-2 for UTRA and E-UTRA. The same principles (i.e. based on cross-polarisation) are to be used for the analysis of the OTA demodulation performance requirements for NR.
Table 15.2-1: UTRA FDD BS demodulation requirements feasible OTA 
	UTRA FDD BS demodulation requirements
	Tx
(UE emulator)
	Rx
 (OTA BS)

	Demodulation in static propagation conditions
	DCH
	1Tx
	1Rx, 2Rx

	Demodulation of DCH in multipath fading conditions
	
	
	1Rx, 2Rx

	Demodulation of DCH in moving propagation conditions
	
	
	1Rx, 2Rx

	Demodulation of DCH in birth/death propagation conditions
	
	
	1Rx, 2Rx

	Demodulation of DCH in high speed train conditions
	
	
	1Rx, 2Rx

	Performance requirement for RACH preamble detection	
	RACH
	
	1Rx, 2Rx

	Demodulation of RACH message
	
	
	1Rx, 2Rx

	ACK false alarm
	HS-DPCCH
	
	2Rx

	ACK mis-detection
	
	
	2Rx

	ACK/NACK detection for 4C-HSDPA HS-DPCCH (ACK false alarm, ACK mis-detection)
	
	
	2Rx

	ACK/NACK detection for 8C-HSDPA HS-DPCCH
	
	
	2Rx

	E-DPDCH in multipath fading condition
	E-DPDCH
	
	1Rx, 2Rx

	E-DPDCH and S-E-DPDCH in multipath fading condition for UL MIMO
	
	
	2Rx

	Signalling detection for E-DPCCH in multipath fading condition
	
	
	1Rx, 2Rx



Table 15.2-2: E-UTRA BS demodulation requirements feasible OTA
	 E-UTRA BS demodulation requirements
	Tx
(UE emulator)
	Rx
 (OTA BS)

	PUSCH in multipath fading propagation conditions transmission 
	PUSCH
	1Tx
	2Rx

	UL timing adjustment
	
	
	2Rx

	HARQ-ACK multiplexed on PUSCH
	
	
	2Rx

	High Speed Train conditions
	
	
	1Rx, 2Rx

	PUSCH with TTI bundling and enhanced HARQ pattern
	
	
	2Rx

	Enhanced performance requirement type A in multipath fading propagation conditions, synchronous interference
	
	
	2Rx

	Enhanced performance requirement type A in multipath fading propagation conditions, asynchronous interference
	
	
	2Rx

	Enhanced performance requirement type B in multipath fading propagation conditions
	
	
	2Rx

	Requirements for PUSCH supporting coverage enhancement
	
	
	2Rx

	Requirements for PUSCH supporting Cat-M1 UEs
	
	
	2Rx

	ACK missed detection for single user PUCCH format 1a transmission
	PUCCH
	
	2Rx

	CQI performance requirements for PUCCH format 2 transmission 
	
	
	2Rx

	
	
	
	

	ACK missed detection for multi user PUCCH format 1a
	
	
	2Rx

	ACK missed detection for PUCCH format 1b with Channel Selection
	
	
	2Rx

	ACK missed detection for PUCCH format 3
	
	
	2Rx

	NACK to ACK detection for PUCCH format 3
	
	
	2Rx

	CQI performance requirements for PUCCH format 2 with DTX detection
	
	
	2Rx

	
	
	
	

	PUCCH performance requirements for supporting Cat-M1 UEs
	
	
	2Rx

	ACK missed detection requirements for PUCCH format 4
	
	
	2Rx

	ACK missed detection requirements for PUCCH format 5
	
	
	2Rx

	PRACH missed detection, normal mode
	PRACH
	
	2Rx

	PRACH missed detection, high speed mode restricted set type A
	
	
	2Rx

	PRACH missed detection, Cat-M1 mode
	
	
	2Rx

	PRACH missed detection, high speed mode restricted set type B
	
	
	2Rx



It is noted, that the possibility of OTA testing is considered also for those BS demodulation requirements, which were declared as optional.
The OTA related parts of the conformance testing test procedures for the demodulation requirements are based upon the OTA RX dynamic range requirement procedure, as described in subclause 10.4. The setup and operation of the signal generator and measurement instruments are the same as for the corresponding conducted requirements.


The demodulation requirements are in essence very similar to the RX dynamic range requirement; in both cases a wanted signal and AWGN is transmitted from the test equipment and should be reassured to be received at the absolute level well above the noise floor. The test equipment setup for demodulation requirements may include multiple wanted and interference signals and a fading channel emulators, as described in subclause 15.3.
[bookmark: _Toc21086219][bookmark: _Toc29768655][bookmark: _Toc32332630]15.3	OTA test setup for BS demodulation requirements
As the BS demodulation requirements rely on the link level performance between the UE and BS, in case of the requirements definition for the BS, it is required to establish radio link in uplink based on the test equipment (i.e. BS Tester test and reference antenna(s)) located within the RoAoA corresponding to the frequency band used for the BS demodulation testing.
For PUSCH testing purposes in OTA setup, the HARQ feedback can be delivered to the BS Tester via conducted interface.
Figure 15.3-1 shows BS measurement test setup for multipath fading propagation conditions, which is equivalent to the conducted 1TX – 1RX test setup.
The OTA BS is comprised in an anechoic chamber and is configured to receive with single RX configuration. Test signal source is connected to the single TX test antenna. The radio propagation channel is emulated by connecting a fading channel emulator between the test signal generator and the TX antenna.
NOTE: 	OTA demodulation requirements can be tested in IAC, as well as in CATR, as outlined in subclause 15.4 and 15.5. All the examples of the OTA test setups for the BS demodulation requirements are based on the IAC test setup.
AWGN noise floor levels required in the conformance test setup are to be derived from conducted BS demodulation test setup procedures. Wanted signal generators are configured so that the SNR levels defined by the demodulation requirements are achievable at the BS. For SNR derivation, the noise injection at the BS tester side is considered as the baseline approach.

[image: ]
Figure 15.3-1: OTA test setup for multipath fading propagation conditions (equivalent to conducted 1TX – 1RX)
Figure 15.3-2 shows BS measurement test setup for multipath fading propagation conditions, which is equivalent to the conducted 1TX – 2RX test setup. The BS is comprised in an anechoic chamber and is configured to receive with 2RX diversity in a cross-polarised configuration. Test signal source is connected to the 2TX tests antenna in cross-polarised configuration. The two orthogonal radio propagation channels are emulated by passing the same test signal trough one fading channel emulator for each of TX antennas.
[image: ]
Figure 15.3-2: OTA test setup for multipath fading propagation conditions (equivalent to conducted 1TX – 2RX setup)
[image: ]
Figure 15.3-3: OTA test setup for static propagation conditions (equivalent to conducted 1TX – 1RX setup)
[image: ]
Figure 15.3-4: OTA test setup for static propagation conditions (equivalent to conducted 1TX – 2RX setup)

[bookmark: _Toc21086750][bookmark: _Toc29769210][bookmark: _Toc32332631]15.4	Indoor Anechoic Chamber
[bookmark: _Toc32332632]15.4.1	Measurement system description

[bookmark: _Toc21086751][bookmark: _Toc29769211]
The general IAC test setup for demodulation requirements is the same as that for OTA dynamic range, i.e. the same as described in subclause 7.2.1. For more detailed test setup with the consideration of the channel simulators, AWGN noise generators as well as the polarization separation for 2RX setup, refer to the figures in subclause 15.3. 
[bookmark: _Toc32332633]15.4.2 	Test procedure
[bookmark: _Toc32332634]15.4.2.1	Stage 1: Calibration

[bookmark: _Toc21086752][bookmark: _Toc29769212]
The calibration procedure for demodulation requirements is the same as that for OTA dynamic range, i.e. the same as described in subclause 7.2.1 and depicted in figure 7.2.1-3. Calibration of the wanted signal and AWGN levels shall be performed.
[bookmark: _Toc32332635]15.4.2.2	Stage 2: BS measurement
The measurement procedure is the same as those for the OTA sensitivity requirement in subclause 10.2.2.2.2, except that step 5 is modified to measure applicable performance metric for the BS demodulation requirements (i.e. BER, or throughput, depending on the RAT and requirement).

[bookmark: _Toc21086753][bookmark: _Toc29769213]

The transmit signal power level may be set in the same manner as for OTA dynamic range; i.e. by considering the AWGN absolute levels referenced from appropriate conducted RAT-specific testing specifications, together with an adjustment ΔOTAREFSENS to take into account BS antenna gain (path loss is taken account of by the calibration procedure). Examples of the AWGN power levels for the E-UTRA PUSCH requirements are listed in table 15.4.2.2-1 (AWGN levels for other requirements can be found in the conducted single RAT specifications).
Table 15.4.2.2-1: examples of the AWGN power level at the BS input for E-UTRA demodulation requirements
	Channel bandwidth (MHz)
	AWGN power level

	1.4
	-92.7 - ΔOTAREFSENS dBm / 1.08MHz

	3
	-88.7 - ΔOTAREFSENS dBm / 2.7MHz

	5
	-86.5 - ΔOTAREFSENS dBm / 4.5MHz

	10
	-83.5  - ΔOTAREFSENS dBm / 9MHz

	15
	-81.7 - ΔOTAREFSENS dBm / 13.5MHz

	20
	-80.4 - ΔOTAREFSENS dBm / 18MHz



[bookmark: _Toc32332636][bookmark: _Toc21086754][bookmark: _Toc29769214]15.4.3	MU value derivation, FR1
The BS demodulation requirements consist of a wanted signal and AWGN (potentially with fading modelling and additional interfering signals). In the conducted test setup, the received AWGN level is well above the noise floor, and so the SNR experienced at the BS receiver is dependent on the transmitter SNR/SINR (in case of E-UTRA) or Eb/N0 (in case of UTRA). 
Small variations in the received power level due to additional uncertainties in the OTA measurement chamber will not impact the receiver SNR, and hence uncertainties due to OTA will not impact the demodulation requirement MU. The MU can be considered to depend on the TX SNR/SINR (in case of E-UTRA) or on the TX b/N0 (in case of UTRA) and, where applicable the fading channel generation uncertainty, in the same manner as for the conducted requirements.
Thus, the MU for OTA demodulation requirements is the same as the MU for conducted demodulation requirements, as derived in RAT-specific conducted testing specifications: 
· TS 25.141 [2] for UTRA FDD
· TS 36.141 [3] for E-UTRA
· TS 38.141-1 [5] for NR
The resulting test requirements for OTA BS can be reused from the above conducted test specifications, as long as the SNR/SINR (in case of E-UTRA and NR) or the TX b/N0 (in case of UTRA) at the BS receiver is not impacted by the noise floor due to the OTA test chamber path loss.
[bookmark: _Toc21086755][bookmark: _Toc29769215][bookmark: _Toc32332637]15.5	CATR
[bookmark: _Toc32332638][bookmark: _Toc21086756][bookmark: _Toc29769216]15.5.1	Measurement system description 
The general CATR test setup for demodulation requirements is the same as that for OTA dynamic range, i.e. the same as described in subclause 7.3.1 and the measurement system setup for OTA dynamic range depicted on figure 7.3.1-3. For more detailed test setup with the consideration of the channel simulators, AWGN noise generators as well as the polarization separation for 2RX setup, refer to the figures in subclause 15.3.
[bookmark: _Toc32332639]15.5.2 	Test procedure
[bookmark: _Toc32332640]15.5.2.1	Stage 1: Calibration

[bookmark: _Toc21086757][bookmark: _Toc29769217]
The calibration procedure for demodulation requirements is the same as that for OTA dynamic range, as described in subclause 8.3 and depicted on figure 7.3.1-3. Calibration of the wanted signal and AWGN levels shall be performed. 
[bookmark: _Toc32332641][bookmark: _Toc21086758][bookmark: _Toc29769218]15.5.2.2	Stage 2: BS measurement 

The measurement procedure is the same as those for the OTA dynamic range requirement in subclause 10.4.3.2.2, except that step 4 is modified to measure applicable performance metric for the BS demodulation requirements (i.e. BER, or throughput, depending on the RAT and requirement).
The transmit signal power level may be set in the same manner as described in subclause 15.4.2.2 (i.e. BS demodulation requirements in IAC).
[bookmark: _Toc32332642][bookmark: _Toc21086759][bookmark: _Toc29769219]15.5.3	MU value derivation, FR1
The MU for OTA demodulation requirements is the same as for conducted demodulation requirements for the same reasons as applicable for the indoor anechoic chamber, described in subclause 15.4.3.
[bookmark: _Toc32332643]15.6	Maximum accepted test system uncertainty
Measurement Uncertainties for the OTA requirements are the same as for the conducted requirements.
[bookmark: _Toc32332644]15.7	Test Tolerance for OTA demodulation requirements
Test Tolerance values for the OTA requirements are the same as for the conducted requirements.

----------------------------- End of modified section ------------------------------
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