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7
Performance requirements

7.1
General

The objective of the performance part of the eAAS WID [2] for the AAS BS demodulation requirements is to clarify, which of the conducted BS demodulation requirements could be applied as radiated requirements for the OTA AAS BS and what methods could be used to perform conformance testing for such requirements. For OTA AAS, no new demodulation requirements are expected to be added beyond the set of AAS BS conducted demodulation requirements referred from single RAT UTRA FDD and E-UTRA specifications in TS 25.104 [19] and TS 36.104 [8] respectively.
NOTE: UTRA TDD BS demodulation requirements are out of scope of the work for OTA AAS BS.  
7.2 
Core requirements for OTA tests

In Rel-15 TS 37.105 [3], the AAS BS demodulation requirements for both hybrid AAS BS and OTA AAS BS have been specified, reusing the single RAT specifications:

1.
For single RAT UTRA FDD, demodulation requirements specified in TS 25.104 [19] for DCH and RACH apply.
2.
For single RAT E-UTRA, demodulation requirements specified in TS 36.104 [8] for PUSCH, PUCCH and PRACH apply, except the PUSCH requirements for FS3, and except NPUSCH and NPRACH requirements.
Core requirements listed in the following subsections are subject for the discussion on which of the demodulation requirements could be applied as radiated requirements for the OTA AAS BS.

7.3
UTRA FDD requirements

In TS 25.104 [19], the following conducted BS demodulation requirements were defined:

Table 7.3-1: Overview of the conducted UTRA FDD demodulation requirements

	 
	Tx
(UE emulator)
	Rx
 (AAS BS)
	Propagation conditions

	
	
	
	

	DCH 
	 

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

	Demodulation of DCH in multipath fading conditions
	1Tx
	1Rx, 2Rx
	multipath fading (multiple cases defined)

	Demodulation of DCH in moving propagation conditions
	1Tx
	1Rx, 2Rx
	non-fading channel models with two equal power taps with pre-defined time difference between them

	Demodulation of DCH in birth/death propagation conditions
	1Tx
	1Rx, 2Rx
	non-fading propagation channel with two taps; which alternate between 'birth' and 'death'. The positions the paths appear are randomly selected with an equal probability rate. For BS with receiver diversity, the same path positions are applied to both Rx antenna connectors, and the path switching times are synchronized on the two receiver antenna connectors, but the AWGN signals applied to the two receiver antenna connectors are uncorrelated.

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

#1: open space: non-fading propagation channels

#2: tunnel: fading propagation channel with one tap

#3: tunnel: non-fading propagation channels

	RACH
	

	Performance requirement for RACH preamble detection

	1Tx
	1Rx, 2Rx
	AWGN, multipath fading, HST conditions

	Demodulation of RACH message
	1Tx
	1Rx, 2Rx
	AWGN, multipath fading, HST conditions

	HS-DPCCH
	

	ACK false alarm
	1Tx
	2Rx
	AWGN, multipath fading (multiple cases defined)

	ACK mis-detection
	1Tx
	2Rx
	AWGN, multipath fading (multiple cases defined)

	ACK/NACK detection for 4C-HSDPA HS-DPCCH (ACK false alarm, ACK mis-detection)
	1Tx
	2Rx
	AWGN, multipath fading

	ACK/NACK detection for 8C-HSDPA HS-DPCCH
	1Tx
	2Rx
	AWGN, multipath fading

	E-DPDCH
	

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

	E-DPDCH and S-E-DPDCH in multipath fading condition for UL MIMO
	1Tx
	2Rx
	multipath fading

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


7.4
E-UTRA requirements

In TS 36.104 [8], the following conducted BS demodulation requirements were defined as listed in table 7.4-1.

NOTE: PUSCH requirements for FS3, NPUSCH and NPRACH requirements are not considered for OTA AAS BS.
Table 7.4-1: Overview of the conducted E-UTRA BS demodulation requirements

	 
	Tx
(UE emulator)
	Rx
 (OTA AAS BS)
	Propagation conditions
	Notes

	PUSCH 
	 
	

	PUSCH in multipath fading propagation conditions transmission 
	1Tx
	2Rx, 4Rx, 8Rx
	EPA, EVA, ETU
	

	
	2Tx
	2Rx, 4Rx, 8Rx
	EPA  
	

	UL timing adjustment
	1Tx
	2Rx
	Moving propagation conditions: AWGN, ETU
	1 stationary UE, 1 moving UE

	HARQ-ACK multiplexed on PUSCH
	1Tx
	2Rx
	EVA, ETU
	

	High Speed Train conditions
	1Tx
	1Rx, 2Rx
	HST scenario#1: two non-fading propagation channels
	

	PUSCH with TTI bundling and enhanced HARQ pattern
	1Tx
	2Rx, 4Rx, 8Rx
	EVA, ETU
	

	Enhanced performance requirement type A in multipath fading propagation conditions, synchronous interference
	1Tx
	2Rx, 4Rx, 8Rx
	EPA, EVA, ETU
	1 wanted UE, 1 interferer (2 Rx case) or 2 interfering UEs (4Rx or 8Rx case)

	Enhanced performance requirement type A in multipath fading propagation conditions, asynchronous interference
	1Tx
	2Rx, 4Rx, 8Rx
	EPA, ETU
	1 wanted UE, 2 interfering UEs

	Enhanced performance requirement type B in multipath fading propagation conditions
	1Tx
	2Rx, 4Rx
	EPA, EVA, ETU
	2 wanted UEs (2Rx case) or 4 wanted UEs (4Rx case); 1 interfering UE

	Requirements for PUSCH supporting coverage enhancement
	1Tx
	2Rx
	EPA, ETU
	

	Requirements for PUSCH supporting Cat-M1 UEs
	1Tx
	2Rx
	EPA, ETU
	

	PUCCH
	 
	

	ACK missed detection for single user PUCCH format 1a transmission
	1Tx
	2Rx, 4Rx, 8Rx
	EPA, EVA, ETU
	

	
	2Tx
	2Rx, 4Rx, 8Rx
	EPA, EVA
	

	CQI performance requirements for PUCCH format 2 transmission 
	1Tx
	2Rx
	EVA, ETU
	

	
	2Tx
	2Rx
	EVA  
	

	ACK missed detection for multi user PUCCH format 1a
	1Tx
	2Rx
	ETU
	1 wanted UE, 3 interfering UEs

	ACK missed detection for PUCCH format 1b with Channel Selection
	1Tx
	2Rx, 4Rx, 8Rx
	EPA, EVA
	

	ACK missed detection for PUCCH format 3
	1Tx
	2Rx, 4Rx, 8Rx
	EPA, EVA
	

	NACK to ACK detection for PUCCH format 3
	1Tx
	2Rx, 4Rx, 8Rx
	EPA, EVA
	

	CQI performance requirements for PUCCH format 2 with DTX detection
	1Tx
	2Rx
	EVA, ETU
	

	
	2Tx
	2Rx
	EVA
	

	PUCCH performance requirements for supporting Cat-M1 UEs
	1Tx
	2Rx
	EPA, EVA
	

	ACK missed detection requirements for PUCCH format 4
	1Tx
	2Rx, 4Rx, 8Rx
	EPA, EVA
	

	ACK missed detection requirements for PUCCH format 5
	1Tx
	2Rx, 4Rx, 8Rx
	EPA, EVA
	

	PRACH
	 
	

	PRACH missed detection, normal mode
	1Tx
	2Rx, 4Rx, 8Rx
	AWGN, ETU
	

	PRACH missed detection, high speed mode restricted set type A
	1Tx
	2Rx, 4Rx, 8Rx
	AWGN, ETU
	

	PRACH missed detection, Cat-M1 mode
	1Tx
	2Rx
	AWGN, EPA
	

	PRACH missed detection, high speed mode restricted set type B
	1Tx
	2Rx, 4Rx, 8Rx
	AWGN, ETU
	


For most of the requirements, multiple test cases were defined considering various number or Rx antennas at the BS.

7.5
Propagation conditions

The following propagation conditions were used in the BS demodulation requirements in TS 25.141 [21] and TS 36.141 [22]:

-
Static propagation conditions: static propagation consitions rely on AWGN channel with no fading or multi-paths. In case of the OTA test setup no channel emulators are required, and the test setup relies on test signal source and AWGN noise generator

-
Multipath fading propagation conditions: number of multipath channels were defined. In order to translate the fading profiles into OTA test setup, consideration of channel emulators is required on the transmitter side. Use of multiple instances of channel emulators over the same radio channel to model the conducted test setup is not precluded.

-
High Speed Train: three different scenarios were considered for the HST scenarios, using fading and non-fading profiles.

-
Moving propagation conditions: two UEs are modeled in this scenario, one being static, the other moving.

7.6
Conformance requirements

The OTA related parts of the conformance testing test procedures for the demodulation requirements are based upon the RX dynamic range requirement OTA procedure, as described in subclause 10.3.4. The setup and operation of the signal generator and measurement instruments are the same as for the corresponding conducted requirements.

Measurement Uncertainties for the OTA requirements are the same as for the conducted requirements, as described in subclause 10.11.
It is noted, that the possibility of OTA testing is considered also for those BS demodulation requirements, which were declared as Optional in TS 25.141 [21] and TS 36.141 [22].

7.7
OTA test setup
As the BS demodulation requirements rely on the link level performance between the UE and BS, in case of the requirements definition for the OTA AAS 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 7.7-1 shows OTA AAS BS measurement test setup for multipath fading propagation conditions, which is equivalent to the conducted 1TX – 1RX test setup.

The OTA AAS 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.

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 DUT. For SNR derivation, the noise injection at the BS tester side is considered as the baseline approach.

[image: image1.emf]BS under test

Rx A

Far field region

BS tester

AWGN generator

HARQ feedback (only for PUSCH)

Tx A, polarization 1

Channel 

simulator


Figure 7.7-1: Basic OTA test setup for multipath fading propagation conditions (equivalent to conducted 1TX – 1RX)

Figure 7.7-2 shows OTA AAS BS measurement test setup for multipath fading propagation conditions, which is equivalent to the conducted 1TX – 2RX test setup. The AAS 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.
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Figure 7.7-2: Basic OTA test setup for multipath fading propagation conditions (equivalent to conducted 1TX – 2RX setup)
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Figure 7.7-3: Basic OTA test setup for static propagation conditions (equivalent to conducted 1TX – 1RX setup)
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Figure 7.7-4: Basic OTA test setup for static propagation conditions (equivalent to conducted 1TX – 2RX setup)

7.8
BS demodulation requirements feasible OTA

As per the eAAS WID [2], the objective of the work item is to clarify which type of conducted BS demodulation requirements can be applied as radiated requirements and how it might be tested.

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 (AAS BS side), based on UTRA FDD and E-UTRA conducted test cases overview in tables 7.3-1 and 7.4-1, 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 from tables 7.3-1 and 7.4-1 in 1TX-1RX, or 1TX-2RX subset, can be implemented in OTA test setups as illustrated in figures 7.7-1 and 7.7-2 for the multipath fading propagation conditions, and in figures 7.7-3 and 7.7-4 for the static propagation conditions.

Based on the analysis of the conducted BS demodulation requirements for UTRA FDD and E-UTRA, the following single RAT requirements were considered as feasible in OTA test setup, by reusing the core requirements defined in TS 25.104 [19] and TS 36.104 [8]:

Table 7.8-1: UTRA FDD BS demodulation requirements feasible OTA
	UTRA FDD BS demodulation requirements
	Tx
(UE emulator)
	Rx
 (OTA AAS 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 7.8-2: E-UTRA BS demodulation requirements feasible OTA

	 E-UTRA BS demodulation requirements
	Tx
(UE emulator)
	Rx
 (OTA AAS 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 it is not within the scope of eAAS WI to extend the scope of functionality captured by the conducted BS demodulation requirements.

---------- Next changed section ---------------------
10.11 
Measurement uncertainty for demodulation performance requirements
10.11.1
General
This subclause describes the OTA aspects of the test procedure for assessing demodulation requirements, considering UTRA FDD and E-UTRA demodulation requirements which were found feasible OTA, as captured in subclause 7.8. The OTA part of the test procedure is the same for each requirement.
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 7.7.
10.11.2
In-door anechoic chamber

10.11.2.1
General
The indoor anechoic chamber setup for demodulation requirements is the same as that for RX dynamic range, as described in subclause 10.3.4.2.1.
10.11.2.2
Calibration

The calibration procedure for demodulation requirements is the same as that for RX dynamic range, as described in subclause 10.3.4.2.2.
10.11.2.3 
Procedure

The OTA part of the procedure for demodulation requirements is based on that for RX dynamic range, as described in subclause 10.3.4.2.3. The test equipment setup is described in subclause 7.7.

The transmit signal power level may be set in the same manner as for RX dynamic range; i.e. by considering the AWGN absolute levels quoted in TS 36.141 [] together with an adjustment ΔOTAREFSENS to take into account BS antenna gain (pathloss is taken account of by the calibration procedure). An example AWGN power levels for the E-UTRA PUSCH requiremetns are listed in table 10.11.2.3-1 (AWGN levels for other requirements can be found in the conducted single RAT specifications).
Table 10.11.2.3-1: 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


10.11.2.4 
MU assessment 
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 TS 25.141 [] for UTRA FDD, and in TS 36.141 [] for E-UTRA. The resulting test requirements for OTA AAS BS can be reused from conducted test specifications TS 25.141 [] and TS 36.141 [], as long as the SNR/SINR (in case of E-UTRA) 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 pathloss.
10.11.3
CATR

10.11.3.1
General
The CATR setup for demodulation requirements is the same as that for RX dynamic range, as described in subclause 10.3.4.3.1.
10.11.3.2 
Calibration

The calibration procedure for demodulation requirements is the same as that for RX dynamic range, as described in subclause 10.3.4.3.2.
10.11.3.3 
Procedure

The OTA part of the procedure for demodulation requirements is based on that for RX dynamic range, as described in subclause 10.3.4.3.3. The test equipment setup is described in subclause 7.7.

The transmit signal power level may be set in the same manner as described in section 10.11.2.3).
10.11.3.4 
MU assessment 

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 10.11.2.4.
