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Introduction
In RAN5 94e, Work Plan for Transparent Tx Diversity (TxD) for NR was discussed. Different opinions appeared on whether the TxD WP shanll consider Reference sensitivity test cases. Moreover the current TxD Work Plan in [1] R5-221071 has treated Tx and Rx test cases differently. This paper is for the discussion on why Reference sensitivity test cases shall be included in the TxD WP, and how to treat Tx and Rx test cases with same principles in the WP.
Discussion
In the current RAN4 spec (TS 38.101-1 Rel 17), Tx requirements for TxD are defined in sections with suffix G, while there is no section with suffix G for Rx requirements.
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Observation 1: RAN4 defines Tx requirements for TxD in sections with suffix G. There is no section with suffix G for Rx requirements.

PUMAX for TxD UEs is defined in clause 6.2G.4 as below:

[bookmark: _Toc83580495][bookmark: _Toc84405004][bookmark: _Toc84413613]6.2G.4	Configured transmitted power for Tx Diversity
For UE supporting Tx diversity, the transmitted power is configured per each UE.
The definitions of configured maximum output power PCMAX,c, the lower bound PCMAX_L,c, and the higher bound PCMAX_H,c specified in clause 6.2.4 shall apply to UE supporting Tx diverstidy, where
-	PPowerClass, ΔPPowerClass and ∆TC,c are specified in clause 6.2.4 unless otherwise stated;
-	MPRc is specified in clause 6.2G.2;
The measured configured maximum output power PUMAX,c for serving cell c shall be within the following bounds:
PCMAX_L,c  –  MAX{TL, T LOW(PCMAX_L,c)}  ≤  PUMAX,c  ≤  PCMAX_H,c  +  T HIGH(PCMAX_H,c)
where TLOW(PCMAX_L,c) and THIGH(PCMAX_H,c) are defined as the tolerance and applies to PCMAX_L,c and PCMAX_H,c separately, while TL is the absolute value of the lower tolerance in Table 6.2.1-1 for the applicable operating band.
For UE supporting Tx diversity, the tolerance is specified in Table 6.2G.4-1.
Table 6.2G.4-1: PCMAX,c tolerance for Tx Diverstiy
	PCMAX,c
(dBm)
	Tolerance
TLOW(PCMAX_L,c) (dB)
	Tolerance
THIGH(PCMAX_H,c) (dB)

	PCMAX,c = 26
	3.0
	2.0

	23 ≤ PCMAX,c < 26
	3.0
	2.0

	22 ≤ PCMAX,c < 23
	5.0
	2.0

	21 ≤ PCMAX,c < 22
	5.0
	3.0

	20 ≤ PCMAX,c < 21
	6.0
	4.0

	16 ≤ PCMAX,c < 20
	5.0

	11 ≤ PCMAX,c < 16
	6.0

	-40 ≤ PCMAX,c < 11
	7.0



Observation 2: PUMAX for TxD UEs is defined in clause 6.2G.4 not in clause 6.2.4.
Rx requirements need to ensure UE transmitter power fulfil certain power level as per the below highlighted NOTE in Table 7.3.2-1a, Table 7.3.2-1b and Table 7.4-1 of 38.101-1 v17.4.0. Other Rx requirements also have similar NOTE except 7.9 Spurious emissions. It seems that RAN4 forgot to consider TxD in Rx requirements as PUMAX for TxD UEs is defined in clause 6.2G.4 not in clause 6.2.4.
Table 7.3.2-1a: Two antenna port reference sensitivity QPSK PREFSENS for FDD bands
	[bookmark: _Hlk78840273]NOTE 1:	Four Rx antenna ports shall be the baseline for this operating band except for two Rx vehicular UE.
NOTE 2:	The transmitter shall be set to PUMAX as defined in clause 6.2.4
NOTE 3:	The requirement is modified by -0.5 dB when the assigned NR channel bandwidth is confined within     1475.9 - 1510.9 MHz.
NOTE 4:	Void
NOTE 5:	Void
NOTE 6:	Values are modified by -0.5dB when carrier channel BW is between 865MHz and 894MHz.
NOTE 7:	Void.



Table 7.3.2-1b: Two antenna port reference sensitivity QPSK PREFSENS for TDD, SDL and FDD with variable duplex operation bands
	[bookmark: _Hlk78840377]NOTE 1:	Four Rx antenna ports shall be the baseline for this operating band except for two Rx vehicular UE.
NOTE 2:	The transmitter shall be set to PUMAX as defined in clause 6.2.4.
NOTE 3:	Void
NOTE 4:	The requirement is modified by -0.5 dB when the assigned UE channel bandwidth is confined within 3300 - 3800 MHz.
NOTE 5:	For these bandwidths, the minimum requirements are restricted to operation when carrier is configured as a downlink carrier part of CA configuration.
NOTE 6:	Void
NOTE 7:	For SDL bands, the reference sensitivity requirements shall be verified by inter-band CA combinations with SDL band, which are supported by UE.
NOTE 8:	The REFSENS value is rounded to the nearest number down to one decimal point. “NRB” in REFSENS formula is the maximum transmission bandwidth configuration as defined in Table 5.3.2-1.



Table 7.4-1: Maximum input level
	NOTE 1:	The transmitter shall be set to 4 dB below PCMAX_L,f,c at the minimum uplink configuration specified in Table 7.3.2-3 with PCMAX_L,f,c as defined in clause 6.2.4.
NOTE 2:	Reference measurement channel is A.3.2.3 or A.3.3.3 for 64 QAM.
NOTE 3:	Reference measurement channel is A.3.2.4 or A.3.3.4 for 256 QAM.
NOTE 4:	Power in transmission bandwidth configuration value is rounded to the nearest 0.5dB value.
NOTE 5:	 Reference measurement channel is A.3.2.x for 1024 QAM.



Observation 3: RAN4 has not considered TxD for PUMAX in the NOTE of Rx requirements yet.
Observation 4: As per the above green highlighted part, UL power shall be measured and compared against the limits before measuring the throughput in all Rx test cases except 7.9 Spurious emissions.

RAN5 current TxD Work Plan in [1] R5-221071 has considered Rx test cases as below:
	39
	7.4
	Maximum input level
	Changes are general for PC2 and PC1.5.
Updating test procedure to set UE transmitter power for Tx diversity

	40
	7.4A.1
	Maximum input level for CA (2DL CA)
	Changes are general for PC2 and PC1.5.
Updating test procedure to set UE transmitter power for Tx diversity

	41
	7.5
	Adjacent channel selectivity
	Changes are general for PC2 and PC1.5.
Updating test procedure to set UE transmitter power for Tx diversity

	42
	7.5A.1
	Adjacent channel selectivity for CA (2DL CA)
	Changes are general for PC2 and PC1.5.
Updating test procedure to set UE transmitter power for Tx diversity

	43
	7.6.2
	In-band blocking
	Changes are general for PC2 and PC1.5.
Updating test procedure to set UE transmitter power for Tx diversity

	44
	7.6A.2.1
	In-band blocking for CA (2DL CA)
	Changes are general for PC2 and PC1.5.
Updating test procedure to set UE transmitter power for Tx diversity

	45
	7.6.3
	Out-of-band blocking
	Changes are general for PC2 and PC1.5.
Updating test procedure to set UE transmitter power for Tx diversity

	46
	7.6A.3.1
	Out-of-band blocking for CA (2DL CA)
	Changes are general for PC2 and PC1.5.
Updating test procedure to set UE transmitter power for Tx diversity

	47
	7.6.4
	Narrow band blocking
	Changes are general for PC2 and PC1.5.
Updating test procedure to set UE transmitter power for Tx diversity

	48
	7.6A.4.1
	Narrow band blocking for CA (2DL CA)
	Changes are general for PC2 and PC1.5.
Updating test procedure to set UE transmitter power for Tx diversity

	49
	7.7
	Spurious response
	Changes are general for PC2 and PC1.5.
Updating test procedure to set UE transmitter power for Tx diversity

	50
	7.7A.1
	Spurious response for CA (2DL CA)
	Changes are general for PC2 and PC1.5.
Updating test procedure to set UE transmitter power for Tx diversity

	51
	7.8.2
	Wide band Intermodulation
	Changes are general for PC2 and PC1.5.
Updating test procedure to set UE transmitter power for Tx diversity

	52
	7.8A.2.1
	Wide band Intermodulation for CA (2DL CA)
	Changes are general for PC2 and PC1.5.
Updating test procedure to set UE transmitter power for Tx diversity



Observation 5: RAN5 current TxD Work Plan in [1] R5-221071 has included all nessesary Rx test cases except Reference sensitivity.
RAN5 current TxD Work Plan in [1] R5-221071 did not consider Reference sensitivity as some delegates think trusting the MOP result when doing refsens testing has been used a long time in RAN5. But this assumsion is not true as the UL power is measured and compared against the limits before measuring the throughput by at least two TE Vendors in TC implementation of REFSENS.
If UL power is not measured, NOTE 2 in the test requirement can not be guaranteed. Then test equipment cannot exlude that UE may pass REFSENS with low trasmmiter power.
Test procedure of REFSENS in 38.521-1 also requires TE to ensure the UE transmits PUMAX level as below:
[bookmark: _Toc27478347][bookmark: _Toc36227061]7.3.2.4.2	Test procedure
1.	SS transmits PDSCH via PDCCH DCI format 1_1 for C_RNTI to transmit the DL RMC according to Table 7.3.2.4.1-1. The SS sends downlink MAC padding bits on the DL RMC.
2.	SS sends uplink scheduling information for each UL HARQ process via PDCCH DCI format 0_1 for C_RNTI to schedule the UL RMC according to Tables 7.3.2.4.1-1. Since the UE has no payload data to send, the UE transmits uplink MAC padding bits on the UL RMC.
3.	Set the Downlink signal level to the appropriate REFSENS value defined in Table 7.3.2.5-1 if 2Rx antennas connected or Table 7.3.2.5-2 if 4Rx antennas connected.  Send continuously uplink power control "up" commands in the uplink scheduling information to the UE to ensure the UE transmits PUMAX level for at least the duration of the Throughput measurement.
[bookmark: _Hlk517813326]4.	Measure the average throughput for a duration sufficient to achieve statistical significance according to Annex H.2 

Observation 6: Test procedure of REFSENS in 38.521-1 clearly requires TE to ensure the UE transmits PUMAX level, and the UL power is measured and compared against the limits before measuring the throughput by at least two TE Vendors in TC implementation of REFSENS.

RAN4 has specified degradation for UE that indicates txDiversity-r16 (TS 38.306) in REFSENS as below:
[image: ]
Observation 7: RAN4 has specified degradation for UE that indicates txDiversity-r16 (TS 38.306) in REFSENS.

Proposal 1: RAN5 TxD Work Plan shall include Reference sensitivity test case.

Rx requirements for TxD will be discussed in RAN4, not sure whether the TxD requirements will be added to the current sections or in new sections with suffix G.
Considering TE hardware for UL power measureing in Rx test cases shall be the same as Tx test cases, it is better to define new Rx test cases with suffix G for TxD in section 7 of 38.521-1.
Option 1: RAN5 TxD Work Plan shall be revised to define Rx test cases in new sections with suffix G no matter the TxD requirements will be added to the current sections or in new sections with suffix G in RAN4.
Option 2: RAN5 TxD Work Plan needs to be revisited regarding the structure of Rx test cases based on the outcome of RAN4#103.
Proposal 2: It is proposed to adopt Option 2 to revisit the RAN5 TxD Work Plan regarding the structure of Rx test cases based on the outcome of RAN4#103.

Conclusion
Observation 1: RAN4 defines Tx requirements for TxD in sections with suffix G. There is no section with suffix G for Rx requirements.
Observation 2: PUMAX for TxD UEs is defined in clause 6.2G.4 not in clause 6.2.4.
Observation 3: RAN4 has not considered TxD for PUMAX in the NOTE of Rx requirements yet.
Observation 4: As per the above green highlighted part, UL power shall be measured and compared against the limits before measuring the throughput in all Rx test cases except 7.9 Spurious emissions.
Observation 5: RAN5 current TxD Work Plan in [1] R5-221071 has included all nessesary Rx test cases except Reference sensitivity.
Observation 6: Test procedure of REFSENS in 38.521-1 clearly requires TE to ensure the UE transmits PUMAX level, and the UL power is measured and compared against the limits before measuring the throughput by at least two TE Vendors in TC implementation of REFSENS.
Observation 7: RAN4 has specified degradation for UE that indicates txDiversity-r16 (TS 38.306) in REFSENS.
Proposal 1: RAN5 TxD Work Plan shall include Reference sensitivity test case.
Option 1: RAN5 TxD Work Plan shall be revised to define Rx test cases in new sections with suffix G no matter the TxD requirements will be added to the current sections or in new sections with suffix G in RAN4.
Option 2: RAN5 TxD Work Plan needs to be revisited regarding the structure of Rx test cases based on the outcome of RAN4#103.
Proposal 2: It is proposed to adopt Option 2 to revisit the RAN5 TxD Work Plan regarding the structure of Rx test cases based on the outcome of RAN4#103.
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