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1.	Introduction
At previous RAN5#83 meeting we provided a contribution in [1] on introduction of SRS time mask for UL-MIMO. Furthermore, we included an editor’s note stating that the measurement uncertainty and test tolerance are FFS. With that being said, this contribution focus is on TS 38.101-2, clauses 6.3.3.6 and 6.3D.3 in [2] for SRS time mask for UL-MIMO requirements. The requirements are as such:
In the case a single SRS transmission, the ON power is defined as the mean power over the symbol duration excluding any transient period. As defined in TS 38.101-2 [2], clause 6.3.3.6, Figure 6.3.3.6-1.
In the case multiple consecutive SRS transmission, the ON power is defined as the mean power for each symbol duration excluding any transient period. As defined in TS 38.101-2 [2], clause 6.3.3.6, Figure 6.3.3.6-2.
When power change between consecutive SRS transmission is required, then Figure 6.3.3.6-3 and Figure 6.3.3.6-4 in TS 38.101-2 [2], clause 6.3.3.6 apply.
For UE supporting UL-MIMO, the ON/OFF time mask requirements in subclause 6.3.3 apply. The requirements shall be met with the UL-MIMO configurations specified in Table 6.2D.1.3-3.












In this contribution, we provide our understanding of SRS time mask for UL-MIMO requirements, measurement uncertainty values and test tolerance values. 
2.	SRS Core Requirements
We provide some of the physical channels and modulation requirements as described in [3]. A UE can be configured with up to four bandwidth parts in the uplink with a single uplink bandwidth part being active at a given time. For an active cell, the UE shall not transmit SRS outside an active bandwidth part.
An uplink physical signal is used by the physical layer but does not carry information originating from higher layers. The following uplink physical signs are defined:
· Demodulation reference signals, DM-RS,
· Phase-tracking reference signals, PT-RS,
· Sounding reference signal, SRS
An SRS resource is configured by the SRS-Resource IE and consists of

-	 antenna ports , where the number of antenna ports is given by the higher layer parameter nrofSRS-Ports,  when the SRS resource is in a SRS resource set with higher-layer parameter usage in SRS-ResourceSet not set to 'nonCodebook', or determined according to [6, TS 38.214] when the SRS resource is in a SRS resource set with higher-layer parameter usage in SRS-ResourceSet set to 'nonCodebook'

-	 consecutive OFDM symbols given by the field nrofSymbols contained in the higher layer parameter resourceMapping



-	, the starting position in the time domain given by  where the offset counts symbols backwards from the end of the slot and is given by the field startPosition contained in the higher layer parameter resourceMapping and 

-	, the frequency-domain starting position of the sounding reference signal


For an SRS resource configured as periodic or semi-persistent by the higher-layer parameter resourceType, a periodicity  (in slots) and slot offset  are configured according to the higher-layer parameter periodicityAndOffset-p or periodicityAndOffset-sp. Candidate slots in which the configured SRS resource may be used for SRS transmission are the slots satisfying


SRS is transmitted as described in TS 38.213 [4], clause 11.1.





Uplink power control determines a power for SRS transmission.  For SRS requirements, a UE splits a linear value  of the transmit power  on active UL BWP  of carrier  of serving cell  equally across the configured antenna ports for SRS. 






If a UE transmits SRS on active UL BWP  of carrier  of serving cell  using SRS power control adjustment state with index , the UE determines the SRS transmission power  in SRS transmission occasion  as 

 [dBm]
The details for the parameters can be found in TS 38.213 [4], clause 7.3.1.
3.	Design of FR2 SRS time mask for UL-MIMO Test Tolerance Settings
For the transmit OFF power test, the requirements for maximum allowed EIRP OFF power is provided in TS 38.101-2, clause 6.3.3.1 [2].
-------------------------------------------Excerpt from TS 38.101-2 start -----------------------------------------
[bookmark: _Toc5266514]6.3.3	Transmit ON/OFF time mask
[bookmark: _Toc5266515]6.3.3.1	General
The transmit ON/OFF time mask defines the transient period(s) allowed
-	between transmit OFF power and transmit ON power symbols (transmit ON/OFF)
-	between continuous ON-power transmissions when power change or RB hopping is applied.
In case of RB hopping, transition period is shared symmetrically.
Unless otherwise stated the minimum requirements in clause 6.5 apply also in transient periods.
The transmit ON/OFF time mask is defined as a directional requirement. The requirement is verified in beam locked mode at beam peak direction. The maximum allowed EIRP OFF power level is -30dBm at beam peak direction. The requirement is verified with the test metric of EIRP (Link=TX beam peak direction, Meas=Link angle).
--------------------------------------------Excerpt from TS 38.101-2 end -----------------------------------------
The Test Requirements of OFF power of SRS time mask for UL-MIMO ON/OFF time mask is based on the excerpt from TS 38.101-2 and is provided in Table 1 (Table 6.3.3.2.5-1: OFF power of general ON/OFF time mask requirements).
Table 1:  Test Requirements of OFF power of SRS time mask for UL-MIMO ON/OFF time mask
	
	Channel bandwidth/Opera Output Power [dBm] / measurement bandwidth

	
	50
MHz
	100 
MHz
	200 
MHz
	400 
MHz

	Transmit OFF
power
	≤ -30 dBm

	Transmission OFF measurement bandwidth
	47.52 MHz
	95.04 MHz
	190.08 MHz
	380.16 MHz



The test requirements for the transmit OFF power is described in Table 2 (Table 6.3.2.5-1: Transmit OFF power requirements). It was determined that the core requirements cannot be tested due to testability issue and test requirement includes relaxation to achieve impact from test system noise to measurement results = 1.0 dB (Minimum requirement + relaxation). Based on this understanding some relaxation may also be needed for SRS time mask for UL-MIMO test case. The updated Table 3 account for the maximum allowed EIRP OFF power level of -30 dBm at beak peak direction.
Table 2: Transmit OFF power
	Operating band
	Channel bandwidth / Transmit OFF power (dBm) / measurement bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257, n258, n261
	-35+[21.4]
	-35+[24.4]
	-35+[27.4]
	-35+[30.4]

	
	47.52 MHz
	95.04 MHz
	190.08 MHz
	380.16 MHz

	n260
	-35+[24.1]
	-35+[27.1]
	-35+[30.1]
	-35+[33.1]

	
	47.52 MHz
	95.04 MHz
	190.08 MHz
	380.16 MHz

	NOTE 1:	Core requirement cannot be tested due to testability issue and test requirement includes relaxation to achieve impact from test system noise to measurement results = 1.0 dB (Minimum requirement + relaxation).



Table 3: Transmit OFF power with relaxations
	Operating band
	Channel bandwidth / Transmit OFF power (dBm) / measurement bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257, n258, n261
	-30+[21.4]
	-30+[24.4]
	-30+[27.4]
	-30+[30.4]

	
	47.52 MHz
	95.04 MHz
	190.08 MHz
	380.16 MHz

	n260
	-30+[24.1]
	-30+[27.1]
	-30+[30.1]
	-30+[33.1]

	
	47.52 MHz
	95.04 MHz
	190.08 MHz
	380.16 MHz

	NOTE 1:	Core requirement cannot be tested due to testability issue and test requirement includes relaxation to achieve impact from test system noise to measurement results = 1.0 dB (Minimum requirement + relaxation).



Based on Table 3, we can include the same relaxation values in brackets for FR2 SRS time mask for UL-MIMO test case.
Proposal 1: Use the same Transmit OFF power relaxation parameters in brackets for SRS time mask for UL-MIMO test case as shown in Table 3.
For the Test Requirements of ON power of SRS time mask for UL-MIMO ON/OFF time mask I would like to base it initially on FR1 requirements. For the expected SRS transmission ON measured power, the channel bandwidth/minimum output power/measurement bandwidth for 60 kHz SCS is -3.5 dBm. So, for FR2 it is proposed to set the expected SRS transmission ON measured power for 60 kHz SCS to -3.5 dBm and for 120 kHz SCS to -3.9 dBm. This proposal is provided in Table 4.
Table 4:  Test Requirements of ON power of SRS time mask for UL-MIMO ON/OFF time mask
	
	SCS 
	Channel bandwidth / minimum output power / measurement bandwidth

	
	[kHz]
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	Expected SRS Transmission ON
Measured power
	60
	[-3.5]
	[-3.5]
	[-3.5]
	N/A

	
	120
	[-3.9]
	[-3.9]
	[-3.9]
	[-3.9]

	ON Power Tolerance for n257, n258, n261
	
	± ([14.0]+TT) dB
	± ([14.0]+TT) dB
	± ([14.0]+TT) dB
	± ([14.0]+TT) dB

	ON Power Tolerance n257, n258, n261
	
	± ([14.0]+TT) dB
	± ([14.0]+TT) dB
	± ([14.0]+TT) dB
	± ([14.0]+TT) dB



Proposal 2: To be in alignment with FR1 test case, use expected SRS transmission ON measured power for 60 kHz SCS [-3.5] dB and for 120 kHz SCS [-3.9] dB.
For the FR1 test case, an analysis was done and the minimum absolute power tolerance of ± 9.0 dB requirement was selected. So, for FR2 test case, we can apply the same principle and use the minimum absolute power tolerance of ± [14.0] dB for the ON power.  This proposal is provided in Table 5.
Table 5: Test Tolerance for ON power
	
	SCS 
	Channel bandwidth / minimum output power / measurement bandwidth

	
	[kHz]
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	Expected SRS Transmission ON
Measured power
	60
	[-3.5]
	[-3.5]
	[-3.5]
	N/A

	
	120
	[-3.9]
	[-3.9]
	[-3.9]
	[-3.9]

	ON Power Tolerance for n257, n258, n261
	
	± ([14.0]+[21.9]) dB
	± ([14.0]+[24.4]) dB
	± ([14.0]+[27.4]) dB
	± ([14.0]+[30.4]) dB

	ON Power Tolerance for n260
	
	± ([14.0]+[24.1]) dB
	± ([14.0]+[27.1]) dB
	± ([14.0]+[30.1]) dB
	± ([14.0]+[33.1]) dB

	[bookmark: _GoBack]NOTE 1:	Core requirement cannot be tested due to testability issue and test requirement includes relaxation to achieve impact from test system noise to measurement results = 1.0 dB (Minimum requirement + relaxation).



Proposal 3: To be in alignment with FR1 test case and OFF Power relaxation, we used ON Power Tolerance as described in Table 5.

5.	Conclusion
In this contribution, we discussed the SRS core requirements and investigate various candidates for the design of FR2 SRS time mask for UL-MIMO test tolerance settings. Based on the discussion, our views and proposals are summarized as follows:
Proposal 1: Use the same Transmit OFF power relaxation parameters in brackets for SRS time mask for UL-MIMO test case as shown in Table 3.
Proposal 2: To be in alignment with FR1 test case, use expected SRS transmission ON measured power for 60 kHz SCS [-3.5] dB and for 120 kHz SCS [-3.9] dB.
Proposal 3: To be in alignment with FR1 test case and OFF Power relaxation, we used ON Power Tolerance as described in Table 5.
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