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1 Introduction
This paper is about the LS from RAN5 about the ON OFF time mask tests for UL MIMO, the LS contents are as below. In last RAN4 meeting, there are some discussions on this LS, however, no consensus on what should reply to RAN5. And also certain company commented that RAN4 should change ON/OFF time mask core requirements from per-antenna connector based to per UE based requirement. This paper further discuss on this LS.
	1. Overall Description:

The minimum requirements for Transmit ON/OFF time mask for UL MIMO in 38.101-1 sets that the requirements from the non-UL MIMO case apply at each transmit antenna connector:

6.3D.3
Transmit ON/OFF time mask for UL MIMO

For UE supporting UL MIMO, the ON/OFF time mask requirements in clause 6.3.3 apply at each transmit antenna connector.

In the Transmit ON/OFF time mask, both ON and OFF power need to be measured.

When measuring OFF power, that is consistent with the minimum requirements for the transmit OFF power for UL MIMO that also applies separately per transmit antenna connector.

However, for measuring the ON power, the requirement applicability to each transmit antenna connector seems inconsistent with the rest of test cases where ON power is measured for UL MIMO (maximum output power, minimum output power, (absolute, relative) power control tolerance...), where the requirement applies to the sum of the output power at each transmit antenna connector. The Absolute power tolerance for UL MIMO test case is the best to illustrate this inconsistency because both this test case and the Transmit ON/OFF time mask for UL MIMO test case are implemented using open loop power control. 

Currently, Transmit ON/OFF time mask for UL MIMO test case in 38.521-1 is implemented measuring and checking ON power as the sum of the output power from both UE antenna connectors what in principle is inconsistent with current minimum requirements, therefore it’s important that RAN4 provides clear guidance on what is the right interpretation of the minimum requirements.
2. Actions:

To RAN4 group.

ACTION: 
RAN5 kindly asks RAN4 group to clarify the minimum requirements for transmit ON/OFF time mask for UL MIMO when ON power needs to be measured.


2 Discussion

2.1 UL MIMO ON/OFF time mask requirement
Before discussing the ON/OFF time mask test methods that RAN5 has adopted, it needs to take a look at the idea of changing RAN4 core requirements from current per antenna connector based to per UE based.
The ON/OFF time mask tests the transient period which is at the level of 10us in FR1, and in Rel-16 the transient period UE capability was introduced which makes the time level comes to 2us with tpstart 0.5us.
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6.3.3.1 General
The transmit power time mask defines the transient period(s) allowed

- between transmit OFF power as defined in clause 6.3.2 and transmit ON power symbols (transmit ON/OFF)

- between continuous ON-power transmissions with powerchange or RB hopping is applied. When a UE signals
the transient period capability, the[transient period value (1) can be 2. 4_or 7 usec) If no capability is signalled, the
default transient period value of 10 usec applies.

In case of RB hopping, transition period is shared symmetrically when the transient period s 10usec (P would then
be equal to -5ps in following figures). If the UE signals a transient period (1p) of 2, 4 or Tusec, the transient period start
position is given by fpua in Table 6.3.3.1-1.

Table 6.3.3.1-1 tpstar values

tpstart (us)
-0.5]
4 [11
7 [2]

NOTE 1: Negative values mean that the transient period
starts before the symbol boundary





And in section 6.4D.3 of 38.101-1, the time alignment error for UL MIMO defines the requirement for time difference between transmit antenna connectors which is at the level of 0.13us.
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For UE(s) with multiple transmit antenna connectors supporting UL MIMO, this requirement applies to frame timing
differences between transmissions on multiple transmit antenna connectors in the closed-loop spatial multiplexing
scheme.

The time alignment error (TAE) is defined as the average frame timing difference between any two transmissions on
different transmit antenna connectors.

[For UE(s) with multiple transmit antenna connectors, the Time Ali; 0 ns|

ment Error (TAE) shall not exceed




Based on the above referred transient period requirement and tme alignment error requirement, it can be seen that the time alignment error between connectors is non-neglectable comparing to the transient period especially UEs with small transient period capability. 
Although the transient period capability is introduced from Rel-16, and UL MIMO is from Rel-15, but if we change the Rel-15 UL MIMO ON/OFF time mask then it is anticipated that the Rel-16 will also be changed to make consistency, finally this will make the trnansient period capability having testing accuracy problems.
Therefore, UL MIMO ON/OFF time mask requirement defined at each antenna connector is more suitable than defined as sum of the connectors.
Observation 1:    The time alignment error between connectors (0.13us) is non-neglectable comparing to the transient period especially UEs with small transient period capability (2us tp/0.5us tpstart).
Proposal 1:         Keep UL MIMO ON/OFF time mask requirement defined at each antenna connector.
2.2 RAN5 LS
The RAN5 LS is mainly about the testing methods of ON/OFF time mask, which is testing power before and after the transient period as figure below. This is a traditional approach that RAN5 has adopted from LTE. And the OFF power here is same as the transmit OFF power requirements defined in 6.3.2 in 38.101-1 for each antenna connector, then the ON power here is based on the absolute power control (open loop power control) which has large power control uncertainty. According to RAN5 LS, it can be seen that if ON power here is measured at each antenna connector then RAN5 has some inconsistency in measuring power comparing to other similar requirements like max/min power, absolute/relative power control where the power is measured as sum of each connectors. So they choose to keep the measurement consistency within RAN5 spec, i.e. measuring the ON power here as the sum of each antenna connector. This makes RAN5 testing spec actually is deciding UE ON/OFF time mask based on the sum of each antenna connector rather than based on each antenna connector alone. This is inconsistent with RAN4 core requirements even RAN5 is only talking about how to measure the ON power.
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Observation 2:    RAN5 test ON/OFF time mask requirement based on OFF power and ON power before and after the transient period. And for UL MIMO the ON power is measured as sum of the antenna connectors.
Observation 3:    RAN5 testing method is different from RAN4 core requirement where the ON/OFF time mask requirement is defined based on each antenna connector.

In RAN4 the ON/OFF time mask is focusing on the time aspect rather than power, and this time requirement is applied to all transmit powers. However, in RAN5 when they define testing methods the worst case is always considered to avoid redundant tests, and it is straight forward that the worst case here is the time required to change from OFF power to max power. This is also the power settings that RAN5 has adopted in this test case. But anyway how to define test cases is falling into RAN5 scope and what RAN4 can reply to this LS is answering questions about core requirements. 

Therefore, it is proposed to reply RAN5 that the ON/OFF time mask is defined at each antenna connector and it is RAN4 understanding that UE performance of ON/OFF time mask for UL MIMO should be judged based on each antenna connector rather than sum of connectors due to the potential time alignment error between antenna connectors.
Proposal 2:         Reply RAN5 that the ON/OFF time mask is defined at each antenna connector and UE performance of UL MIMO ON/OFF time mask should be judged based on each antenna connector rather than sum of connectors due to the potential time alignment error between antenna connectors.
A draft LS is attached.
3 Conclusion

Observation 1:    The time alignment error between connectors (0.13us) is non-neglectable comparing to the transient period especially UEs with small transient period capability (2us tp/0.5us tpstart).
Proposal 1:         Keep UL MIMO ON/OFF time mask requirement defined at each antenna connector.

Observation 2:    RAN5 test ON/OFF time mask requirement based on OFF power and ON power before and after the transient period. And for UL MIMO the ON power is measured as sum of the antenna connectors.

Observation 3:    RAN5 testing method is different from RAN4 core requirement where the ON/OFF time mask requirement is defined based on each antenna connector.

Proposal 2:         Reply RAN5 that the ON/OFF time mask is defined at each antenna connector and UE performance of UL MIMO ON/OFF time mask should be judged based on each antenna connector rather than sum of connectors due to the potential time alignment error between antenna connectors.
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1. Overall Description:

RAN4 would like to thank RAN5 for the LS on minimum requirements for Transmit ON/OFF time mask in UL MIMO FR1 and would like to give following clarification on the minimum requirements for transmit ON/OFF time mask for UL MIMO.
The ON/OFF time mask requirement is defined for the time that needed when UE transmit power changes from OFF power to any ON power including maximum transmit power. The ON/OFF time mask requirement for UL MIMO in 6.3D.3 of 38.101-1 is defined at each antenna connector and it is RAN4 understanding that UE performance of ON/OFF time mask for UL MIMO should be judged based on each antenna connector rather than sum of connectors due to the potential time alignment error between antenna connectors.
2. Actions:

To RAN5:
ACTION: RAN4 respectfully asks RAN5 to take the above into consideration.
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