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Introduction
At the last RAN4#88bis meeting in Chengdu, several contributions were submitted to discuss the measurement of TDD transient time for FR2. A WF [1] was approved for further discussion of various aspects of this metric. In this contribution, we intend to look further into the methods proposed and try to offer more insight into how to form a feasible test solution.
Discussion
1.1 Background and Clarifications
First of all, a few concerns brought up in the WF [1] are clarified as follows:
1. Is it necessary to measure the TDD transient time for FR2 when Rx sensitivity test is already introduced?
Clarification: Based on our study, the measurement of the TDD transient time is necessary for FR2 for the following reasons:
1) The transient time characterizes how fast the Tx can switch from ON state to OFF state. This is an essential attribute since it will affect the co channel cell interference and the cell coverage.
2) Admittedly, the receiver sensitivity test may provide some information on the transient time of the Tx. However, considering the isolation condition of the Tx/Rx switch may be nearly ideal in many cases, the receiver sensitivity test can be easily passed even if Tx is not at the required OFF level. And for the sensitivity test, the time delay of the signal generator can be changed to get better performance. Therefore, the Rx sensitivity test is not sufficient for the test.
2. How should the TDD transient time be defined in regard to Tx OFF level?
Clarification: Two explanations of the transient time were brought up at the discussion of the last RAN4 meeting:
1) Transient time is defined as the time when Tx is switched from ON state to the complete OFF state.
2) Transient time is defined as the time when Tx is switched from ON to OFF defined by TRP = -36dBm/MHz.
Literally speaking, the definition should be 1), i.e. complete OFF state option, which we don’t know what the actual value or limit of the off power is. However, considering we already have a TX OFF requirement, TRP = -36dBm/MHz can be used to defined the power limit of the OFF state. Therefore, the TDD transient time should be defined as the time needed when Tx is switched from ON state to OFF of -36dBm/MHz in terms of TRP.
3. Which metric should be used for the actual measurement of transient time, TRP or EIRP?



Clarification: According to former discussion, use TRP as the metric to measurement seems unrealistic. Therefore, EIRP is proposed as an alternative option. If  is used for directivity,  for element gain and  for beamforming gain, the EIRP can be calculated as: 

.
If we have the directivity for TX OFF state, we can use EIRP as metric to measure the transient time. So finding the level of EIPR_OFF, i.e. directivity, becomes the main issue and TDD transient time is defined as the time between EIRP_ON and EIRP_OFF level.
1.2 Comparison of Methods Proposed to define directivity
Based on WF [1] and WF [2], the proposed methods can be summarized as follows:
Method 1: Directivity of EIRP_OFF is declared by vendors.
Comments: If the directivity is declared by vendors, the corresponding EIRP_OFF level will have excessive freedom among BS vendors. The declared directivity value should have the feasibility to be verified and if it can be tested, why it should be declared? If the declared value of the directivity can’t be verified, the declaration is meaningless for the conformance test.
Method 2: Directivity of EIRP_OFF is measured.
Comments: One approach is to lower down the output power to drive the Tx ON TRP to -36dBm/MHz. But this approach may accumulate adjustment errors since it is very hard to adjust the output power to TRP = -36dBm/MHz. Also in this case, the actual directivity will be the same logically as the ON state since the Tx is constantly working during the whole process.
There are also proposals to find the TRP in the complete OFF state and measure the corresponding EIRP in the reference direction to find the directivity in complete OFF state, and then reuse this directivity for -36dBm/MHz. This method is not applicable in the sense that TRP and EIRP in complete OFF themselves are difficult to measure due to the noise floor and link budget issue. Also, this directivity may not be reused for -36dBm/MHz. In complete OFF state, the radiated power is dominated by noise. When TRP = -36dBm/MHz, the radiated power may be comprised of the noise and leaked power from other components in the RF links, which may be above the noise floor. So directivity may not be reused for two cases.
Method 3: Directivity of EIRP_OFF is assumed to be only the element gain.



Comments：If the Tx is completely OFF, the beamforming gain is assumed to be zero. If the noise is not assumed to be coherent in space, the radiated power in the far field is formed only by element gain . However, if the TRP is evaluated at -36dBm/MHz, the beamforming gain may not be completely zero due to power leakage at the phase shifter. So in this case, assuming the beamforming gain  to be zero may introduce a stricter criteria than the actual value. And after removing , the EIRP_OFF level is much lower, the OTA test environment may not support such low value.
Method 4: Directivity of EIRP_OFF is assumed be the same for ON and OFF state.
Comments: If the directivity is assumed to be constant, EIRP_OFF is directly calculated via TRP difference. This method is simple and straightforward. This assumption is valid when only analog beamforming is used since some of the Tx power may still be leaked through the phase shifter when TRP is at -36dBm/MHz. One contribution [3] from RAN4#88bis clearly measured the EIRP_OFF level in such case and found the transient time is almost constant for different test directions. However, if digital beamforming or hybrid structure is used, we have:

.
When power is switched OFF, the signal component is eliminated and therefore the digital beamforming gain can be assumed as 0. The calculated directivity may then be higher than the actual value and the test requirement will be loosen.
The four methods may be compared as follows:
	Method
	Antenna Gain
	Pros
	Cons

	Method 1
	declared by vendors
	simple
	meaningless for conformance test

	Method 2
	defined by measured value
	accurate
	infeasible to measure

	Method 3
	assumed to be element gain
	simple
	stricter than requirement and facing the problem of testability

	Method 4
	assumed to be the same as ON
	easy to measure
	looser than actual requirement


Considering the balance of feasibility and accuracy，method 3 and 4 are found to be the promising options, i.e., the directivity for the EIRP_OFF level is set to be the element gain or assumed to be the same as the ON state. The transient time can then be measured between the EIRP_ON and EIRP_OFF level or a simple time-gated manner can be used as in [4].
Conclusions
In this contribution, more aspects of the TDD transient time definition and measurements are discussed. 
It seems that no method can be the perfect solution, if there is no other choice.
From the operator’s perspective, method 3 should be adopted to fulfill the test and it will make the requirement more strengthened. The element gain should be declared according to the OTA coverage range.
From the testing feasibility aspect, the method 4 should be adopted.
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