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1 Introduction
During RAN #87 meeting, CR[1] was resubmitted which includes the revision on 2 parts generally:

· On-off time mask: all transient period 10us is replaced with ‘tp’

· Test metric and some configuration for transient period: 1) take RMS EVM=min(EVML,EVMH) for tp<=150% CP length as test metric 2) degraded EVM for symbol level EVM

Conclusion of RAN #87 is: no consensus on whether the transient time capability is feasible to test or not. RAN4 CR is 261 is noted. RAN4 continue discussing the feasibility of testing the transient periods in RAN4 during Q2 and report the outcome at RAN#88
In RAN4 #94bis-e meeting, further discussion on EVM test metric and power change range were proceeded. 
This paper provides further analysis on testability of transient period. 
2 Discussion
2.1 Relation between transient period capability and power change range
In[2], we provide the data from real NR networks(different gNB vendor) on power change range:

	gNB Vendors No.
	P0_PUSCH
	P0_PUCCH
	RB change
1RB->273RB
	Largest power change between 2 UL transmissions

	1
	-86
	-104
	24dB
	42dB

	2
	-70
	-104
	24dB
	58dB

	3
	-73
	-100
	24dB
	51dB


According to our study, the maximum power change range existed in the real network can be up to 58dB.

Meanwhile, in the WF[3] proposed by companies, the test is suggested under 20dB power change range(20MHz, 1RB->100RB). And TE vendors confirms 20dB is generally the maximum power change range they can provide for EVM test.

Observation 1: The maximum power change range that TE can provide is about 20dB.

Under such background, the CR[1] proposes to define the on-on power change time mask as below, ‘tp’ is symmetrically shared on the boundary:
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It means UE should prepare the action/command for power changing in advance with 1/2tp on the boundary. The RF and power management(PMIC) control command is configured by UE own implementation. Once the time mask is changed, UE should make it clear on the specific value of 1/2tp and implement it into the UE design.

Then the problem is: what is the reference power change range for the RF control system to configure the power command. From the WF[3], it seems companies think the reference power change range is 20dB. Assuming UE need 4us transient period for 20dB power change, the UE configures the power change command with 2us in advance on the boundary which ensures symmetrically shared ‘tp’. Unfortunately, the UE may need 10us transient period for 50dB power change. With 2us power change advance, there would be 8us transient period falling into the subsequent symbol. The problem can be seen in Fig 1:


[image: image2]
Fig 1: if 20dB power change is the reference for ‘tp’ position, most part of transient period will fall into the subsequent symbol for larger power change case
Observation 2: If 20dB power change is the reference for ‘tp’ adoption, most part of transient period will fall into the subsequent symbol for larger power change range. It will cause performance degradation on demodulation of the subsequent symbol.
The other option is to define the reference power change range for ‘tp’ as the maximum power change range, e.g. 58dB. It means UE configures the power change command with 1/2tp for the worst case and indicate the capability for the worst case. But the UE will test on this worst ‘tp’ under 20dB power change. Then the situation becomes a paradox: Without valid test for the worst case, how could UE know its ‘tp’ capability? How could UE configure its power change command with 1/2tp?
Observation 3: If the reference power change range for ‘tp’ is defined as the maximum power change range(worst case), it becomes a paradox: UE could not get known on its ‘tp’ capability because TE cannot provide the test possibility for worst case.

2.2 EVM test metric to justify transient period

In RAN4 #93 meeting, it is proposed in [3] with EVM=min(EVML, EVMH) with exclusion window symmetrically distributed on the slot/symbol boundary. Further in RAN4 #94bis-e meeting, it is proposed in [5] that EVM metric to justify transient period can be different for different UE with their own ‘tp’ UE capability. It means RAN4 will provide different EVM test metric for different UE, it violates the test principle that all UEs should be under a fair/same test metric or condition. As we all know, we take EVM=max(EVML, EVMH) is targeting for the worst value happened within the EVM window. Different EVM test metric will make some UEs adapted to EVM=min(EVML, EVMH) are with relaxation invisibly. 
Observation 4: The same test metric or test condition should be provided for all UEs with different ‘tp’ capability to ensure the fairness of the test procedure.
In [3], it is proposed to measure on the transient period on the boundary of 2 slots, the exclusion period is symmetrically positioned across symbol 13 and symbol 0. In the current TS 38.521, EVM window is specified as below:
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 with respect to the different CP length in a slot is as follows: (FDD, normal CP length)
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 is on Tf=144 (=CP/2) within the CP of length 288 FFT samples (in OFDM symbols except 0 and 28 (=[image: image5.png]724



), where symbol 0 is the first symbol of each subframe) for 100 MHz channel bandwidth and SCS = 30 kHz.
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), where symbol 0 is the first symbol of each subframe) for 100 MHz channel bandwidth and SCS = 30 kHz.


Obviously the EVM window on symbol 0 and symbol 13 is not same, where the EVM window for symbol 0 would be larger than others because of CP length. Hence, the exclusion window cannot symmetrically positioned on the boundary. The values calculated in [5] is totally wrong.
Observation 5: exclusion window on the boundary of symbol 13 and symbol 0 cannot be symmetrically positioned because the CP length for symbol 0 is longer than others.

With exclusion window un-symmetrically positioned, and UE symmetrically positioned its transient period ’tp’, the UE capability is actually more stringent under such test method. As shown in Fig 2, with un-symmetrically positioned exclusion window, if UE position the transient period unsymmetrically like the exclusion window, The UE can pass the test while if UE position transient period symmetrically across the boundary, it will fail the test. 
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Fig 2. Exclusion window on the boundary is not symmetrically shared

Observation 6: Whether the UE can pass the test is highly related to how UE position the transient period on the boundary and whether it is aligned with the exclusion window.
2.3 How UE configure power change command on the boundary
Generally, UE need to configure on its power change command for several modules, the key related parts are: RFIC, RFFE, PMIC. Each part occupies different portion for the power change procedure, and have different impact on EVM. Thus, these parts can be controlled separately, not only for transient period procedure, but also considering on balance with other aspects, e.g. power consumption. 
From implementation perspective, these RF and PM system controlling interface (SW or HW) are internally pre-configured by chipset implementation because the controlling procedure connects with other hardware processing time order, closed loop can avoid timing disorder. Many interface especially relates to chipset design are not open to UE design currently. However, the introduction of transient period capability requires for re-arrangement on power control configuration on each related module for different UE capability. It will cause the problem for UE vendor arrange the time order between chipset platform and RFFEs produced from different vendors. For example, PMIC is the intermediate module connecting power supply and RFFEs, it adjust the supply voltage by DC-DC to improve the PA efficiency by tracking envelop. Generally, PMIC is bundled with the chipset platform, while the PA may be designed separately. How to match between PA ability and PMIC configuration actually a super complex issue.
Observation 7: The introduction of transient period capability requires for re-arrangement on power control configuration on each related module (e.g. PMIC, RFIC, RFFE) for different UE capability. 
2.4 Testability problems unsolved summary
In the last RAN4 meeting, 10 testability issues was discussed and detailed analysis were provided in the summary[4].
	
	Issues
	
	Issues

	1
	whether RMS EVM over 1 slot can represent the transient period capability
	7
	whether RMS EVM with DFT-OFDM measurement similar with LTE can be tested for transient period 

	2
	For RMS EVM over 1 slot, whether EVM measurement procedure on equalizing is clear for UE
	8
	UL DL configuration

	3
	For RMS EVM over 1 symbol, how to define EVM measurement procedure in the spec
	9
	how to calculate EVM for symbols in which the transient occurs

	4
	Whether 20dB power change can represent the maximum power change in the network, if not, whether TE can provide the test condition for the maximum power change  
	10
	EVM budget for symbol where the transient occurs


	5
	How to ensure the transient period is symmetrically positioned?
	11
	L  Preliminary verification results shall be provided to justify the test feasibility

	6
	whether EVM=min(EVML, EVMH) can differentiate UE with different transient period ability
	
	


For issue 11, it was discussed as one criteria for transient period capability introduction. According to our knowledge, there is no TE vendor can provide the RMS EVM test proposed in [1] for NR currently. This test procedure is still a paper work, no one has verified its feasibility. According to our knowledge, the symbol level EVM test is premature for NR, nevertheless with the new test method on EVM measurement which can justify transient period.
Observation 8: Preliminary verification results shall be provided to justify the test feasibility.
So, testability for transient period capability shall be further studied in RAN4 which ensures UE capabilities indicated is captured correctly by TE. Before the testability issues be solved, transient period capability and related RF requirement shall be introduced.

Proposal 1: If the above testability issues cannot be solved in Rel-16, RAN4 agrees on new SI on detailing the test procedure for transient period.
3 Conclusion

In this contribution we discussed on the open issues on transient period capability, according to the analysis, we have the following proposals:
Observation 1: The maximum power change range that TE can provide is about 20dB.

Observation 2: If 20dB power change is the reference for ‘tp’ adoption, most part of transient period will fall into the subsequent symbol for larger power change range. It will cause performance degradation on demodulation of the subsequent symbol.
Observation 3: If the reference power change range for ‘tp’ is defined as the maximum power change range(worst case), it becomes a paradox: UE could not get known on its ‘tp’ capability because TE cannot provide the test possibility for worst case.

Observation 4: The same test metric or test condition should be provided for all UEs with different ‘tp’ capability to ensure the fairness of the test procedure.

Observation 5: exclusion window on the boundary of symbol 13 and symbol 0 cannot be symmetrically positioned because the CP length for symbol 0 is longer than others.

Observation 6: Whether the UE can pass the test is highly related to how UE position the transient period on the boundary and whether it is aligned with the exclusion window.
Observation 7: The introduction of transient period capability requires for re-arrangement on power control configuration on each related module (e.g. PMIC, RFIC, RFFE) for different UE capability. 
Observation 8: Preliminary verification results shall be provided to justify the test feasibility.
Proposal 1: If the above testability issues cannot be solved in Rel-16, RAN4 agrees on new SI on detailing the test procedure for transient period.
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