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1 Introduction
FR1 Shorter transient period UE capability is introduced in Rel-16 on {2, 4, 7} μs, with 10μs as the default value. 

Currently in TS 38.101-1, RF requirement for shorter transient is still under discussion, the key divergence is the TP position on the transient boundary.

This paper provides further analysis on transient period capability RF requirement. 
2 Discussion
2.1 How gNB take the FFT window

As we all know, CP is added for each OFDM symbol to anti multipath delay spread, it is the repetition of the symbol end. NR introduces 30kHz SCS for FR1 and widely used by operators for TDD band which brings benefit on low latency, CP length is about 2.5us. In TR 38.901, channel models are researched based on the real channel measurements by many companies. Delay spread are provided with 2 parts, one is normalized value among taps/clusters in one TDL/CDL channel model as τ, the other part is the given by DSdesired:
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Take TDL-C model as example, τ for each tap is given in the 2nd column:

	Tap #
	Normalized delays
	Power in [dB]
	Fading distribution

	1
	0
	-4.4
	Rayleigh

	2
	0.2099
	-1.2
	Rayleigh

	3
	0.2219
	-3.5
	Rayleigh

	4
	0.2329
	-5.2
	Rayleigh

	5
	0.2176
	-2.5
	Rayleigh

	6
	0.6366
	0
	Rayleigh

	7
	0.6448
	-2.2
	Rayleigh

	8
	0.6560
	-3.9
	Rayleigh

	9
	0.6584
	-7.4
	Rayleigh

	10
	0.7935
	-7.1
	Rayleigh

	11
	0.8213
	-10.7
	Rayleigh

	12
	0.9336
	-11.1
	Rayleigh

	13
	1.2285
	-5.1
	Rayleigh

	14
	1.3083
	-6.8
	Rayleigh

	15
	2.1704
	-8.7
	Rayleigh

	16
	2.7105
	-13.2
	Rayleigh

	17
	4.2589
	-13.9
	Rayleigh

	18
	4.6003
	-13.9
	Rayleigh

	19
	5.4902
	-15.8
	Rayleigh

	20
	5.6077
	-17.1
	Rayleigh

	21
	6.3065
	-16
	Rayleigh

	22
	6.6374
	-15.7
	Rayleigh

	23
	7.0427
	-21.6
	Rayleigh

	24
	8.6523
	-22.8
	Rayleigh


In which DSdesired could be chosen in:

	Model
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	Very short delay spread
	10 ns

	Short delay spread
	30 ns

	Nominal delay spread
	100 ns

	Long delay spread
	300 ns

	Very long delay spread
	1000 ns


If 1000ns is adopted, the maximum delay in the channel model is 8.6us, this is used for very long delay spread.
However, in TS 38.101-4, TDL-C 300ns is selected as the typical high delay environment, the delay profile for FR1 is as below:

Table B.2.1.1-4 TDLC300 (DS = 300 ns)

	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	-6.9
	Rayleigh

	2
	65
	0
	Rayleigh

	3
	70
	-7.7
	Rayleigh

	4
	190
	-2.5
	Rayleigh

	5
	195
	-2.4
	Rayleigh

	6
	200
	-9.9
	Rayleigh

	7
	240
	-8.0
	Rayleigh

	8
	325
	-6.6
	Rayleigh

	9
	520
	-7.1
	Rayleigh

	10
	1045
	-13.0
	Rayleigh

	11
	1510
	-14.2
	Rayleigh

	12
	2595
	-16.0
	Rayleigh


From TDLC300 model, we can see the maximum excess tap delay span is almost 2.6us, which is larger than CP length for 30kHz SCS.

In TR 38.901, Scenario specific scaling factors are provided, in which >500ns DS is recommended for UMi street-canyon(up to 623ns DS) and UMa(up to 1148ns), it means the max tap delay span could be up to 5.4us and 9.9us.

Observation 1: From real channel measurements, TR 38.901 provide up to 9.9us max tap delay span for some Scenarios, which is much larger than CP length.

For gNB, FFT window length adopt is highly related to demodulation performance. Theoretically, it is better to adopt the FFT window at the CP right side, i.e. exclude the CP, in which CP is totally applied for anti-multipath delay spread. It can be seen as in Fig 1. For 1UE, gNB could exclude the entire CP for the 1st tap/cluster, it ensures ISI be in the lowest level. 


[image: image3]
Fig 1. ISI and gNB FFT window for 1UE
For multiple UEs, there is sync error among UEs, i.e. the signal access time for different UE is different on the 1st tap. We could name it as Te. This error comes from UL transmission timing error and TAC adjustment error. The timing difference between UEs could bring ISI on UEs with advanced reaching timing compared with gNB. See description in Fig. 2. Considering this reaching timing difference among UEs, gNB need to adjust the FFT window slightly shift into CP, the shift length is dependent on the real timing difference in the network.

From the observation in the real network, we found this timing difference is very small, it is about 10-30Ts, which is 81ns~243ns for 30kHz, 162us~486ns for 15kHz, about 10% of the CP. 
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Fig 2. ISI and FFT window for Multi-UE scenario
From the analysis on scenario of Fig2, gNB need to slight adjust its FFT window shift into the CP 10%, which can ensure on the ISI brought by multi-UE timing difference. The FFT window after adjustment can be seen in Fig 3:

[image: image5]
Fig 3. gNB FFT window after adjustment

Observation 2: considering multi-UE scenario, gNB take the FFT window including 10% CP length(i.e. excluding 90% CP). It can ensure 90% CP used for anti-multipath delay spread and UEs’ UL transmission timing difference be considered. 
In the last meeting, solution that gNB adopts FFT window with 50% CP length is mentioned by companies. It will largely reduce the uplink coverage, and only applicable to the short delay spread scenario, e.g. DS=30ns. But, gNB could not adjust FFT window flexibly according to channel environment, excluding as much as CP length can ensure on better UL performance. We provide the performance comparison on different FFT window: 0% CP, 10% CP, 50% CP, can be seen in Fig 4. We can see that taking “10% CP length” in FFT window do not impact on the UL performance much, however “50% CP length” has much impact on UL performance caused by ISI, about 5% performance degradation. Note the simulation takes 300ns DS.
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Fig 4. Performance comparison on different FFT window: 0% CP, 10% CP
Observation 3: For Long delay spread scenario, taking FFT window with 50% CP length has much impact on UL performance caused by multi-path delay spread. 
From the above analysis, we can see that UE transient period can be positioned more adaptable to gNB’s solution since shorter transient is introduced. In [2], another definition on shorter transient time mask is provided, it provides additional time stamp specifies the TP start position. Then the transient period is position within tpstart+’tp’ range. We copied it as below from moderator summary:
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Unlike symmetrically positioned TP, asymmetrical TP actually can reach better UL performance. We provide analysis for each shorter transient as below:

· 15kHz SCS, 2us transient: see below Figure 5a, if UE placed the transient in the dashed region, the un-stable part will not be captured and send into decoding, both symbols at power change boundary can be protected. The placement is absolutely asymmetrical, with many allocation options:
Option 1: 0.5us in the left symbol, 1.5us in the right symbol

Option 2: 0us in the left symbol, 2us in the right symbol

Option 3: any allocations between option 1 and option 2

[image: image8]
Fig 5a.

· 30kHz SCS, 2us transient: see below Figure 5b, if UE placed the transient in the dashed region, the un-stable part will not be captured and send into decoding, both symbols at power change boundary can be protected. The placement is absolutely asymmetrical, with many allocation options:

Option 1: 0.25us in the left symbol, 1.75us in the right symbol

Option 2: 0us in the left symbol, 2us in the right symbol

Option 3: any allocations between option 1 and option 2
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Fig 5b.

In summary, for 2us transient, asymmetrical TP placement for different SCS can largely optimize the UL demodulation performance, in which UE could choose different implementations on transient placement for different SCS. E.g. 0.25us in left and 2us in right, or 0.5us left and 1.5us right, etc. From testability perspective, we need a unite principle for different asymmetrical TP positions. Considering all the options listed above, we can see that “0.5us in left and 1.5us in right” could cover most cases.
Proposal 1: For 2us shorter transient, define the time mask as: 0.5us in left symbol and 1.5us in right symbol, i.e. the tpstart is -0.5us. 
· 15kHz SCS, 4us transient, see Fig 5a
allocation options:

Option 1: 0.5us in the left symbol, 3.5us in the right symbol

Option 2: 0us in the left symbol, 4us in the right symbol

Option 3: any allocations between option 1 and option 2
· 30kHz SCS, 4us transient, see Fig 5b
Option 1: 1.75us in the left symbol, 2.25us in the right symbol, then right symbol decoding is ensured. For this case, it could be classified into symmetrical position.

Option 2: 0.25us in the left symbol, 3.75us in the right symbol, then left symbol decoding is ensured

Option 3: any allocations between option 1 and option 2

In summary, we define a unite definition for different asymmetrical TP positions, however implementation could be flexible. Considering all the options listed above, we can see that “1us in left and 3us in right” could cover most asymmetrical cases.
Proposal 2: For 4us shorter transient, define the time mask as: 1us in left symbol and 3us in right symbol, i.e. the tpstart is -1us. 
· 15kHz SCS, 7us transient: 7us case is special, because its position should not stand outside 10us window in Rel-15 spec for compatibility. Options are provided below:
Option 1: 2.5us in the left symbol, 4.5us in the right symbol, then right symbol decoding is ensured.

Option 2: 2us in the left, 5us is the right symbol. 2 symbols may be both impaired, but compared with 3.5+3.5 placement solution, the left symbol can be impaired more with 1.5us(3.5-2=1.5us) longer unstable region. Simply transformed into EVM, 1.5us longer unstable region could bring 3dB SNR loss, which makes 64QAM impossible.
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Fig. 5c
· 30kHz SCS, 7us transient: we believe 7us transient is not helpful to optimize on 30kHz SCS case. However, UE can decide how to position the TP based on other parameters, e.g. coding rate, asymmetrical position should be allowed. 
Considering all the options listed above, we can see that “2us in left and 5us in right” could cover most asymmetrical cases.
Proposal 3: For 7us shorter transient, define the time mask as: 2us in left symbol and 5us in right symbol, i.e. the tpstart is -1us. 
Th tpstart value for each shorter transient is provided in table 1 with type 1 and type 2:
Table 1. Proposed value for tpstart 
	tp
((s)
	Type 1
	Type 2

	
	tpstart ((s)
	tpstart ((s)

	2
	-0.5
	-1

	4
	-1
	-2

	7
	-2
	-3.5


Proposal 4: Values of tpstart for transient period starts before the transmission boundary for type 1 and type 2 as specified in table1 respectively. Type1 and type2 is declared by UE.
Looking back on Rel-15 spec, 2 kinds of transient position are provided for 10μs, symmetric or asymmetric:

1. Symmetrically positioned for Long and long subslot/ short and short subslot
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2. Asymmetrically positioned for long and short subslot

[image: image12.png]Long subslot N

Short subslot N+1 Long subslot N+2

1
(] [
1 [
Endof power | | Start of power Endofpower | | Startof power
o e
1o 1
10ps 10ps =
Transient period

Transient period




The intension to introduce asymmetrically TP position is to protect symbols on short subslot, assuming long subslot is more robust with more symbols. Although TP positioned on shorter subslot may not impact its demodulation performance because at least half CP is excluded by gNB, the current spec adopt the solution to 100% protect the short subslot. We can see that asymmetrical TP position is not a fresh concept but already existed from Rel-15, UE need to decide on the transient start timeline based on the scheduling information.

Observation 4: Asymmetrical transient period position is already existed from Rel-15. 
2.2 Whether 55dB power change valid for real network 
For power change range, we provide papers that >55dB power change range can be observed in the real NR network.
However, there are comments from one company that such change is not possible, we copy the comments as below:

“the PSD difference between PUSCH and PUCCH is more than 30dB or so. This means that if a UE is transmitting PUSCH on the RBs that are adjacent to the PUCCH RBs, the SIR on the PUCCH RBs just because of IBE will be very low(smaller than -5dB or so) which means PUCCH is non-decodable. This cannot happen in a real network since PUSCH and PUCCH should co-exist(UEs can be FDM-ed) so we cannot have such big power difference.” The situation can be depicted in figure 2:

[image: image13]
We provide calculating on PUCCH demodulation threshold for this case:

Assume PUCCH with 1RB, transmitting power of -32dBm for UE1,

PUSCH with 272 RB, transmitting power of 23dBm for UE2, PSD as -1dBm/RB
Then the FDM-ed PUSCH and PUCCH PSD difference are 31dB.

Assume IBE as 30dB, then the IBE emission the PUCCH received is -31dBm, then the SNR for PUCCH is -1dB.
In TS 38.104, the PUCCH demodulation threshold is defined much lower than -1dB, while we think the real demodulation threshold for gNB would be better than TS 38.104.

Additionally, there is always transmission loss between UEs, UE2’s PUSCH transmit power cannot fully effectively received by UE1. Assume UE1 and UE2 are with 1m space, for 3.5GHz, the free space loss would be 43dB, the isolation between antennas is at least 10dB between UEs. Then the SNR will be much higher than -1dB for PUCCH.
Actually, we already declared several times that large power change range is captured under the real NR network.

Observation 5: Large power change case cannot be ignored. Further discuss on testability on large power change range issue.
2.3 Symbol level EVM evaluation 
In [1], symbol level EVM is proposed as 4.5% for 256QAM and 10% for 64QAM, which is 26dB and 20dB in SNR. This data is raised up first time in [1], and seems lack of theatrical analysis. 

We would like to clarify on the assumption of the symbol level EVM measurement:

Firstly, when we take the test, whether all transient is excluded to calculate on symbol EVM? 

In [1], 50% EVM window is reused and assume all transient is excluded based on 2, 4, 7 capability. So even is it based on all transient is excluded, relaxation with 4.5% and 10% is suggested. It means the transient status of power change is not completed within the capability UE indicated.
Secondly, if new EVM window is used, whether the EVM metric need to relax more?

Since UE may adopt OFDM filter which makes the end symbol impaired from the filter, new EVM window could make the EVM test result worse.
The other problem is, UE with 4.3us transient may indicate 4us capability, and 0.3us transient could captured for decoding, that makes EVM of the ODFM symbol be reduced.
From our analysis, EVM metric is depending on whether UE indicated capability is well matching with the EVM window. Once the un-completed transient status is captured with the FFT window, symbol level transient is impacted.

Considering the above aspects, we propose to define EVM metric for shorter transient as [8%] for 256QAM, [10%] for 64QAM.
Proposal 5: EVM metric for shorter transient is [8%] for 256QAM, [10%] for 64QAM.
3 Conclusion

In this contribution we discussed on the open issues on transient period UE capability, according to the analysis, we have the following proposals: 
Observation 1: From real channel measurements, TR 38.901 provide up to 9.9us max tap delay span for some Scenarios, which is much larger than CP length.

Observation 2: considering multi-UE scenario, gNB take the FFT window including 10% CP length(i.e. excluding 90% CP). It can ensure 90% CP used for anti-multipath delay spread and UEs’ UL transmission timing difference be considered. 

Observation 3: For Long delay spread scenario, taking FFT window with 50% CP length has much impact on UL performance caused by multi-path delay spread. 
Proposal 1: For 2us shorter transient, define the time mask as: 0.5us in left symbol and 1.5us in right symbol, i.e. the tpstart is -0.5us. 
Proposal 2: For 4us shorter transient, define the time mask as: 1us in left symbol and 3us in right symbol, i.e. the tpstart is -1us. 
Proposal 3: For 7us shorter transient, define the time mask as: 2us in left symbol and 5us in right symbol, i.e. the tpstart is -1us. 
Observation 4: Asymmetrical transient period position is already existed from Rel-15. 
Observation 5: Large power change case cannot be ignored. Further discuss on testability on large power change range issue.

Proposal 4: Values of tpstart for transient period starts before the transmission boundary for type 1 and type 2 as specified in table1 respectively. Type1 and type2 is declared by UE.
Proposal 5: EVM metric for shorter transient is [8%] for 256QAM, [10%] for 64QAM.
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