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1
Introduction
RAN4 received an LS from RAN1 [1] on possible RF impacts related to sPUSCH design. In particular LS asked if there are any RF related impacts to demodulation performance of sPUSCH due to DMRS sharing. In this contribution we discuss what kind of RF originated imparments that would impact demodulation performance of sPUSCH can be expected.
2
Discussion

In LS three scenarios were listed where RAN1 is expecting to have feed back from RAN4 on RF related impacts to demodulation performance of sPUSCH. These scenarios are also presented in Figure 1.
1)
Using different output power levels; 

2)
Using different bandwidth allocations; 

3)
Allocating DMRS symbol(s) and the associated data symbol(s) non-contiguously in time
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Figure 1: RF related scenarios for sPUSCH demodulation performance
2.1
Power change
2.1.1
Phase error
In this scenario DMRS is shared between sTTI#1 and sTTI#2 but the sPUSCH transmission power level is different on the sTTI’s. Due to the power change there is potentially a phase change in transmitted signal [2] which would impact the sPUSCH demodulation as phase is not any more coherent between DMRS and sPUSCH. In order to preserve phase and amplitude coherency, all analog TX chain blocks will need to maintain their gain settings, so the power change would have to be implemented in digital domain (i.e. at DAC output). If the analog TX chain gain is maintained, the biggest contributor to phase change should be the power amplifier, which will operate at a different backoff in different sTTI’s, hence have different AM and PM distortion. 
In Figure 2(Figure 6 we present plots of PA compression and phase behavior as a function of output power. Notice that these are computed from the entire signal, by varying the TX power, instead of instantaneous signal values. Hence they differ from the AM-AM and AM-PM curves of the PA due to the amplitude distribution of the signal. For readability, the plots show the deviation of power and phase from those of an ideal, linear PA with the same nominal gain (here defined at 22 dBm TX power). The horizontal axis corresponds to the TX power with an ideal PA. We can note that the phase change is limited at maximum 5.7 degrees even for quite substantial power change of 15 dB. When the power change is smaller i.e. in the order or 1 – 3 dB (which would be typical value in closed loop power control when TCP command is received) the phase change is limited to 1.5 degrees.
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Figure 2: Amplitude and phase variation for PA1
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Figure 3: Amplitude and phase variation for PA2
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Figure 4: Amplitude and phase variation for PA3
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Figure 5: Amplitude and phase variation for PA4
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Figure 6: Amplitude and phase variation for PA5
2.1.2
Amplitude error
In addition to phase change due to transmission power change another source for demodulation performance degradation is the amplitude error which comes from UE inability to accurately set the transmission power. Minimun requirement which applies to this case is the E-UTRA relative power tolerance which is rather relaxed as the requirement also applies to case that transmission changes frequency location. Furthermore two exceptions are allowed for power accuracy when UE transmission power is swept from min to max or max to min due to PA mode switching. The amount of exception is ±6.0 dB.
Table 1: E-UTRA relative power tolerance

	Power step P (Up or down) 

 [dB]
	All combinations of PUSCH and PUCCH transitions [dB]

	ΔP < 2
	±2.5 (NOTE 3)

	2 ≤ ΔP < 3
	±3.0

	3 ≤ ΔP < 4
	±3.5

	4 ≤ ΔP ≤ 10
	±4.0

	10 ≤ ΔP < 15
	±5.0

	15 ≤ ΔP
	±6.0


UE can have better performance than what is the current minimum requirement for relative power tolerance of E-UTRA as no frequency change is involved in this scenario. Also, as discussed in the phase accuract section above, if the sTTI power control in case of DMRS sharing is done in the digital domain, the accuracy will be very good as no PA or analog TX gain mode switching would happen in this case. However if digital BB handles the power change between the sTTI’s, the UE most likely needs to look ahead to sTTI#2 when setting the analog gain stages and the power change cannot be very large.
2.2
Bandwidth change

Bandwidth change can be considered in this context to be very similar scenario as power change. If PSD of sTTI#1 and sTTI#2 is the same but bandwidth is doubled then the power change is 3 dB. As an extreme case changing the bandwidth from 1 RB to 100 RB corresponds as 20 dB power change if PSD is the same. Hence phase error and amplitude error are the sources of sPUSCH demodulation error and the analysis of the magniture of the errors in previous chapter holds for this scenario as well. 
2.3
Non-contiguous allocation of DMRS and data symbols

In this scenario as presented in Figure 1 there is a gap in transmission between the DMRS and sTTI#2 data symbols. From UE requirements point of view UE needs to ramp the power down after the DMRS within the transient period which may be shortened for sTTI from the 20 us that is applied for normal E-UTRA [3]. Then after the transient period UE needs to satisfy the OFF power requirement of –50 dBm transmission power. For UE to be able to do this it needs to shut down the power amplifier but other circuitry can be kept running. The fact that other circuitry than PA can be kept running ensures that phase accuracy should be kept as LO is running unless there is a power change involved after the gap in which case error assesment in chapter 2.1 is valid. Keeping the other circuitry running has of course negative impact on power consumption thus some other functions in addition to PA may be power down during the gap if those do not affect LO operation. However the gaps resulting from sharing of DMRS are not very long only a couple of symbols (~150us) can be assumed hence the negative impact to power consumption may be tolerable especially as the PA is not running.

Amplitude accuracy might cause some issues to demodulation performance as even in case there is no intentional power change commanded by eNodeB after the gap for data symbols, current relative power tolerance specification allows ± 2.5 dB error for amplitude. Futhermore this amplitude error also means some phase error as discussed in chapter 2.1. However in reality UE’s most likely perform much better than ± 2.5 dB as no frequency change is involved and the gap is very short. Effect of PA cooling during the gap to gain after the gap might have some effect but the gaps are very short so impact should be minor.
3
Conclusion

4
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