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1 Introduction
The new work item processing time reduction and Shorten TTI was approved for the support of massive number of devices in narrow bandwidth [1]. 

During last RAN4#81 meeting, a work plan [2] and a way forward [3] related to BS RF requirements has been agreed.

In this contribution we further discussed the open items listed in the WF.

2 Discussion 
2.1 Output power dynamics
This item was left open from last meeting, and more specifically the RE power control dynamic aspects, assuming RAN1 might request for DL coverage improvement.
It looks like no such improvement is needed, DL coverage looks not to be of concern. There is no need to investigate new RE power control dynamic range values, existing ones could be reused for the new sTTI channels then (sPDCCH and sPDSCH). Table 6.3.1.1-1 in TS 36.104 would be updated accordingly.
Table 6.3.1.1-1 E-UTRA BS RE power control dynamic range

	Modulation scheme used on the RE
	RE power control dynamic range (dB)

	
	 (down)
	 (up)

	QPSK (PDCCH)
	-6
	+4

	QPSK (PDSCH)
	-6
	+3

	QPSK (sPDCCH)
	-6
	+4

	QPSK (sPDSCH)
	-6
	+3

	16QAM (PDSCH)
	-3
	+3

	16QAM (sPDSCH)
	-3
	+3

	64QAM (PDSCH)
	0
	0

	64QAM (sPDSCH)
	0
	0

	256QAM (PDSCH)
	0
	0

	NOTE 1: 
The output power per carrier shall always be less or equal to the maximum output power of the base station.


Proposal 1: Reuse legacy E-UTRA RE power control dynamic range values for PDSCH and PDCCH to specify RE power control dynamic range values for the new sTTI channels sPDSCH and sPDCCH.

2.2 Transmitted signal quality
2.2.1 Frequency error 

2.2.1.1 Current specification
The frequency error is the measure of the difference between the actual BS transmit frequency and the assigned frequency. For E-UTRA, the modulated carrier frequency of each E-UTRA carrier configured by the BS shall be accurate to within the accuracy range given in Table 6.5.1-1 observed over a period of one subframe (1ms).
Table 6.5.1-1:  Frequency error minimum requirement

	BS class
	Accuracy

	Wide Area BS
	±0.05 ppm

	Medium Range BS
	±0.1 ppm

	Local Area BS
	±0.1 ppm

	Home BS
	±0.25 ppm


Note also that the frequency error test is done together with EVM’s one.
2.2.1.2 sTTI impact

When introducing sTTI feature, we might want to evaluate frequency error over one sTTI period (2 or 7 symbols, instead of 14 symbols). 

Nevertheless, the specified accuracy values (table 6.5.1-1) shall still be considered over 1 ms period. Considering those same values over a shorter period would relax the frequency error requirement, e.g. ±0.05 ppm over 1ms is more stringent than ±0.05 ppm over 0.143 ms (2 symbols).
This means existing frequency error minimum requirements should be kept as is: accuracy values in table 6.5.1-1 should then be observed over a period of 1 ms, not less.
Moreover, even if BS is supporting shorten TTI feature, it should still support legacy TTI of 1 ms. A BS supporting sTTI feature should then still support existing frequency error requirement and pass related test procedure specified in TS 36.141.

Considering the frequency error requirement is more stringent for 1 ms, the proposal would be to not specify any new requirement for shorter TTI, neither change existing tests procedure specified over 1 ms.

Proposal 2:  Frequency error requirement (and test procedure) should not be updated when introducing shorten TTI feature. Current E-UTRA requirement would apply as specified in clause of TS 36.104.
2.2.2 EVM

2.2.2.1 Current specification
The Error Vector Magnitude is a measure of the difference between the ideal symbols and the measured symbols after the equalization. This difference is called the error vector.
The EVM requirements are depending on the modulations scheme used on PDSCH and specified in table 6.5.2-1.

Table 6.5.2-1: EVM requirements for E-UTRA carrier
	Modulation scheme for PDSCH
	Required EVM [%]

	QPSK
	17.5 %

	16QAM
	12.5 %

	64QAM
	8 %

	256QAM
	3.5 %


EVM measurements are averaged over a period of 10 ms.

The basic period for EVM measurement is 1 ms. One EVM value is associated to 12 subcarriers and 1 subframe.

2.2.2.2 sTTI impact

While introducing shorten TTI feature, EVM requirements should be not be relaxed, neither made more stringent.
Proposal is so to keep existing EVM requirements specified in table 6.5.2-1 and keep averaging EVM measurements over a period of 10 ms.
The 10 ms period to average all EVM requirements has been laregely discussed when specifying EVM requirement for LTE (e.g. [4] and [5]). It should be kept to 10 ms to guaranty measurements’ stability.

Regarding EVM measurement, for E-UTRA, each measurement  is done so over 1ms (and 180 kHz), which also means 168 resource elements. Actually, fewer REs are considered as EVM is only measured on REs corresponding to PDSCH channel. 
It’s very important to keep EVM measurement accuracy and make sure each measurement value won’t be too noisy, so that EVM averaging would still be accurate.
With shorten TTI feature, one might consider doing one EVM measurement over one sTTI period, e.g. 2 symbols. But by doing so, we would only consider then 2 * 12 = 24 Resource Elements, from which we should also remove the REs which are not allocated to the sPDSCH channel (e.g. DMRS symbols). This would end up with really too little number of considered REs to get an accurate EVM measurement value.
From the numerous investigations made when specifying EVM requirement for E-UTRA (and associated measurement procedures), increasing the number of sub-carriers  won’t really help improving measurement accuracy over the same period, while increasing the measurement time would do so.
The only possibility would then be to increase the measurement period up to 1 ms, over several consecutive sTTI periods then (7 sTTIs for 2 symbols, 2 sTTIs for 7 symbols). This would be then very similar to existing EVM measurement procedure. 2 alternatives might still be considered: testing EVM with consecutive sTTIs over same periods (1 ms)  as currently specified or only test EVM for 1 ms TTI.
Proposal 3: EVM requirement (including measurement procedure and accuracy) should not be updated when introducing shorten TTI feature. Current E-UTRA requirement would apply as specified in clause and annex F of TS 36.104. EVM measurements should be made over 1 ms period (and 180kHz), and averaged over 10ms.
2 proposed alternatives:

Alternative 4a: EVM measurements would be done over 1 ms period considering consecuritve shorten TTI scheduling for all REs including in this 1 ms period. New test models for each sTTI would be specified in TS 36.141.
Aternative 4b: No special consideration of shorten TTI scheduling when measuring EVM. Existing procedures described in Annex F (TS 36.104) are kept as is.
2.2.3 Time alignment and DL RS power

The time alignement requirements are not expected to be impacted by the introduction of shorten TTI feature.
As mentioned during last meeting ([6]), DL RS power requirement should not be updated either.
Proposal 5: When introducing new shorten TTI feature, no impact is expected on time alignment, nor DL RS power rquirements.
3 Conclusion
In this contribution we further investigated BS RF requirements impacts when introducing new shorten TTI feature (2 symbols only):
· Output power dynamics:

Proposal 1: Reuse legacy E-UTRA RE power control dynamic range values for PDSCH and PDCCH to specify RE power control dynamic range values for the new sTTI channels sPDSCH and sPDCCH.
· Frequency error:

Proposal 2:  Frequency error requirement (and test procedure) should not be updated when introducing shorten TTI feature. Current E-UTRA requirement would apply as specified in clause of TS 36.104.

· EVM

Proposal 3: EVM requirement (including measurement procedure and accuracy) should not be updated when introducing shorten TTI feature. Current E-UTRA requirement would apply as specified in clause and annex F of TS 36.104. EVM measurements should be made over 1 ms period (and 180kHz), and averaged over 10ms.


With 2 additional alternatives, one to be selected:
Alternative 4a: EVM measurements would be done over 1 ms period considering consecutive shorten TTI scheduling for all REs including in this 1 ms period. New test models for each sTTI would be specified in TS 36.141.
Aternative 4b: No special consideration of shorten TTI scheduling when measuring EVM. Existing procedures described in Annex F (TS 36.104) are kept as is.

· Time alignment and DL RS power 
Proposal 5: When introducing new shorten TTI feature, no impact is expected on time alignment, nor DL RS power rquirements.
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