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1 Introduction
The new work item processing Shortened TTI and processing time was approved at RAN#74 [1]. 

RAN1 sent an LS ([2]) to RAN4 to evaluate RF impacts related to several sPUSCH design options. Specifically, the following aspects have been identified in case a UE transmits DMRS symbol(s) and associated data symbol(s):

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
This contribution further discusses the listed options and evaluates associated impacts. A LS response is also proposed in another contribution ([3]).
2 Discussion 
When reducing the transmission time from one subframe to 2-symbol, 4-symbol (which is out now) or slot-based duration the overhead from reference symbols is generally increased with the shorter transmission time. To solve this, several proposals have been done in RAN1 who requested RAN4 to evaluate associated RF and demodulations performances impacts.
2.1 Shared DMRS
The first 2 proposals are based on sharing the same DMRS symbol over 2 consecutive sTTIs, overlaping so DMRS in time between users as shown on Figure 1.
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Figure 1: Shared DMRS symbols

2.1.1 Output power difference
UE output power can potentially change in between sTTIs when transmitting the sPUSCH. 
When sharing DMRS symbol, if UE power is different in between both sTTIs, this would then mean:

· For one sTTI, DMRS and other symbol(s) would be transmitted with same power level.

· For the other sTTI, DMRS symbol would be transmitted with a certain power, and the other symbol(s) of that same sTTI would be trasmitted with another different power. 
Following Figure 2 illustrates such situation: UE transmitting during sTTI1 with P1 output power and during sTT2 with P2 output power, and here P1 > P2.
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Figure 2: Example of 2 consecutive sTTIs, sharing DMRS but transmitting at different output power P1 and P2, with P1 > P2.
If the UE has to change its output power in between 2 symbols from the same sTTI, that would impact current ON/OFF mask definition. Depending on the output power difference, a transient period (timing is currently specified equal to 20us) would most likely be needed. This would impact performances.
Considering demodulation aspects, when receiving DMRS and data symbols transmitted by the UE at different output power, the BS would have to evaluate channel quality for the data symbols based on DMRS symbol sent with a different power; BS would have then to compensate for the power was used over the data. Considering power accuracy ([4]) and other uncertainties, channel quality evaluation for those data (sent at different power) would not be reliable and might be a problem. Demodulation performances would then be largely impacted.

Moreover, many TX power requirements (e.g. configured transmitted power, output power dynamics, ...) have been specified over one TTI period and would most likely be over one sTTI period with sTTI feature introduction. Those requirements assume so that power would keep constant value over one TTI/sTTI period.,   

Conclusion 1: If DMRS symbol is shared over 2 consecutive sTTIs, the UE output power level should be the same.

2.1.2 Bandwidth difference
Similarly to previous use case with different output power in between consecutive sTTIs, bandwidth allocation could also change from one sTTI to the next. 
When sharing DMRS symbol, if bandwidth is different in between both sTTIs, this would then mean:

· For one sTTI, DMRS and other symbol(s) would be transmitted on same bandwidth.

· For the other sTTI, DMRS symbol would be transmitted on a certain bandwidth, and the other symbol(s) of that same sTTI would be transmitted on another different bandwidth. 
Changing bandwidth would have impact on signal PSD: if output power is supposed to remain the same in between those 2 consecutive sTTIs, signal PSD would then change as bandwidth is changing. That might have unexpected effect, e.g. A-MPR is specified assuming a constant allocation over one TTI (most likely also over  one sTTI). 
Considering demodulation aspects, when receiving DMRS and data symbols at different bandwidth, the BS would evaluate channel quality for data symbols from the DMRS symbol sent on a different bandwidth. BS would have then to evaluate somehow channel quality for the “missing” sub-carriers (if data bandwidth is bigger), or to select which DMRS sub-carriers to discard (if data bandwidth is smaller). Channel quality evaluation for those data would not be that reliable anymore. Demodulation performances would then be largely impacted.
Moreover, current RF requirements are specified over a contiguous bandwidth or sub-blocks (CA) that is fixed for the complete TTI period (and probably sTTI period as well). Those requirements don’t assume the number of scheduled RBs would change during one TTI period, where the same DMRS is used for demodulation; sPUCCH/sPUSCH bandwidth and corresponding DMRS bandwidth should most likely be the same then.
Conclusion 2: If DMRS symbol is shared over 2 consecutive sTTIs, the UE bandwidth allocation should be the same.

2.2 Non-contiguous DMRS and data symbols

With this 3rd option, DMRS is not shared over 2 consecutive sTTIs, but DMRS and data symbols are not allocated contiguously in time domain. In this case a DMRS is typically transmitted prior to the data symbol(s) with a fixed or variable gap between them. 
This gap period has not been specified by RAN1 and it might be so UE would go into sleep mode during that period. If so, phase coherency might not be kept then and that would largely impact BS demodulation performances. 

Following Figure 3 illustrates such situation: UE transmits data and DMRS symbols during sTTI1. It doesn’t have to transmit during a gap period and transmit data symbols during sTT2. The gap period might be long enough to justify UE to go in sleep mode.
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Figure 3: Example of 2 non-consecutive sTTIs sharing DMRS

To fix this potential issue and guaranty performances, we would need to introduce a new phase discontinuity requirement on the UE side and most likely a maximum time for this gap period. This new phase discontinuity requirement would represent the change in phase during a certain period. 
A possible definition of this new requirement could be the difference between the absolute phase used to calculate EVM before and after the gap period (in between sending the shared DMRS symbol and the first data symbol for that same connection).
To determine acceptable value for this new requirement, additional modelisations and simulations would be needed. An example of simulation assumptions is early proposed in annex for information, but they would have to be aligned with the assumptions taken for demodulations requirements (work to be started in Q3-17) to evaluate impacts; final value could not be determined before.
Conclusion 3: Further investigations are needed to evaluate potential impacts of non-contiguous DMRS and data symbols. A new phase discontinuity requirement should then be specified to guaranty performances in such circonstances.
3 Conclusion
In this contribution, we reviewed the 3 alternatives regarding DMRS design proposed by RAN1 ([2]). We analyzed potential impacts and proposed LS reponse ([3]) which contain following answers:
· If DMRS symbol is shared over 2 consecutive sTTIs, the UE output power level should be the same level.

· If DMRS symbol is shared over 2 consecutive sTTIs, the UE bandwidth allocation should be the same.
· If DMRS and data symbols are sent non-contiguously, RAN4 should further investigate impacts and most likely specify a new UE requirement (phase discontinuity) to guaranty BS demodulation performances.
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5 Annex: Example of simulation assumptions to specify new phase discontinuity requirement.
Example of simulation assumptions for sPUSCH and phase discontinuity simulations.
The FRC should be the one that will be specified for sPUSCH requirement when discussing sTTI demodulation requirements; FRC is set then to “to be defined” in following table.
	Number of TX antennas
	Number of RX antennas
	Bandwidth
	Propagation conditions a and correlation matrix 
	FRC

	Fraction of maximum throughput
	Phase shift

(deg over X symbols gap)

	1
	2
	5 MHz
	EVA 5Hz Low
	Tbd
	30%
	[10, 15, …]

	
	
	
	
	
	70%
	[10, 15, …]

	
	
	
	EVA 70Hz Low
	Tbd
	30%
	[10, 15, …]

	
	
	
	
	
	70%
	[10, 15, …]

	
	
	
	ETU 300Hz* Low
	Tbd
	30%
	[10, 15, …]

	
	
	
	
	
	70%
	[10, 15, …]

	1
	2
	10 MHz
	EVA 5Hz Low
	Tbd
	30%
	[10, 15, …]

	
	
	
	
	
	70%
	[10, 15, …]

	
	
	
	EVA 70Hz Low
	Tbd
	30%
	[10, 15, …]

	
	
	
	
	
	70%
	[10, 15, …]

	
	
	
	ETU 300Hz* Low
	Tbd
	30%
	[10, 15, …]

	
	
	
	
	
	70%
	[10, 15, …]
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