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1 Introduction

In the new WI on Short TTI and reduced processing [1] the (selected) detailed objectives are set to be:

For Frame structure type 1: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 

· Down-selection is not precluded

For Frame structure type 2: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH

In this contribution, we discuss UL power-related aspects due to shorter TTI length in UL.

2 Discussion
2.1 UL Power control

Power Control methodology for sPUSCH and sPUCCH for sTTI is described in this section.
2.1.1 Power Control for sPUSCH
Power control for PUSCH is defined in [2] as, for subframe i and serving cell c,
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where,

· 
[image: image2.wmf])

(

ˆ

c

CMAX,

i

P

 is the maximum transmit power in linear scale.
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 is the power of simultaneously transmitted PUCCH in linear scale, is equal to zero if no PUCCH is transmitted.
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 is the target of received power signalled to the UE over RRC.
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 is the scaled downlink path loss estimate, with 
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 signalled to the UE over RRC.
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 is an adjustment factor depending on number of coded bits that is exactly specified in [2].
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 is the closed loop power control derived from what is signalled to the UE in the UL grant.
During the study item, numerous link level evaluations were performed for sPUSCH. Assuming a fixed allocated bandwidth for all TTI lengths and that the TBS is scaled linearly with the TTI length, a comparison of performance between PUSCH and sPUSCH available in Section 5.2.1 of [3] indicates that 10% BLER is achieved at a similar SNR for sPUSCH and PUSCH. This means that using the same target received power level for sPUSCH as for PUSCH leads to similar sPUSCH and PUSCH performance.
Observation 1: 
PUSCH and sPUSCH have very close performance assuming a fixed allocated bandwidth and a linearly scaled TBS with the TTI length.

As a consequence, sPUSCH can be power controlled in the same way as PUSCH. The following equation shows how the power control for sPUSCH transmission in short TTI i would look like if a UE is not power limited. The power control parameters configured over RRC for PUSCH can be reused for sPUSCH. This means that the parameters 
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 configured over RRC for PUSCH transmission are applied in the power control equation for sPUSCH according to 
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Proposal 1:    
sPUSCH should be power controlled in the same way as PUSCH, with the same parameters configured over RRC.

Regarding the closed loop parameter 
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 that is calculated based on TPC information 
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 contained in the UL grant for 1ms TTI there can be a benefit to signal it in each UL grant for sTTI so as to be able to faster correct the UE power and converge to the appropriate value. 
Proposal 2:    
TPC information used to update the closed loop component of the UL power control, 
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, is included in the UL grant of UL sTTI.
Two methods exist today to calculate 
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: accumulation activated or not activated. If accumulation is not activated,  
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 follows directly the value of 
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 indicated in the UL grant. This method can be easily extended for the case of sTTI. If accumulation is activated, 
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is updated according to 
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 in the UL grant and its previous value 
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 represents the delay between the UL grant and the UL data transmission (Tx). 
With 
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 included in the UL grant for sTTI, the accumulation happens more frequently than on a millisecond basis. The UE power thus converges faster to the intended value which is beneficial. 
As recommended in [4], short TTI UEs can be scheduled dynamically with a subframe to subframe granularity with PUSCH and/or sPUSCH. Since the accumulation-based method makes 
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dependent of its previous value 
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, it should be considered whether the calculation of 
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 for a 1ms UL TTI that follows immediately a UL sTTI should be based on the 
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value used for this UL sTTI and vice-versa. In other words, should 1ms UL TTI and UL sTTI share the same parameter for the closed loop correction 
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?
Separate closed loop correction between different TTI lengths is an alternative. However, if the UL power control equation of PUSCH is reused for sPUSCH with the same RRC configured parameters, there is no reason to have separate closed loop components 
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one valid for 1ms TTI and another valid for short TTI. In fact, with a common closed loop component 
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for both 1ms UL TTI and UL sTTI, the power used for 1ms TTI can benefit from the faster convergence of 
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to the most appropriate value due to UL sTTI usage. 

Proposal 3:    
A shared closed loop component 
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is used for UL power control of 1ms TTI and sTTI.
2.1.2 Power Control for sPUCCH
Power control for PUCCH is defined in [2] as, for subframe i and serving cell c,
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for PUCCH format 1/1a/1b/2/2a/2b/3 and
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for PUCCH format 4/5,
where

· 
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 is the maximum transmit power.
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 is the target of received power.
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 is the downlink path loss estimate.
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 is a PUCCH format dependent value that reflects cases with larger payload.
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 is the number of resource blocks for PUCCH format 5, equals 1 for all other formats.
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 is a relation in dB between PUCCH format F and PUCCH format 1a.
· 
[image: image42.wmf])

(

,

i

c

TF

D

 is an adjustment factor depending on number of coded bits that is exactly specified in [2]. 
· 
[image: image43.wmf])

'

(

F

TxD

D

 depends on the number of antenna ports configured for PUCCH.
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 is the closed loop power control state and is updated using 
[image: image45.wmf]PUCCH

d

 signalled in the downlink assignment.
In principle a similar equation can be used for sPUCCH power control. There has not been much progress on sPUCCH. The number and the type of sPUCCH formats needed are still open. So, only high level considerations on power control for sPUCCH can be made at this stage. There will be at least one format of sPUCCH defined for each supported UL TTI length. The current UL TTI lengths under discussion are 2, 4 and 7 SC-FDMA symbols. Link level simulations [5] performed during the study item highlight that independently of the selected sPUCCH format(s) a larger SNR is required for sPUCCH compared to PUCCH in order to reach similar performance in terms of ACK missed detection probability, NACK-to-ACK error probability, DTX-to-ACK probability. The shorter sPUCCH is the larger is the performance gap with PUCCH. So, the sPUCCH power control can be based on an equation similar to the PUCCH power control equation but it needs to address this performance gap for UEs that are not power-limited. The closed loop state, 
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, for PUCCH is derived from the TPC information 
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 signalled in the downlink assignment for 1ms TTI. For fast closed loop power control of sPUCCH it would be convenient to also signal 
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 for sPUCCH in the downlink assignment for sTTI. The most natural way is to capture the performance difference in 
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 that is signalled from higher layers. Additionally, 
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 needs to be defined for new formats. The parameter 
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 obviously only need to be modified based on if some PUCCH format like PUCCH format 4 and 5 are supported for sTTI operation.
2.1.3 Power Prioritization

Power prioritization for 1ms TTI is defined in [2]. For power prioritization within each different sTTI length the same prioritization as for 1ms TTI should be reused.
Proposal 4:    
The power prioritization within each different sTTI length shall be the same as for 1ms TTI.
Since sTTI is used to reduce latency it is also natural to prioritize sTTI over 1ms TTI since that will to the furthest extent make sure that latency critical sTTI transmissions are carried out as soon as possible.

Proposal 5:    
With respect to power, sTTI shall be prioritized over 1ms TTI.
Prioritizing sTTI transmissions over 1ms TTI transmissions could potentially ruin the 1ms TTI transmission if the sTTI transmission is scheduled in the same subframe as the 1ms TTI transmission and the UE is power limited. Because of this, if the UE is power limited it shall not use multiple carriers together with sTTI.
2.2 Power Headroom Report
There are two different types of power headroom reports defined in [2]. Type1 assumes PUSCH only transmission and type2 assumes PUSCH and PUCCH transmission. The power headroom is in both cases defined, per subframe and carrier, as 
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The “maximum allowed power” is the configured maximum power. The “estimated desired power” is the ideal power to use for the current modulation, coding scheme, channel, etc. as defined in [2], assuming no restrictions in transmit power. As per definition, the power headroom can become negative if the UE is power limited. The power headroom report is transmitted by the UE together with the message, the report is triggered in the uplink grant.
The current definition of power headroom naturally applies also to sTTI using the estimated desired power discussed in Section 2.1.1 and Section 2.1.2. 
Proposal 6:    
The power headroom report if transmitted in sTTI or for an sTTI shall be based on sTTI transmission of that specific sTTI length using the same principle as the 1 ms TTI.
2.3 UL power mask

As the ON/OFF periods in UL will be shorter due to the shorter UL TTI lengths, the ON/OFF and OFF/ON transient periods will be noticeable. In [6], these transient periods are defined to each be below 40 µs, where in typically if we have back-to-back transmission there is 20µs in the end and the beginning of the transmission. This would than correspond to 4% of the subframe length. In practice due to the 20 µs ON/OFF transient period the SC-FDMA symbols preceding and following an UL transmission are not easily usable, see Figure 1. With 2 symbols TTI length, 1/7 of the original, each 40 µs period is now about 28% of the TTI length. As implementations typically perform significantly better than the 40 µs requirement, the ON/OFF time masks should be tightened to improve the short TTI transmission. This issue is under RAN4 responsibility. RAN1 should inform RAN4 about it and ask for a feasible range of reduced ON/OFF transient periods for sTTI operation and that it is beneficial to tighten the current ON/OFF time mask.
Proposal 7: 
Send the LS in [7] to RAN4 
[image: image54.png]l_l_ Power ripple

T 9T

subframe sTTl messages




Figure 1: Illustration of 40 µs transient periods between messages for sTTI.

3 Conclusion

In section 2 we made the following observations:
Observation 1: 
PUSCH and sPUSCH have very close performance assuming a fixed allocated bandwidth and a linearly scaled TBS with the TTI length.
Observation 2: 
Absolute ON/OFF time masks may be tightened for short TTI lengths.

Based on the discussion in section 2 we propose the following: 

Proposal 1:    
sPUSCH should be power controlled in the same way as PUSCH, with the same parameters configured over RRC.
Proposal 2:    
TPC information used to update the closed loop component of the UL power control, 
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, is included in the UL grant of UL sTTI.

Proposal 3:    
A shared closed loop component 
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is used for UL power control of 1ms TTI and sTTI.

Proposal 4:    
The power prioritization within each different sTTI length shall be the same as for 1ms TTI.
Proposal 5:    
With respect to power, sTTI shall be prioritized over 1ms TTI.
Proposal 6:    
The power headroom report if transmitted in sTTI or for an sTTI shall be based on sTTI transmission of that specific sTTI length using the same principle as the 1 ms TTI.
Proposal 7: 
Send the LS in R1-10338 to RAN4
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