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1 Introduction
In RAN #72 meeting, a new work item [1] on shortened TTI and processing time for LTE was approved. The main objective of this WI is to specify shortened TTI operation and shortened processing time for both legacy (1ms) TTI and shortened TTI. In this contribution, we discuss some issues regarding to the power headroom reporting (PHR) for shortened TTI operation. 
2 Discussion
The main object to have this WI is to provide better latency than previous generations of 3GPP RATs in order to satisfy the quality of experience for today's delay-sensitive real-time applications like gaming, voice or video telephony/conferencing, and allow addressing new future use cases such as critical MTC applications in a better way. In addition, according to the WID [1], the specified solution for shortened TTI operation should cover the case of carrier aggregation and non-carrier aggregation scenarios. Therefore, we evaluate possible impact regarding to the power headroom reporting (PHR) when a UE is configured with multiple serving cells and different TTI lengths are configured for these serving cells. 
As show in Figure 1, a UE is configured with two serving cells, the serving cell#1 is configured with normal TTI length (i.e., 1ms) and serving cell#2 is configured with shortened TTI length (i.e., 0.5ms). According to this figure, a UE is scheduled by the eNB to transmit PUSCH#1 on serving cell#1. Meanwhile, sPUSCH#1 and sPUSCH#2 are scheduled to be transmitted by the UE on serving cell#2. When the PHR is require to be transmitted within this period, according to current specification, it is up to UE implementation to decide in which PUSCH a PHR is included when multiple PUSCHs are scheduled to be transmitted simultaneously. If UE decide to transmit PHR via sPUSCH#1 the resource reserved for low latency application may be impacted. On the other hand, because sPUSCH#1 and sPUSCH#2 are scheduled with different transmission power, how to determine the PHR of serving cell#2 is a problem if the PHR is included in PUSCH#1. 
Observation: Power headroom reporting issue should be studied if carrier aggregation scenario is considered in shortened TTI operation.
If a predetermined shortened TTI index (e.g., first shortened TTI index of a normal TTI) is utilized to determine the PHR of serving cell#2, the reporting may not be always available due to eNB scheduling. Otherwise, UE can determine the PHR of serving cell#2 by using the first scheduled sPUSCH (e.g., sPUSCH#1). One problem that needs to be considered is the miss detection of uplink grants. The UE may calculate the PHR of serving cell#2 according to the sPUSCH#2 when the uplink grant DCI for sPSCH#1 is missed. However, this problem may not need specified solutions if a reasonable detection performance can be handled by eNB. Moreover, it also can be overcomed by eNB implementation, e.g. blindly detect the receive power. Another solution could be considered is to separate the PHR for different TTI group, for example, PHR can only contain a group of serving cell(s) scheduled with the same TTI. In this case, UE can transmit PHR for serving cell #1 via PUSCH#1 and transmit PHR for serving cell#2 via sPUSCH#2. And the PHR for serving cell#2 is determined by PCMAX,2 and Ps2.

[image: image1.emf]TX power P

1

 for PUSCH#1

TX power P

s1

for sPUSCH#1

TX power P

s2

 

for sPUSCH#2

P

s2

Normal TTI (1ms)

Serving cell#1 

è

 

Serving cell#2 

è

 

P

CMAX,1

P

CMAX,2

Power headroom

Power 

headroom

Power 

headroom

Shortened TTI 

(0.5ms)

P

1

P

s1


Figure 1: Power reporting for shortened TTI operation.
Proposal: Consider following solutions to overcome the problem of PHR in sTTI operation:
· Employ first scheduled sPUSCH/sPUCCH for calculating the power headroom if PHR is scheduled to be transmitted by PUSCH in the same time.
· PHR only contain a group of serving cell(s) scheduled with the same TTI.
3 Conclusion

Based on our discussions, we have the following proposal:
Proposal: Consider following solutions to overcome the problem of PHR in sTTI operation:

· Employ first scheduled sPUSCH/sPUCCH for calculating the power headroom if PHR is scheduled to be transmitted by PUSCH in the same uplink subframe.
· PHR only contain a group of serving cell(s) scheduled with the same TTI.
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