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Discussion
1. Introduction

In RAN#72, a WID of Multi-carrier Enhancements for UMTS was agreed [1]. When the new configurations for dual carrier are introduced, the power scaling rules had been discussed in RAN1#86 and RAN1#86bis meeting. It was agreed that the legacy power scaling rules would be reused for DB-DC/DC 10ms+10ms TTI configuration [2]. This contribution will further discuss on power scaling rules for DB-DC/DC 2ms+10ms TTI configuration.
2. Discussion
2.1 Background
It is specified in TS 25.214 [3] that when the total UE transmit power exceeds the maximum allowed value, the UE shall reduce the transmission power.

According to [4], the power scaling for dual carriers can be performed as follows:
· The UE shall start by reducing all the E-DPDCH gains factors on the frequency with highest DPCCH power;

· The UE shall then reduce all the E-DPDCH gains factors on the frequency with second highest DPCCH power;

· In case a DPDCH is transmitted, the UE shall DTX E-DPDCH/E-DPCCH and CQI field of HS-DPCCH.
· Additional scaling (Scaling all the channels equally).

The current power scaling rule can be applied for all the configurations with the same TTI combination, i.e. DB-DC/DC 2ms+2ms TTI and 10ms+10ms TTI configurations. The remaining issue is the different TTI combination, i.e. DB-DC/DC 2ms+10ms TTI configurations.
2.2 Power scaling for DB-DC/DC 2ms+10ms TTI
In DB-DC case, there would be as much as 7.2 dB path loss difference between 900MHz band and 2GHz band [5]. More DPCCH power may be needed for 2GHz band because of the larger path loss. So, E-DCH power on 2GHz band would be scaled first when the total UE transmit power exceeds the maximum allowed value. 
In DC case, the two carriers are deployed within the same band and the path loss on each carrier is similar. According to the evaluation results in study item stage, 2ms EUL TTI configuration needs 1~2 dB more power for the UL DPCCH channel as compared to the 10ms EUL TTI to achieve the same data rate [5]. When the UE transmission power exceeds the maximum allowed value, 2ms TTI E-DCH will be chosen for power scaling first as the DPCCH power on the 2ms TTI is higher.
However, scaling 2ms TTI E-DCH would be brought more loss than scaling 10ms TTI E-DCH. This is because the impact would be similar when the power scaling is performed in between 5 slots for 10ms TTI E-DCH and 1 slot for 2ms TTI E-DCH. As the power scaling is only performed in one or several slot(s) within a subframe/frame, the loss of energy is more for 2ms TTI for a given transmission block. On the other hand, a higher interleaving gain can be achieved for 10ms TTI because interleaving is applied to the 15-slot interval. Therefore, the throughput loss caused by power scaling for 2ms TTI is higher than that for 10ms TTI. 
Some evaluations for DC case are provided in Table 1. For example, when the two carrier have the transmission power 21.78dBm (2ms TTI) and 17.78dBm (10ms), the total power exceeds the maximum power and would be scaled about 0.24dB. Assuming the distance between the UE and the NodeB to be 0.13km, the received Ec/N0 on the two carrier would be -1dB and -5dB in 2.1GHz band. If the power on 10ms TTI carrier is scaled, the received Ec/N0 will be scaled from-5dB to -6dB; if the power on 2ms TTI carrier is scaled, the received Ec/N0 will be scaled from -1.4dB to -6dB. The throughput can be achieved according to Figure 7.2.1.1-1 in TS25.707 [5]. It can be observed that the total throughput for the former is higher than that for the latter. Based on the evaluation, when the different TTIs are configured for dual carrier, the power on 10ms TTI E-DCH can be scaled down first considering the advantage of 10ms TTI.
Table 1: Evaluations on power scaling for DC 2ms+10ms TTI configuration

	Distance
	Notes
	Tx_2ms
dBm
	Tx_10ms
dBm
	Ec/N0_2ms
dB
	Ec/N0_10ms
dB
	Total Tput
bps
	Gain of new rule over legacy rule

	0.13km
	0.24dBm to be scaled down
	21.78
	17.78
	-1
	-5
	-
	-

	
	New rule
	21.78
	16.78
	-1
	-6
	3200
	1.50%

	
	Legacy rule
	21.38
	17.78
	-1.4
	-5
	3150
	-

	0.14km
	0.75dBm to be scaled down
	21.99
	18.99
	-2
	-5
	-
	-

	
	New rule
	21.99
	15.99
	-2
	-8
	2550
	2%

	
	Legacy rule
	20.49
	18.99
	-3.5
	-5
	2500
	-


Observation 1: In DB DC case, E-DCH power on 2GHz band would be scaled first when the total UE transmit power exceeds the maximum allowed value.
Observation 2: In DC case, throughput gains of about 1.5%~2% can be achieved when the power on 10ms TTI E-DCH can be scaled down first.
3. Conclusion
In this contribution, power scaling for 2ms+10ms TTI configuration is discussed. It is observed that:
Observation 1: In DB DC case, E-DCH power on 2GHz band would be scaled first when the total UE transmit power exceeds the maximum allowed value.
Observation 2: In DC case, throughput gains of about 1.5%~2% can be achieved when the power on 10ms TTI E-DCH can be scaled down first.
References
[1] RP-161259, New work item proposal: Multi-carrier enhancements for UMTS, Huawei, HiSilicon
[2] Chairman’s Notes RAN1_86

[3] 3GPP TS 25.214 v13.3.1, Physical layer procedure(FDD)
[4] R1-168031, 25.214 CR (Rel-13, F) Correction of Dual Carrier HSUPA enhancements for UTRAN CS, Huawei, HiSilicon, Ericsson
[5] 3GPP TR 25.707 v1.0.1, Multi-Carrier enhancements for UMTS
