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1 Introduction
In RAN #72 the Study Item entitled “Multi carrier enhancements for UMTS” was officially closed, leading to the approval of its corresponding Work Item (WI) [1]. The WI on “Multicarrier Enhancements for UMTS” refers to the possibility of configuring 10ms TTI on one or both uplink carrier frequencies for DC-HSUPA and DB-DC-HSUPA scenarios. From the Work Item Description, the following objectives can be read [1]:

1. Specify new configurations: 2ms+10ms and 10ms+10ms TTI, for DC-HSUPA and DB-DC-HSUPA scenarios.
2. Specify support for the basic functionality, e.g., only support for RRC based (re)configuration.
This contribution is intended to discuss how the power allocation can be handled in (DB-DC)/DC-HSUPA when in addition to the existing 2ms TTI based configuration, a 10ms TTI based configuration could be used on both uplink carrier frequencies, or when a mixed TTI configuration (either 2ms+10ms or 10ms+2ms) be used in UL Multicarrier scenarios.
2 Background on UL Multicarrier Scenarios
Prior to this work item, the UMTS standard allows to configure a Transmission Time Interval (TTI) equal to 2ms or 10ms for single carrier HSUPA. However, it only allows to configure a TTI length equal to 2ms on both carriers for (DB-DC)/DC-HSUPA. Nonetheless and continuing with the evolution of the UMTS standard, the Rel-14 multicarrier enhancement work item will open the possibility of configuring 10ms TTI on one or both uplink carrier frequencies in (DB-DC)/DC-HSUPA scenarios [1].
Enabling different TTI configuration per carrier in (DB-DC)/DC-HSUPA opens the possibility of having a variety of scenarios. For example, a mixed TTI configuration in UL Multicarrier which will lead to have different coverage/throughput trade-offs mainly at intermediate path loss ratios as compared to the legacy performance [2]. 
In addition, having a mixed TTI configuration for uplink (UL) Multicarrier or 10ms TTI configured on both uplink carrier frequencies will have some side effects on some procedures/functionalities and requirements that today only account for multicarrier uplink transmissions to be performed on a 2ms TTI basis. For example, prior Rel-14 the standard says that the power allocation in UL Multicarrier has to be performed at the TTI boundary, however upon the completion of Rel-14 the uplink carrier frequencies may be configured with different TTIs, and in that case there will be two different TTI boundaries making unclear how the power allocation should be handled in those scenarios.
According to the UMTS standard the power allocation Pi to a frequency i for scheduled data transmission, is calculated as follows [3]:
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Where Premaining,s is the remaining power for scheduled transmissions once the power for non-scheduled transmissions has been taken into account, PDPCCH,target,i is the filtered DPCCH power defined in [4], and SGi is the Serving Grant on frequency i.

The UMTS standard also provides an exact definition for Premaining,s, which is defined as follows [4]:

When the UE has more than one Activated Uplink Frequency, the UE shall estimate the remaining power which is available to be allocated to scheduled E-DCH transmissions on all Activated Uplink Frequencies. The total available power for scheduled E-DCH transmissions is defined by:

Premaining,s=max(PMax  - Σi PDPCCH,target,i - PHS-DPCCH - PDPDCH - Pnon-SG, 0)

Where

-
PMax represents the Maximum UE Transmitter power, as defined in Section 6.5 in [7].

-
PDPCCH,i(t) represents a slotwise estimate of the current UE DPCCH power for carrier with index i (i=0,1) at time t.  If at time t, the UE is transmitting a compressed mode frame then PDPCCH,comp,i(t) = PDPCCH,i(t) × (Npilot,C/ Npilot,N) else PDPCCH,comp,i(t) = PDPCCH,i(t). If the UE is not transmitting uplink DPCCH on the Activated Uplink Frequency i during the slot at time t, either due to compressed mode gaps or when discontinuous uplink DPCCH transmission operation is enabled then the power shall not contribute to the filtered result.  Samples of PDPCCH,comp,i(t) shall be filtered using a filter period of 3 slotwise estimates of PDPCCH,comp,i(t).  The accuracy of the PDPCCH,i estimate shall be at least that specified in table 6.0A in [4]. 


If the target E-DCH TTI for which the remaining power margin (RPM) is being evaluated does not correspond to a compressed mode frame then PDPCCH,target,i = PDPCCH,filtered,i.


If the target E-DCH TTI for which RPM is being evaluated corresponds to a compressed mode frame then PDPCCH,target,i = PDPCCH,filtered,i× (Npilot,N/ Npilot,C). Npilot,N and Npilot,C are numbers of pilot symbols as defined in [5].

-
PHS-DPCCH represents the estimated HS-DPCCH transmit power and shall be calculated based on the estimated Primary Activated Frequency DPCCH power, and the greatest HS-DPCCH gain factor. If two HS-DPCCHs are transmitted, PHS-DPCCH is the maximum combined estimated transmit power from both HS-DPCCHs. Rules for calculating the HS-DPCCH gain factors from the most recent signalled ∆ACK, ∆NACK and ∆CQI  according to the specific multicarrier and MIMO configuration and activation status of the secondary HS-DSCH serving cells are defined in subclause 5.1.2.5A in [5].

-
PDPDCH represents estimated DPDCH transmit power on Primary Activated Frequency based on PDPDCH,target and the gain factors from the TFC selection that has already been made. If the target E-DCH TTI for which the normalized NRM for E-TFC candidate j (NRPMj) is being evaluated corresponds to a compressed mode frame then the modification to the gain factors which occur due to compressed mode shall be included in the estimate of PDPDCH.

-
Pnon-SG represents the power pre-allocated for non-scheduled transmissions for Primary Uplink Frequency, as defined by [6]. An estimate of the E-DPCCH power required for non-scheduled transmissions may be included in Pnon-SG .

The power allocation procedure described above is performed at each TTI boundary. However, upon the completion of the Rel-14 different TTI boundaries may coexist since it will possible to configure a 10ms TTI in one or both uplink carrier frequencies. TTI boundaries for 2ms TTI, and 10ms TTI are shown in Figure 1.
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Figure 1: Coexisting TTI boundaries for 2ms and 10ms TTI.

Due that different TTI configurations may coexist, the power allocation procedure has to be revised in order to make the standard compatible with the new (DB-DC)/DC-HSUPA scenarios that will be available after the completion of the 3GPP Rel-14.
3 Power Allocation in (DB-DC)/DC HSUPA including 10ms TTI and mixed TTI configurations
In order to be able to handle the power allocation of (DB-DC)/DC-HSUPA including 10ms TTI and Mixed TTI configurations, the following standard changes are proposed in order to keep standard impact to a minimum level:
(TS 25.321 [3])
When the TTIs configured on the uplink carrier frequencies are at a common TTI boundary, the power allocation to a frequency i, Pi, is calculated as:
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where Premaining,s is the remaining power for scheduled transmissions once the power for non-scheduled transmissions has been taken into account, PDPCCH,target,i is the filtered DPCCH power defined in [12], and SGi is the Serving Grant on frequency i.

When the TTIs configured on the uplink carrier frequencies are not at a common TTI boundary, the power allocation for the uplink carrier frequency i, Pi, configured with 2ms TTI is calculated as:
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where Premaining,s is the remaining power for scheduled transmissions once the power for non-scheduled transmissions has been taken into account.

(TS 25.133 [4])
If the TTIs configured on the uplink carrier frequencies are at a common TTI boundary, the total available power for scheduled E-DCH transmissions is defined by:

Premaining,s=max(PMax  - ∑i PDPCCH,target,i - PHS-DPCCH - PDPDCH - Pnon-SG, 0)

If the TTIs configured on the uplink carrier frequencies are not at a common TTI boundary and Activated Uplink Frequency k is configured with 10ms TTI, the total available power for scheduled E-DCH transmissions is defined by:

Premaining,s=max(PMax  - ∑i PDPCCH,target,i - PHS-DPCCH - PDPDCH - Pnon-SG – Pk, 0)
The power P_k may be taken to be the power that was determined in the last power allocation for carrier k. Alternatively, it can be more accurately estimated by using the current filtered power of the DPCCH and the power offset for the E-TFC of the transmission for the carrier k. Since the latter option would be more accurate, we propose to use this approach unless some disadvantages are identified.
The above means that when the configured TTIs on the uplink carrier frequencies are at a common TTI boundary (this encompassed not only a mixed TTI configuration, but also 2ms+2ms and 10ms+10ms), the power allocation should be performed as it is done prior to Rel-14. 
On the other hand, when the configured TTIs on the uplink carrier frequencies are not at a common TTI boundary (this refers to the mixed TTI configuration only), the power allocation for the carrier configured with 2ms TTI is updated at its not common TTI boundary, accounting for a reserved power associated to the carrier transmitting on a 10ms TTI basis which is updated only at common TTI boundaries.
Proposal1: Agree on the solution described in this paper for handling the power allocation in (DB-DC)/DC HSUPA including 10ms TTI and mixed TTI configurations. 
4 Other considerations
The Rel-14 “Multicarrier enhancements for UMTS“ will also require a revision of some existing functionalities such as the power allocation procedure. The following elements have been identified as to be impacted by the inclusion a 10ms TTI configuration in (DB-DC)/DC-HSUPA:
· The power allocation makes use of a filtered version of the power used on the Dedicated Physical Control Channel (DPCCH). In single carrier, when 10ms TTI is used the filtering has to be performed over 15 slots, and when 2ms TTI is used the filtering has to be performed over 3 slots. Now that (DB-DC)/DC-HSUPA may be configured with different TTIs per carrier, it is unclear over how many slots the filtering should be performed when the power allocation invokes the filtered version of DPCCH at not common TTI boundaries. 
· One alternative could consists in always performing the filtering of the DPCCH power to provide a 3 slots (i.e., one subframe) average regardless of the TTI length configuration of the uplink carrier frequencies.
· A second alternative could consist on reusing the way the DPCCH power is filtered in single carrier scenarios, where for a 10ms TTI configuration the DPCCH power is filtered to provide a 15 slots average, while for a 2ms TTI configuration the DPCCH power is filtered to provide a 3 slots average. This can be done since the filtered samples of the DPCCH power on the 10ms TTI carrier are available on every slot (the rate at which power control updates occur) and so a running filter (such as 15 slot running average) can be used for power allocation purposes at the not common TTI boundaries of the 2ms TTI case. 
Since the second approach more closely matches the legacy DPCCH filtering for 2ms and 10ms TTI in single carrier E-DCH, we propose that it is adopted.
· In case one or both uplink carrier frequencies be configured with a 10ms TTI, it is unclear how the Power Allocation formula should account for the power to be used on the HS-DPCCH channel, which is transmitted on a 2ms TTI basis independently of the E-DCH TTI length.
· The power that is reserved for the HS-DPCCH transmission at the moment of estimating the remaining power for scheduled E-DCH transmissions, could be derived as the maximum expected activity level of the HS-DPCCH, the power offset of the HS-DPCCH, and the DPCCH power. For example, the activity level of the HS-DPCCH could be given by both the occurrence of the ACK/NACK transmissions, and the CQI estimates which are periodically reported to the network.
· The power that is reserved for the HS-DPCCH transmissions at the moment of estimating the remaining power for scheduled E-DCH transmissions, could be derived as the average activity level of the HS-DPCCH transmissions obtained from filtering (either or both) the ACK/NACK and CQI transmissions, the power offset of the HS-DPCCH, and the UL DPCCH power.
The former approach is a more pessimistic approach, since the maximum expected activity level rather than the average activity level is used. Hence it means that there is less likely to be a shortage of power at any time during the 10ms TTI when the HS-DPCCH transmission is active, and E-DCH scaling procedures are therefore less likely to be invoked. Since this may lead to a more robust solution we have a slight preference towards the first option.
Proposal 2: Agree on a solution for handling the filtering of the Dedicated Physical Control Channel (DPCCH) used in the power allocation procedure.

Proposal 3: Agree on a solution that accounts for the power to be reserved for the HS-DPCCH (transmitted on a 2ms TTI basis) when one or both uplink carrier frequencies are configured with 10ms TTI.

5 Conclusions 

A new Work Item on “Multicarrier Enhancements for UMTS” has been recently approved [1], which upon its standardization will allow to configure 10ms TTI on one or both carriers for (DB)DC-HSUPA scenarios. This contribution discusses a way of handling the power allocation in (DB-DC)/DC HSUPA including 10ms TTI and mixed TTI configurations. From the performed analysis the following points can be highlighted:
· For handling the power allocation of (DB-DC)/DC-HSUPA including 10ms TTI and/or Mixed TTI configurations:
· When the configured TTIs on the uplink carrier frequencies are at a common TTI boundary (this encompassed not only a mixed TTI configuration, but also 2ms+2ms and 10ms+10ms), the power allocation should be performed as it is done prior Rel-14. 
· On the other hand, when the configured TTIs on the uplink carrier frequencies are not at a common TTI boundary (this refers to the mixed TTI configuration only), the power allocation for the carrier configured with 2ms TTI is updated at its not common TTI boundary, accounting for a reserved power associated to the carrier transmitting on a 10ms TTI basis which is updated only at common TTI boundaries
· For the issue of specifying over how many slots the DPCCH power should be filtered when (DB-DC)/DC-HSUPA is configured with different TTIs on the uplink carrier frequencies, any of the following solutions can be applied: 
· One alternative could consists in always performing the filtering of the DPCCH power to provide a 3 slots (i.e., one subframe) average regardless of the TTI length configuration of the uplink carrier frequencies.
· A second alternative could consist on reusing the way the DPCCH power is filtered in single carrier scenarios, where for a 10ms TTI configuration the DPCCH power is filtered to provide a 15 slots average, while for a 2ms TTI configuration the DPCCH power is filtered to provide a 3 slots average. This can be done since the filtered samples of the DPCCH power on the 10ms TTI carrier are available on every slot (the rate at which power control updates occur) and so a running filter (such as 15 slot running average) can be used for power allocation purposes at the not common TTI boundaries of the 2ms TTI case.
As the second alternative could be more accurate, we have a slight preference towards this approach unless disadvantages are identified. 
· For the issue associated to reserving the power for the HS-DPCCH prior to the power allocation when (DB-DC)/DC HSUPA is configured with 10ms TTI on both uplink carrier frequencies, any of the following solutions can be use:
· The power that is reserved for the HS-DPCCH transmission at the moment of estimating the remaining power for scheduled E-DCH transmissions, could be derived as the maximum expected activity level of the HS-DPCCH, the power offset of the HS-DPCCH, and the DPCCH power. For example, the activity level of the HS-DPCCH could be given by both the occurrence of the ACK/NACK transmissions, and the CQI estimates which are periodically reported to the network.
· The power that is reserved for the HS-DPCCH transmissions at the moment of estimating the remaining power for scheduled E-DCH transmissions, could be derived as the average activity level of the HS-DPCCH transmissions obtained from filtering (either or both) the ACK/NACK and CQI transmissions, the power offset of the HS-DPCCH, and the UL DPCCH power.
The former approach is a more pessimistic approach, since the maximum expected activity level rather than the average activity level is used. Hence it means that there is less likely to be a shortage of power at any time during the 10ms TTI when the HS-DPCCH transmission is active, and E-DCH scaling procedures are therefore less likely to be invoked. Since this may lead to a more robust solution we have a slight preference towards the first option.
Based on the analysis performed in this contribution, the following proposals has been stated:
Proposal 1: Agree on the solution described in this paper for handling the power allocation in (DB-DC)/DC HSUPA including 10ms TTI and mixed TTI configurations. 
Proposal 2: Agree on a solution for handling the filtering of the Dedicated Physical Control Channel (DPCCH) used in the power allocation procedure.

Proposal 3: Agree on a solution that accounts for the power to be reserved for the HS-DPCCH (transmitted on a 2ms TTI basis) when one or both uplink carrier frequencies are configured with 10ms TTI.
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