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1 Introduction
In RAN #72 a Work Item (WI) on “Multi carrier enhancements for UMTS” was officially approved [1], which basically consists in enabling the usage of 10ms TTI in “UL Multicarrier” scenarios. Within this context, a potential revision of the “power scaling rules” has been proposed when (DB-DC)/DC HSUPA be configured with different TTI lengths on the uplink carrier frequencies. In relation to it, in RAN1 #86 the following agreement was made [2]:
· Agreement
The legacy power scaling can be reused for DB-DC/DC 10ms+10ms TTI configurations.

Later on in RAN1 #86bis the discussions around this topic continued, where the TSG RAN WG1 reached the following way forward [3]:

· “Conclusion: For proposal in R1-1610193, it is encouraged to show use cases (throughput) for next meeting.”
This contribution provides a technical analysis on whether is beneficial or not modifying the “power scaling rules” when different TTI lengths be configurable for UL Multicarrier scenarios upon the completion of the 3GPP Rel-14.

2 Background
During RAN1 #86bis it was clarified that in a DB-DC HSUPA scenario, the propagation properties of the high frequency band are the dominant factor regardless of the TTI lengths configured on the uplink carrier frequencies. Therefore, in a “dual band” scenario the “power scaling rules” as described by the legacy which scaled first “the frequency with highest DPCCH power” are a suitable choice no matter what is the TTI length configured on the uplink carrier frequencies.
Having said that, a mixed TTI configuration in DC-HSUPA remained as the only candidate scenario where the “power scaling rules” may be considered to be modified. Nonetheless, as stated in the chairman notes [3], it has to be shown that there is a use case requiring the revision of the “power scaling rules”.
The legacy “power scaling rules” consist of several steps which have to be applied on a sequential order as long it is needed. Concretely speaking, when there are two uplink frequencies configured for E-DCH the first two steps are as follows [4]: 

· The UE first applies “DPCCH power adjustments and gain factors” which may actually be enough for not exceed the maximum allowed value anymore. 
· Then if such alternative were not enough, the power scaling procedure was made to scale down first the power on “the frequency with highest DPCCH power”.
Then, the “power scaling rules” continue applying additional steps as long as the total UE transmit power keeps exceeding the maximum allowed valued. However, the proposal made in RAN1 86 consists in modifying the second step of the “power scaling rules” by saying that in in a DC-HSUPA scenario configured with different TTI lengths, the uplink frequency configured with 10ms TTI would have to be scaled down in power first [5].

The proposal claims that if the “power scaling rules” are modified as described above, then a better throughput could be maintained in a DC-HSUPA scenario configured with mixed TTI lengths. Note that this proposal is not solving any issue, but rather tries to optimize the performance of a mixed TTI configuration in DC HSUPA. 

Anyway, the technical argument used to support this statement refers to the possibility of taking advantage of the “interleaving gain” derived from the fast fading undergone on the carrier configured with a 10ms TTI length.

In the following subsection we analyse the potential scenarios where according to the above mentioned proposal and motivation, it would convenient to modify the power scaling rules.

3 Power Scaling Rules in DC-HSUPA
3.1 Fast Fading and Interleaving Gain

In order to assess the applicability of scaling down first the power of the carrier configured with 10ms TTI, it is important to remember some fundamental concepts in wireless communications, especially because it has been argued that the benefits behind this proposal are obtained from the “interleaving gain” undergone by the carrier configured with 10ms TTI.
In a wireless communication system, the fading can be classified as “fast” or “slow” fading:
· Fast Fading: A channel undergoes “fast fading” if the impulse response changes approximately at the symbol rate of the communication system.

· Slow Fading: A channel experiences “slow fading” if the impulse response remains unchanged during the transmission of several symbols.
The coherence time is used to estimate the amount of time during which the channel can be considered to remain unchanged (i.e., correlated). Using the coherence time as metric, the fast and slow fading can be expressed as follows:
· Ts > Tc → Fast Fading

· Ts << Tc → Slow Fading

Where Tc refers to the coherence time, and Ts to the symbol time. Using this principles, the coherence time was used to classify the channel depending on whether the E-DCH transport block is transmitted over 2ms or 10ms TTI length. Table 1 shows how an E-DCH transmission can get distorted as a function of the rapidity of the wireless channel. 

Table 1: E-DCH transmissions over 2ms and 10ms TTI affected by the fading rapidity
	A)
Fading Classification
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Ts_2ms << Tc
Ts_10ms << Tc
2ms TTI→ Slow Fading

10ms TTI → Slow Fading
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Ts_2ms ~Tc
Ts_10ms > Tc
2ms TTI→ Fast Fading

10ms TTI → Fast Fading

	B)
Carrier frequency at 2.1GHz
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When Tc ~ Ts_2ms, the required UE speed is ~ 65Km/h

	C)

Carrier frequency at 900MHz
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When Tc ~ Ts_2ms, the required UE speed ~ 145Km/h


The upper part of Table 1, A) shows the TTI boundaries for 2ms and 10ms which are used to classify the channel’s fading as “fast” or “slow”. 
· On the left hand side A.1), the classification refers to a “slow fading” channel because the wireless channel remains constant during several TTIs encompassing both TTI lengths. This means that in both cases, the coherence time results to be much larger than the duration of an E-DCH transmission even if the transmission were performed on a carrier using a 10ms TTI configuration.

· On the right hand side A.2), the classification refers to a “fast fading” condition because the channel drastically fluctuates at a rate that is approximately equal to the shortest TTI length. In this case two E-DCH transmissions on adjacent TTI of 2ms each would be distorted very differently by channel, meaning that for a 10ms TTI configuration the channel would drastically change several times during a single E-DCH transmission.

Then, aiming at obtaining an interleaving gain we estimated what is the speed that the UE needs to have for producing several channel changes during a single E-DCH transmission performed over 10ms.

In the middle of Table 1, in B) the Bessel function corresponds to an operating at 2.1GHz with an UE speed equal to 65Km/h, which is minimum required UE speed for achieving a fading rapidity equivalent to the one displayed on the right hand side of A). In this case, the channel changes approximately at the same rate as the TTI boundary for 2ms (i.e., Tc ~ 2ms).
Then at bottom of Table 1, in C) the Bessel function corresponds to a carrier frequency operating at 900MHz with a UE speed equal to 145Km/h, which leads to a fast fading where the channel drastically changes on a subframe basis (i.e., Tc ~ 2ms).
According to the analysis performed, the E-DCH transmissions carried on uplink frequency configured with a 10ms TTI length will undergo “fast fading” in scenarios where the UEs are moving at high speeds. How fast a UE has to move depends on the operating frequency, for example an interleaving gain derived from a channel that drastically changes every subframe requires UE speeds of at least 65Km/h for an operating frequency equal to 2.1GHz, and UE speeds around or beyond 145Km/h for operating frequencies at 900MHz. 
An important observation is that even in a high speed scenario where the channel changes on a subframe basis, an E-DCH transport block transmitted on a carrier configured with a 2ms TTI length can be completely vanished, reason why it would be better to apply first the “power scaling rules” on the 2ms TTI carrier since the E-DCH transmission may be completely destroyed anyway. This is exactly what the legacy “power scaling” mechanism does (i.e., scales down first the power on “the frequency with highest DPCCH power”), since for a given UE distance from the Node B transmitting the same number of bits using a 2ms TTI length cost more power than the one used with a 10ms TTI length [6], [7].
3.2 Power and E-DCH Transport block
In a coverage limited scenario where the UE is transmitting close to its maximum power, the E-TFC selection would allocate a very small transport block size in such a way that the total transmit power won’t go beyond the maximum allowed value. However, even if by doing so still were necessary to applying the “power scaling” rules, then scaling down first the power on the carrier configured with a 10ms TTI length may result in the following issue:
In this case, the transmission power on the carrier configured with 2ms TTI would remain unscaled, while the transmission power on the carrier configured with 10ms TTI would be further scaled down in power even though it uses about 1 to 2dB less power. In this situation both E-DCH transmissions may be lost, because the one performed over a 2ms TTI may be completely vanished due to “fast fading”, while the transmission performed on the carrier configured with 10ms may simply be lost due to insufficient power.
Therefore, after having performed this analysis we conclude that if the UE suddenly had the need of applying the “power scaling rules”, then starting to scale down the power on “the frequency with highest DPCCH power” as it is done by the legacy seems to be a wise choice, since according to the E-TFC selection procedure the carrier that would be scaled down in power first would be the one being more costly in terms of either band, TTI or both together. 
Moreover, the “power scaling” rules as described today in standard result to be a good counterpart of the “power allocation” algorithm, which need to work together in order to provide an efficient performance.
Proposal 1:  Re-use the legacy power scaling rules for DB-DC/DC HSUPA scenarios with mixed TTI configurations (10ms+2ms TTI & 2ms+10ms TTI).
4 Conclusions 

This contribution provides an analysis on whether the “power scaling rules” result in any drawback when UL Multicarrier is configured with different TTIs. From the investigation performed the following points can be highlighted:

· In Rel-14, the WI on “Multicarrier Enhancements for UMTS” will open the possibility of configuring 10ms TTI on one or both uplink carrier frequencies.
· When UL Multicarrier be configured with a mixed TTI configuration, a question touching upon the “power scaling rules” was raised. The question basically wondered if the power scaling rules for UL Multicarrier would have to be modified due to a “Mixed TTI configuration”?.
· In RAN1 #86bis the TSG RAN WG1 discussed whether the “power scaling rules” result in any drawback when UL Multicarrier is configured with different TTIs.
· During the discussions it was clarified that in a DB-DC HSUPA scenario the propagation properties of the high frequency band are the dominant factor. Therefore, in a “dual band” scenario the “power scaling rules” as described by the legacy are a suitable choice no matter what is the TTI length configured on the uplink carrier frequencies.
· Having said that, a mixed TTI configuration in DC-HSUPA remained as the only candidate scenario where the “power scaling rules” may be considered to be modified.
· In concrete the proposal consists in modifying the second step of the “power scaling rules” by saying that in a DC-HSUPA scenario configured with different TTI lengths, the uplink frequency configured with 10ms TTI would have to be scaled down in power first [5].
· The proposal claims that if the “power scaling rules” are modified as described above, then a better throughput could be maintained in a DC-HSUPA scenario configured with mixed TTI lengths.
· The technical argument used to support this statement refers to the possibility of taking advantage of the “interleaving gain” derived from the fast fading undergone on the carrier configured with a 10ms TTI length.
· In order to assess the applicability of scaling down first the power of the carrier configured with 10ms TTI, it is important to remember some fundamental concepts in wireless communications.
· In a wireless communication system, the fading can be classified as “fast” or “slow” fading:
· Fast Fading: A channel undergoes “fast fading” if the impulse response changes approximately at the symbol rate of the communication system.

· Slow Fading: A channel experiences “slow fading” if the impulse response remains unchanged during the transmission of several symbols.

· On this matter, the coherence time is used to estimate the amount of time during which the channel can be considered to remain unchanged (i.e., correlated). 
· Therefore, using the coherence time as a metric we classified the fading of the channel as to behave “fast” or “slow” depending on whether the E-DCH transport block is transmitted over 2ms or 10ms TTI length. 
· In Table 1 we showed how an E-DCH transmission can get distorted as a function of the rapidity of the wireless channel.
· On the left hand side A.1), the classification refers to a “slow fading” channel because the wireless channel remains constant during several TTIs encompassing both TTI lengths. This means that in both cases, the coherence time results to be much larger than the duration of an E-DCH transmission even if the transmission were performed on a carrier using a 10ms TTI configuration.

· On the right hand side A.2), the classification refers to a “fast fading” condition because the channel drastically fluctuates at a rate that is approximately equal to the shortest TTI length. In this case two E-DCH transmissions on adjacent TTI of 2ms each would be distorted very differently by channel, meaning that for a 10ms TTI configuration the channel would drastically change several times during a single E-DCH transmission.

· Then, aiming at obtaining an interleaving gain we estimated what is the speed that the UE needs to have for producing several channel changes during a single E-DCH transmission performed over 10ms.

· According to the performed analysis, the E-DCH transmissions carried on the uplink frequency configured with a 10ms TTI length will undergo “fast fading” in scenarios where the UEs are moving at high speeds. How fast a UE has to move depends on the operating frequency.

· For example, an interleaving gain derived from a channel that drastically changes every subframe requires UE speeds of at least 65Km/h for an operating frequency equal to 2.1GHz, while UE speeds around or beyond 145Km/h are required for operating frequencies at 900MHz. 

· An important observation is that even in a high speed scenario where the channel changes on a subframe basis, an E-DCH transport block transmitted on a carrier configured with a 2ms TTI length may be completely vanished, reason why it would be better to apply first the “power scaling rules” on the 2ms TTI carrier since the E-DCH transmission may be completely destroyed anyway. 
· This is exactly what the legacy “power scaling” mechanism does (i.e., scales down first the power on “the frequency with highest DPCCH power”), since for a given UE distance from the Node B transmitting the same number of bits using a 2ms TTI length cost more power than the one used with a 10ms TTI length [6], [7].
· Another important point is that if the algorithm is modified in order to scale down first the power on the carrier configured with a 10ms TTI length the following issue may occur:
· In this case, the transmission power on the carrier configured with 2ms TTI would remain unscaled, while the transmission power on the carrier configured with 10ms TTI would be further scaled down in power even though it uses about 1 to 2dB less power. In this situation both E-DCH transmissions may be lost, because the one performed over a 2ms TTI may be completely vanished due to “fast fading”, while the transmission performed on the carrier configured with 10ms may simply be lost due to insufficient power.
· Therefore, after having performed this analysis we conclude that if the UE suddenly had the need of applying the “power scaling rules”, then starting to scale down the power on “the frequency with highest DPCCH power” as it is done by the legacy seems to be a wise choice, since according to the E-TFC selection procedure the carrier that would be scaled down in power first would be the one being more costly in terms of either band, TTI or both together. 
· Moreover, the “power scaling” rules as described today in standard result to be a good counterpart of the “power allocation” algorithm, which need to work together in order to provide an efficient performance.
Therefore, and based on the analysis performed in this contribution, the following proposal has been stated:
Proposal 1:  Re-use the legacy power scaling rules for DB-DC/DC HSUPA scenarios with mixed TTI configurations (10ms+2ms TTI & 2ms+10ms TTI).
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