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1.  Introduction 

The main scope of the RRM algorithms is generally to make sure that the amount of resource used for serving the users is adequate.  Among all the potential variables to take into account, generally in a cellular environment the UE battery consumption is quite an important factor that needs to be optimized and can be significantly reduced by a smart resource handling in the network. The impact of the battery duration on the user happiness is well known by all the operators!

In particular in the UTRAN has been specified different RRC connected states (CELL_DCH, CELL_FACH, CELL/URA_PCH) aiming at optimizing the network resource consumption but also at reducing the battery consumption of the UE by having different requirements in terms of transmission and reception.

In this document we will highlight how the UE battery consumption is usually quite a dominant effect on the RRM strategy, meaning that the network needs to perform action not because its own resource optimization, but in order to avoid the battery drain in the UE. This would generally impact the percept QoS and increase the signaling load, even with the most powerful set of RRM algorithms.  Moreover, this situation is believed to become even worse in the future.

In section 4 a proposal to improve this drawback is described, analyzing the potential impacts.

2.  UE Battery duration  

Generally it is well known that the battery duration strongly depends on the UE activity, i.e. the percentage of time the UE is in a call. For this reason it is common for the UE specifications to refer to two different target values: one for idle mode and one for “in a call” scenario.

There are quite a few variables that influence the power consumptions and it is obviously out of the scope of this paper to list all of them. What is more interesting is to see which are the most significant variables being under the full control of the network. In the following we will concentrate our attention on these only. 

The variables that influence the Idle Mode power consumption are mainly the timers for periodic RAU/LAU, the LAs/RAs size and the DRX cycle. Also the RRC connected states CELL/URA_PCH could be considered as part of “Idle” states for this purpose, since in this states also the same variables influence the battery duration. In addition the Periodical Cell/URA update and size of URAs should be considered. Also the typical figures for power consumption in CELL/URA_PCH are comparable with those in Idle Mode.

As far as the other connected states are concerned, the main contributor to the power consumption is the UE activity, the rate and other “UE related” considerations (e.g. video for Videotelephony, Bluetooth connections, etc.). On the UE activity, it is not only related to the uplink transmission, but also on the DL reception. Typical figures are that a UE in CELL_FACH (where continuous reception occurs) consumes about ½ of the power used during transmission in DCH, while the power consumption in the “idle” states are typically two orders of magnitude (one hundred factor) lower.

Finally the current figures one could derive from commercial 3G networks are such that the requirements in terms of power consumption are still higher than GSM, considering a baseline service like the voice call. In order to combat this effect, as well as to allow higher power available for the UE video screen, etc, it is not reasonable to foresee just a technology improvement of the UE battery (that is generally slower than the evolution of other technologies!) to cope with this.   

3.  UE resource optimisation  

Both the UE and the UTRAN have to take intelligent actions in order to optimize the UE power consumption.

On the UE side nothing is standardized and we do not see any benefit in changing the situation. In the end it is in the interest of the UE manufacturer to design them properly.

On the UTRAN side, even if no standard behaviour is mandated, some typical RRM mechanisms are captured in [1]. Among the possible ones proposed, the most used one is the so-called “channel switching”, where the UTRAN typically puts the UE in a common channel state when low activity/inactivity is detected for a certain period of time. This is done not only to reduce UE power consumption but also to save UTRAN resources like NodeB processing, DL power, Iub capacity and so on.  Is it anyway clear that all these actions are theoretically not really needed if the load in the network is not critical, but in order to save UE battery these actions are anyway taken.

The main drawback of (almost) all these UTRAN actions is that allocating a low rate bearer (e.g. mapped on FACH channel), when the activity will suddenly increase there is the need to reconfigure the bearer in order to allow a good QoS to the user. This increases both the UTRAN signaling load and delay perceived by the user.  Therefore a trade-off between increased battery saving and increased delay/signalling load has to be found by RNC manufacturers and operators.

The situation in the near future is foreseen to become worse for the UE in this aspect. HSDPA will introduce the concept of a big-pipe in DL, where the processing power of the NodeB, the power used and the Iub capacity used will mostly depend on the actual size of the HSDPA channel, rather than of the among of UEs served.  On the UE side, instead, the processing requirement are increased due to the higher rate, the soft combining, the shorter TTI and the additional channels to be received in parallel.  The first two are directly related to the UE activity while the latter two are inherent to the HSDPA system and are expected to cause higher power consumption regardless of the actual UE activity. So even if from a UTRAN side a frequent channel switching is less needed, from a UE battery consumption perspective this could be highly desirable. Then the introduction of HSUPA in Rel.6 is foreseen to go in the same direction making the situation even worse.

Beside these facts, we need to consider that recently a number of UE without major battery limitations have been/going to be developed. The list contains not only the so-called data-cards, but also small PC-based devices with integrated UE, WLAN access point with 3G access, etc. For all these types of UE, the battery consumption is not a major issue and there is no reason to have increased delay in user experience due to channel reconfiguration, etc. Also from an UTRAN perspective there is no reason to have additional signaling and processing load to perform these actions when they may not be needed.

4.  A simple solution to allow optimum handling  

 A straightforward solution to avoid this sub-optimal solution is to make the RNC aware if the UE has to be considered battery limited, so that the RNC can also take into account battery consumption as a driver for its RRM algorithms, or not.  In case of batter-unlimited UE, the RNC may decide to relax the inactivity timers and statistically maintain the UEs in dedicated mode longer than when power consumption needs to be considered.

This possibility is rather simple with the current UE capability exchange mechanism standardized in the RRC protocol.

So a simple proposal is to add an additional flag in the UE capabilities so that the UE inform the UTRAN if it can be considered “battery-unlimited” or not. Of course no specific actions needs necessary be taken by the RNC, but for sure it would help in providing the best QoS without penalizing the battery consumption of the UEs that suffer from this limitation. This flag would be exchanged at the call setup (RRC Connection Setup Complete) in case the UTRAN requires them, and the cost in terms of additional signaling is rather negligible (1-bit). Also the backward compatibility is assured by considering “battery-limited” all the UEs that does not report such flag.

From a UE point of view, it is also worth to mention that there is no point in signaling the wrong information, since the potential benefits would be largely killed by the significantly reduced battery duration.

Finally it is also possible to allow UEs to inform the network is their “status” is changed. This would be the case, for example, of a UE put in charge.  On this, even if we do not have a strong opinion, we would like to mention that currently the UE is allowed to change its capability whenever it wants during a call and there is no way for the network to avoid so, as far as we know. Being this valid for all the other UE capabilities (e.g. buffer size, etc.) we think that it would be straightforward to still allow the UE to act accordingly on this additional capability.

5.  Conclusion  

In this paper we have highlighted a possible optimization that would allow the RNC to better serve the users with devices that do not suffer from battery limitation without penalizing the other UE.

The solution proposed is trivial and it has almost a negligible impact on signaling. Also the mechanism to inform the network is yet specified (and currently used) and it does not have any additional requirements. Finally no backward compatibility is foreseen at all.

Even if the solution can be used from Rel.99 onwards on DCH, Vodafone believe that Rel.6 should be the right target for its introduction, considering the penetration of HSDPA and HSUPA and the higher benefits of the proposal under these scenario.  

If RAN2 agrees on the usefulness of the proposal, Vodafone is keen to provide the needed CR and prepare the LS to inform RAN1 of the proposal. 
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