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TSG RAN WG4 thanks TSG RAN WG2 for inviting our group to contribute on this discussion. We would like to inform the proceedings on this topic in our meeting#8 held in 26th-29th of October 1999 in Sophia Antipolis.

During the meeting one document on this area was presented (R4-99649), introducing the Outer Loop behavior in different environment in network. In this document it was highlighted the cases were the outer loop performance is believed to have a impact to overall performance of the system.

In discussions after presentation several views were brought up:

· There are several mechanisms which causes rapid changes on Eb/No in UE receiver. These are eg. changes on propagation condition, mobile speed variation, and changes in SHO conditions. All aforementioned cases represent fast diversity changes when there is need for update the inner loop target set by the outer loop. Hence manufactures felt that this is only possible by implementing outer loop PC in UE.

· The network operators raised a concern whether they will have a mechanisms to control UE SIR target by the outer loop during the operation in network. In particular there was a concern how they are able to control downlink resources, when this operation is inside the UE.

· Also it was noted that the current WG2 specification TS 25.331 does include the possibility  for network to control the outer loop power setting 

The following scenario should be supported:

UE and Network based DL PC

·  Outer Loop Power Control algorithm is implemented in the UE. The algorithm in the UE is difficult to be tested, and hence this requires a performance test to be defined. The manufactures believes that this is possible to define.

· Outer Loop Power Control algorithm is implemented also in the network; the value set in the network overrides any value that was determined with the downlink power control running in the UE

· This would allow operators to choose the best option in order to fulfil their requirements since about the real benefits of the two solutions there is an ongoing discussion and more investigations are needed. Moreover this should allow operators to have harmonized behaviour of all UE, since the real setting of the SIR target from the UE is implementation dependent.

· Also the reliance on the UTRAN to specify during call set-up certain parameters related to the OL operation such as minimum and maximum values for the Eb/Io_target the UE may use as contained in TS25.331 is not considered as a full and explicit network control by the operators. 

· Lack of flexibility in the ability to trade off capacity and quality in the network.

· Preventing the updating of algorithms or improvements was also considered

Therefore, it is the conclusion of WG4 that both explicit network control as well as the proposed mechanism in the UE should be considered in TSG RAN WG2. 
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1. Introduction


This contribution discusses some aspects of the outer loop (OL) power control function in the downlink illustrated by examples.


The role of the downlink OL function is to ensure a constant quality (FER/BER) of the radio link against the background of changing propagation conditions. For a typical OL algorithm see reference [1].


OL operation is typically achieved by frequently updating of the Eb/Io_target value which is used during the DL closed loop TPC operation in deriving appropriate TPC commands for the BS by means of a threshold comparison of the measured Eb/Io against this Eb/Io_target. 


An increase of Eb/Io_target is typically triggered when the UE receives one or more erroneous frames. The Eb/Io_target value can be decreased when no frame errors have occurred for a specified amount of time, depending on the targeted FER.


The current understanding is that the UE would update this Eb/Io_target value in accordance with the measured frame errors (or other relevant metrics) without involvement of the UTRAN. However the UTRAN may specify during connection setup certain parameters related to the OL operation such as minimum and maximum values for the Eb/Io_target the UE may use as contained in current TS 25.331. 


2. Discussion


There are a couple of reasons why it appears desirable to have the UE update the Eb/Io_target without direct involvement of the UTRAN, in particular without the need for a L3 signaling transaction in order to do so.


Let us look at the following examples wherein the UE needs to change its Eb/Io_target value:


1. Occurrence of one or more frame errors during steady state OL operation. The basic OL behavior in this case is to increase the Eb/Io_target (see above). Similarly, occurrence of a longer period or frame error free reception, the OL shall lower the Eb/Io_target. The likelihood of these events is proportional to the specified target FER.


2. Changes in UE speed leading to an increase or decrease of the required Eb/Io


3. Changes in the multipath delay profile and thus the amount of available diversity presented to the UE RAKE receiver.


4. Modifications of the soft/softer HO configuration (i.e. updating the active set in handover) and thus the amount of available diversity presented to the UE RAKE receiver together with a modified TPC behavior. It has been observed that the Eb/Io_target needs to be updated by up to 3 dB depending on the channel conditions.


5. Modifications in the physical layer bearer parameters (services, data rates, encoding,…).


6. In general activation/deactivation of the DL slotted mode. In here one special case is where the UE would half the SF and possibly have to revert to a non-orthogonal spreading code and thus loosing orthogonality with a possible resulting large change in the required Eb/Io_target value.


However, if outer loop power control is made in UTRAN, the following problems are faced:


1. Significantly increased signaling load in Iub (Node-B to RNC) interface


2. Significantly increased delays in Eb/Io_target decision


3. Significantly increased processing load in RNC


3. Example showing outer loop in action


By using simulation examples outer loop power control operations are illustrated.


Figure 1 and 2 show an example obtained from a dynamic simulation. In figures, 3 simulations are made with different parameters, when handover occurs different times. In figure 1 and 2, Eb/Io and Eb/Io target correspond to each other since they are taken from same simulation and same UE.


Figure  1 shows realized Eb/Io for a UE when different simulation parameters are used. During time ~55 seconds to ~59 seconds (the lowest figure) active set size for the UE is one. Then UE has only little diversity from the channel. When handover occurs more diversity is obtained and the variance of the realized Eb/Io gets significantly lower. Similar improvement in variance of Eb/Io can be obtained when getting more diversity from appearing new channel taps or when UE speed gets lower and inner loop power control compensates channel better. When variance of Eb/Io changes, also inner loop target set by outer loop power control should change.


Figure 2 shows corresponding Eb/Io thresholds for the user. The used outer loop algorithm is similar to that of used in some CDMA systems [1]. In the figure Eb/Io target starts to decrease immediately when handover is made and variance of Eb/Io gets smaller.


4. Examples for possible problems with outer loop


Figure 3, 4 and 5 show example situations in which fast reaction of outer loop is needed. In Figure 1, situation is shown in which amount of diversity is first small, then gets higher and finally gets again poor. Amount of diversity can change because of handovers, change in UE speed, changing number of channel taps etc. When amount of diversity increases outer loop algorithm made in UE immediately lowers Eb/Io target. Then also DCH powers starts to decrease and less interference is generated to the network. If outer loop PC was made in network, delay of possibly hundreds of milliseconds is experienced before outer loop can react. Then used DCH powers are unnecessary high for hundreds of milliseconds and interference is generated to the network. When amount of diversity again decreases, outer loop in UE immediately increases Eb/Io target and quality of the user is maintained. If outer loop was made in network delay is experienced and quality of connection gets bad for time that can last over hundreds of milliseconds.


Figure 4 shows an example in which diversity improves over very short period. If outer loop is made in network change in diversity is not seen by outer loop or actions are made when returned to initial situation.


Figure 5 shows an example in which diversity gets smaller for very short period. If outer loop is made in network, outer loop is not able to raise Eb/Io target, and too low powers are used. Then quality of link may be poor and several erroneous frames are possibly received. User possibly notices this as a click sound. As shown in simulation example in figure 1 diversity can change frequently. User notices this possibly as frequent clicks in voice.


5. Conclusions


We propose to have the UE update the Eb/Io_target autonomously based on measurements directly available to the UE (such as eg FER).


However, the UTRA may control key parameters related to OL operation (as currently done in TS 25.331). Moreover the UTRAN has always control over the DL power allocated to an UE by means of DL power control in the BS, regardless the OL actions within the UE.
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Figure 1 Eb/Io as a function of time
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Figure 2. Eb/Io_target for inner loop PC provided by outer loop PC
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Figure 3. Example depicting case in which outer loop reacts immediately after HO or other diversity changes (outer loop done in UE) and when outerloop reacts after delay (outer loop done in RNC). Uppermost curve is Eb/No for UE, middlemost is Eb/Io target and lowest DCH transmission power. Red curve is for outer loop in network and black for outer loop in UE.
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Figure 4. Example figure that depicts case when outer loop done in RNC can't react to suddenly improved diversity. Uppermost curve is Eb/Io for UE, middlemost is Eb/No target and lowest DCH transmission power. Red curve is for outer loop in network and black for outer loop in UE.


[image: image5.png]BS addedto AS

WS speedt gets lower

New taps appear

etc

BS remaved from AS
MS speed gets higher
Taps dssappears
et

huncresd of
millseconds







Figure 5. Example figure that depicts case when outer loop done RNC can't react to suddenly worsened diversity. This can be possibly heard as a "click" for user. Uppermost curve is Eb/No for UE, middlemost is Eb/Io target and lowest DCH transmission power. Red curve is for outer loop in network and black for outer loop in UE.
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