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1. Introduction

In this document, we study target RoT control methods for HSUPA. 

2. Relation of target RoT to throughput and cell coverage

Main purpose of HSUPA is to improve the throughput and coverage and as well as reduce the delay of the uplink. Target RoT has direct relationship to cell throughput and also influences cell coverage.

Target RoT setup is a trade-off between throughput and cell coverage. Higher target RoT means higher throughput at the cost of more UE transmission power, or means if same power is transmitted, arrived distance may decrease, that is possible cell shrink. For example, in Figure 9.6.1.1.1 of [1], simulation shows by employing time and rate scheduling of EUDCH, when RoT increases from 4dB to 7dB, throughput also increases from 1.1Mbps to 1.8Mbps, which means more than 50% gain. So in order to obtain higher throughput, relatively higher target RoT is required, and for UEs in cell edge, their date rate need to be decreased because maximum transmission power is fixed.

On the other hand, excessive target RoT is also not practical because that Rel 99/4/5 UE's coverage and capacity should try to keep the same. For Rel 99/4/5 UEs, especially real-time voice and TV phone users should be maintained for their minimum data rate. 

Provided that Rel 99/4/5 users QoS and coverage are guaranteed, target RoT can be setup at possible highest value in order to maximize throughput.
3. Fixed or variable target RoT

There are two possible approaches for target RoT i.e. fixed target RoT method and variable target RoT method. In fixed target method, target RoT is decided by link budget and coverage requirement only. In variable target RoT method, target RoT is varied by several reasons. The two methods are shown in Figure 1 and Figure 2.
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Figure 1 Fixed target RoT
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Figure 2 Variable target RoT
Pros and cons of two methods are following.
Fixed target RoT

Merit:

- The system control is relatively easy. 
- Cell coverage could be stable because a fixed RoT is used. 
- Stable RoT helps accurate channel estimation and MCS selection.

Demerit:

- Because traffic situation always changes with time, fixed target RoT is not adaptive to traffic distribution variations. Traffic distribution includes Rel 99/4/5 voice users, EUDCH users, other cells interference, etc. Therefore throughput can not be maximized. 
 

Variable target RoT

Merit:

- Target RoT can be changed adaptively according to different traffic distributions. Therefore, it is possible to increase throughput by adjusting target RoT adaptively according to traffic variations. 
- If target RoT is set to relatively higher value, throughput can be increased. If target RoT is set to relatively lower value, coverage can be increased.

Demerit:

- Complexity added in order to control target RoT adaptively.
- Channel estimation and MCS selection methods makes difficult. To avoid this effect, to change the target RoT gradually is necessary.

Above two methods have different pros and cons. We think the decision of two methods is up to system operation. i.e. HSUPA specification should support both methods. But we think to support variable target RoT is useful method for the high throughput of the HSUPA system.

4. How to decide target RoT and its share by EUDCH and legacy channels
In this section, we discuss how RoT is decided by different network entity.

Although the introduction of EUDTCH, Rel 99/4/5 DCH is necessary for conversational class service such as voice and TV phone users. On the other hand, AMC, HARQ and/or NodeB controlled scheduling might be introduced for EUDCH. Naturally, for same streaming, interactive and background class service, EUDCH should have higher transmission efficiency comparing to DCH, because of various new technologies. So the strategy to maximize the throughput is following. 

While maintaining the QoS of DCH, it is required to allocate sufficient of uplink resources to EUDCH in order to maximize throughput.

Three schemes are compared in following. Although the decision is mainly RAN2 and RAN3 topic, this topic really impact layer 1 performance.

Scheme1) Total RoT is decided by RNC and share is also decided by RNC.

E.g.:

- RNC informs Node B that total target RoT is 6 dB.

- RNC also informs Node B that legacy channel would consume RoT of 2 dB.
Both target RoT and the share are practically long term RoT based, like 200ms order.
RNC has load information reports from all Node Bs, so target RoTs of adjacent Node Bs can be decided in a centralized way.

Higher backward compatibility is obtained because current total admission control for Rel99 users is done by RNC. 
There is Iub delay to control the target RoT.
Scheme 2a) Total RoT is decided by RNC and share is decided by Node B actively.

E.g.:

- RNC informs Node B that total target RoT is 6 dB.

- Node B informs UE to maximum TFC or maximum transmission power of legacy channels via direct L1 signalling or some signalling. Then, Node B can control share actively. 

For legacy UE, it's not possible but possible for non-legacy UE.
Total RoT is practically long term RoT. The share could be short term by Node B decision. 

The method for Node B to control DCH RoT is required.

Scheme 2b) Total RoT is decided by RNC and share is decided by Node B passively.

E.g.:

- RNC informs Node B that total target RoT is 6dB.

- Node B measure statistical sum of behaviour of legacy channels. For example, Node B observes around 2dB is used by sum of legacy channels. Therefore, Node B allocates 2dB for legacy channel in the short term future..
Total RoT is practically long term RoT. The share could be short term by Node B decision. 

Short-term variation of DCH RoT is observed by Node B. In Rel 99/4/5 users, conversational class service users RoT can be estimated according to number of UEs. 
Another issue of conversational class service users is that if uplink DTX need to be considered. If uplink DTX is considered, then more uplink resource can be used for scheduling. When considering uplink DTX, since it is difficult to know exactly the timing of DTX of each individual voice user, maybe only statistics method is practical. Activity factor information is then required in Node B, one possibility is that RNC measure activity factor and inform to Node B.

When measure or estimate R99/4/5 RoT value, there are several kinds of methods with different kinds of aggressiveness. Methods mentioned in [3] can be employed and is cited as follows:

(Cited from R1-040844, 

One possible solution is the scheduler could select the aggressiveness on selecting UE's maximum allowed transmission power.

- Conservative: If Node B scheduler always assume DPDCH transmission with maximum bit rate at scheduling EDTCH resource, maximum rate DPDCH resource is always reserved but if the source does not generate enough date, reserved resource are not used.
- Aggressive: If Node B scheduler never assumes DPDCH transmission at scheduling EDTCH resource, in the case of other than non-DPCCH domain scheduling, which is to control sum of DPDCH and EDTCH, transmission power could be higher than the scheduled value. In the case of non-DPCCH domain scheduling, transmission power is as same as scheduled but EDTCH resource for this UE would be reduced than scheduled value.

- Actual: Similar to HS-DPCCH discussion, the scheduler could assign the resource depending past resource utilization, i.e. if UE transmit DPDCH often, the scheduler gets conservative. If UE does not transmit less often, the scheduler gets aggressive. 
- Long averaged: If Node B scheduler assumes some value between maximum bit rate and minimum bit rate on DPDCH using activity factor, scheduled resource is something in the middle. For example, if 50% DTX activity is assumed, the assumed DPDCH power at the scheduler is 50% of full DPDCH power. Then as an average, the target RoT is obtained.

The choice of above four behaviours is possible when Node B scheduler knows past channel behaviour and past/future source behaviour.)
In [4], similar conservative reservation and aggressive reservation for R99 channels is also proposed.
Interactive and background class service users RoT might be difficult to estimate, but could be measured. Then Node B uses remaining RoT for EUDCH.
Scheme 2c) Total RoT is decided by RNC and share is decided by UE.

- RNC informs Node B that total target RoT is 6dB.

- For EUDTCH UEs, Node B schedules power domain (E-DPDCH + DPDCH). UE allocate DPDCH transmission power with high priority. The remaining power is for E-DPDCH.

- For legacy UEs, it is similar to scheme 2b.
Total RoT is practically long term RoT. The share could be short term by Node B decision.

In [2], scheduling point on coding chain was discussed. If the scheduling point is "non-DPCCH power domain", the share between legacy channels and EUDTCH are done UE dynamically. This share is only applicable to EUDTCH terminal. Therefore, the share between legacy UE and EUDTCH UE should be still required in Node B.

Scheme 3) Total RoT is decided by Node B and share is decided by Node B.

Some admission control function is required to be shifted from RNC to Node B. .

Node B decides target RoT according to number of users, traffic distribution and change target RoT. It has merit of changing of target RoT can be done in very short time (several ms), while it is still guaranteed that RoT changes in adjacent scheduling periods still keep small. It may have benefit of throughput increase by quick adaptation of target RoT setting to traffic distribution. 

Although Node B can measure intra-cell interference and other cells interference separately, information of RoTs in adjacent cells may still be insufficient.
Node B cannot control which cell UE should be belong. Without evolutional modification of Iub, Node B only controls bit rate of UE in this cell. The number of UEs cannot be controlled. 
In current specifications, Node B has no information on QoS requirement (or target) parameters. Because maintaining the QoS for DCH services is required, some signalling from RNC and Node B is required for proper decision of target RoT. This is incurred by signalling overhead and signalling delay. 

The actual RoT could be different in different receiver structure of Node B (Rake and other receiver should be different). Currently such maximum RoT which Node B can handle is not informed to RNC. Our understanding is BLER/BER measurement result could be used for RNC to know possible maximum RoT for this Node B. On the other hand, introducing HARQ makes difficult current BLER/BER measurement as it is.

Algorithm of decision of target RoT in Node B needs further study.
5. Conclusions

Several target RoT control methods have been discussed. We propose target RoT could be variable. We also propose to include the scheme like total RoT is decided by RNC, share on scheduled RoT and R99 type RoT is decided by Node B. Whether R99 type RoT is controlled passively or actively is for further discussion. 
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