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1 Introduction

TR25.896v0.3.2 section 7.1 contains for the time being two proposals on UE scheduling. The first method “Node B controlled rate scheduling by fast TFCS restriction” proposes to empower the Node B with a direct control of the maximum TFC that can be used by each UE within a framework set by the RNC. The second proposal “Method for Node B controlled time and rate scheduling” relies on uplink reports from all UEs in order to perform a time and rate scheduling whereby the scheduling command and rate control parameters are explicitly signalled in the DL to all UEs.

In this contribution, a Node B controlled rate scheduling by fast UE transmission power limitation is proposed. A text proposal for the TR section 7.1 is appended in the Section 4 for approval.

2 Node B controlled rate scheduling by UE transmission power limitation

2.1  An efficient UE scheduling method – A list of wishes

An efficient UE scheduling method should meet the following requirements:

Small complexity: It is of high importance to perform an UE scheduling when approaching or exceeding the noise raise target set at the Node B receiver in order to optimise the network performances. This measurement & decision process needs to be performed within a sufficiently short time (~ 1 TTI) by the Node B in order to gain some benefits from the chosen UE scheduling technique. Therefore the complexity of the scheduling strategy needs to be carefully investigated with special attention. 

Evolution of R99: Also it would be extremely beneficial to choose a scheduling method that would be an evolution of the current UTRAN features already specified and not a complete new concept, which would impact UTRAN and UE implementations on a large scale. This is critical in terms of time to market and equipment compatibility through the different releases. 

Small signalling overhead: Finally, the signalling overhead required for the UE scheduling shall be kept as low as possible in both UL and DL directions.    

2.2  Node B controlled rate scheduling by fast UE transmission power limitation 

The core idea of the proposal consists in temporary limiting (e.g. over 1 TTI) the maximum allowed UE transmission power depending on the situation at the Node B receiver. 

In the following, various aspects of the proposal are presented in details:

2.2.1 UE grouping

In order to differentiate the UEs, each UE using E-DCH is assigned to a group defined by some characteristics. An example of a grouping strategy could be to differentiate UEs based on some billing policy where business users would be separated from normal users. Another example could be the QoS required by the service to be transmitted, or, if dynamic association is supported, this grouping could be also done depending on the UE position. Further investigations are needed to determine which grouping strategy offers the best performance.

However, it should be noted that this UE grouping procedure might be build on the already standardized RACH access procedure where ASCs (Access Service Classes) are defined in order to prioritize initial access for some UEs (specified in R99).   

2.2.2 Scheduling procedure

When the cell load is much lower than the maximum noise raise limit, nothing is changed with respect to the current specifications. No new UL/DL scheduling signaling is needed and the physical resources are not wasted without use. As the noise raise approaches the noise raise maximum threshold (e.g. 6 dB), the scheduling process is triggered at the Node B, which sets, for each UE group (GPi), temporary limitations Plim_GPi on the maximum UE transmission power for all UEs belonging to the same group GPi. Each UE compares the power limitation of its UE group with respect to its own maximum allowed transmission power, which is configured by the network and takes the minimum of both values as the maximum power that shall not be exceeded over a predefined period (e.g. 1 TTI). 

Depending on the scheduling strategy, the Node B might permit UEs with high priority (e.g. business user) to fully access the resources while low priority user (e.g. background services) will have to limit their transmission power. If the given limitation is not sufficient, the Node B is able to set the power limitation lower or/and starting limiting UEs of a different group.
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Figure 1 – Maximum UE transmission power limitation scheme
2.3  Advantages of Node B controlled rate scheduling by transmission power limitation 

The following advantages can be highlighted

Small complexity increase over R99/Rel-4/5: this proposal is a slight evolution of the current 3GPP standard and is based on well performing R99/Rel-4/5 features (PC, TFC selection). Its implementation should be very small on the UE side and only implies a small modification of the MAC layer (TFC selection). The complexity is also kept small at the Node B side as it does not have to process a large amount of UE specific data that would be required in case of an explicit UE time scheduling method.

Small DL signaling overhead: The rate scheduling is only triggered when the situation at the Node B receiver requires it. This minimizes the usage of physical resources in the DL and does not require a special procedure for toggling between a pure autonomous UE scheduling mode (little UL traffic) and a Node B controlled scheduling method (high UL traffic). Moreover no uplink signaling is required.
Evolution of existing features: The proposed method is an evolution of the current R99 specification, which bring confidence on its performance. The UE grouping procedure can also be based on the already specified RACH access procedure where ACSs are defined.

Flexibility: This UE scheduling method may permit operators to shape the scheduling procedure depending on their own proprietary strategy. For instance, business users might be assessed differently than normal users.

In contrary to a method limiting the maximum TFC that can be used at the UE, the proposed scheme gives a better control on the intercell interference and does not unnecessarily limit the data rate of UEs that are close to the Node B receiver. Indeed, the Node B does not know a priori the transmission power of the UEs. Two UEs with the same data rate but with different positions in the cell (one close with a low Tx power and one far with a high Tx power) will be, thanks to the power control algorithm, received at the same power at the Node B receiver. If no further complex algorithm is implemented in the Node B in order to identify which UE transmits at high power, a solution based on a maximum TFC restriction may decrease the maximum data rate of both UEs. This is not optimal for the UE close to the Node since it has to unnecessarily limit its maximum data rate. With a solution limiting directly the maximum transmission power, only the UE far from the Node B limits its power and therefore this reduces significantly the intercell interference without drawback on the cell throughput.
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Figure 2 – High intercell interference 

2.4  Open issues

2.4.1 DL signaling

The scheduling command might be signaled via a new DL common scheduling control channel, which is monitored by all UEs using EU-DCH, or via dedicated signaling. The latter case might offer additional flexibility but at the expense of a significantly higher signaling overhead, extra complexity on the Node B side and potential waste of downlink resources for scheduling purpose if no data is to be transmitted in the UL. 

A careful study should determine the pros and the cons of both solutions. 

2.4.2 Interaction with TFC selection

It is also to be investigated whether a UE, which received a power limitation command, should transmit the TFC it would have selected without this additional power limitation or if it should select the TFC, that is compatible with this additional power limitation. The former option would lead to an higher BLER at the Node B since the necessary SIR for successful decoding is not met but this packet might be combined with a second retransmission if HARQ is to be used for EUDCH, which might lead to an overall performance increase. On the other hand, the latter option is independent of the usage of HARQ in EUDCH and is more inline with the current specifications. 

More investigations are needed on this area in order to select the best approach.

3 Conclusion 

A new proposal for UE scheduling for EUDCH has been presented. It is proposed to discuss and possibly agree on the text proposal for TR25.896 presented in section 4.

4   Text proposal for Node B controlled rate scheduling by fast maximum power limitation

 --------------------------------------------------Start of Text Proposal for TR25.896------------------------------

7.1.2A Node B Controlled Rate Scheduling by Fast Maximum Power Limitation 

7.1.2A.1 Purpose and General Assumptions

In the current R99/Rel-4 and Rel-5 specifications, the uplink access is fully controlled by the RNC, which sets an upper limit for the maximum allowed transmission power via RRC signaling and the TFCS for each UE. Based on this, the UE selects a TFC compatible with its current needs (data rate) and the transmission power constraint. In order to enhance the control of the noise raise and minimize its variance at the Node B receiver, it would be beneficial to empower the Node B with means of controlling the UE transmission characteristics (UE scheduling).

One solution is to set a temporary additional power limitation constraint valid over a predefined period of time on the UE transmission power depending on the situation at the Node B receiver. 

7.1.2A.2 General Principle

In order to differentiate the UEs, each UE using E-DCH is assigned to a group defined by some characteristics. An example of a grouping strategy could be to differentiate UEs based on some billing policy where business users would be separated from normal users. Another example could be the QoS required by the service to be transmitted, or, if dynamic association is supported, this grouping could be also done depending on the UE position. Further investigations are needed to determine which grouping strategy offers the best performance. It should be noted that this UE grouping procedure might be build on the already standardized RACH access procedure where ASCs (Access Service Classes) are defined in order to prioritize initial access for some UEs (specified in R99).

When the cell load is much lower than the maximum noise raise limit, nothing is changed with respect to the current specifications. No new UL/DL scheduling signaling is needed and the physical resources are not wasted without use. As the noise raise approaches the noise raise maximum threshold (e.g. 6 dB), the scheduling process is triggered at the Node B, which sets, for each UE group, temporary limitations on the maximum UE transmission power for all UEs belonging to the same group. Each UE compares the power limitation of its UE group with respect to its own maximum allowed transmission power, which is configured by the network and takes the minimum of both values as the maximum power that shall not be exceeded over a predefined period (e.g. 1 TTI).

7.1.2A.3 Maximum UE transmission power limitation via L1 fast signaling 

This proposal is a slight evolution of the current 3GPP standard and is based on well performing R99/Rel-4/5 features (PC, TFC selection). The proposal is independent to other techniques considered in the current EUDTCH SI and does not require a new uplink transport channel. However some further performance improvements may be achievable if combined with HARQ techniques.

7.1.2A.4 Issues Requiring Further Studying

The DL scheduling signaling type is to be investigated. The scheduling command might be signaled via a new DL common scheduling control channel, which is monitored by all UEs using EU-DCH or via some dedicated signaling. The latter case might offer additional flexibility but at the expense of a significantly higher signaling overhead, extra complexity on the Node B side and potential waste of downlink resources for scheduling purpose if no data is to be transmitted in the UL. A careful study should determine the pros and the cons of both solutions.

It is also to be investigated whether a UE, which received a power limitation command, should transmit the TFC it would have selected without this additional power limitation or if it should select the TFC, that is compatible with this additional power limitation. The former option would lead to a higher BLER at the Node B since the necessary SIR for correct decoding is not met, but this packet might be combined with a second retransmission if HARQ is to be used for EUDCH, which might lead to an overall performance increase. On the other hand, the latter option is independent of the usage of HARQ in EUDCH and is more inline with the current specifications. More investigation is needed on this area in order to select the best approach.

It is also to be investigated if the power limitations should be signaled with an absolute manner (e.g. dB) or with the help of power up/down commands which would be similar to a regular power control scheme. The former solution has a number of advantages as it provides fast adaptation capabilities and does not require any re-calibration process, which would be necessary with up/down power commands due to incorrect reception at the UE side.

Finally, the impact of soft handover needs also to be further investigated. This aspect if however common to all Node B scheduling techniques as the scheduling commands may be different within the Node Bs in the active set. The combination of different scheduling commands is FFS and the possible solutions presented in section 7.1.3 can be applied to the presented Node B controlled rate scheduling procedure.
7.1.2A.5 Signaling to Support Fast Maximum Power Limitation

7.1.2A.5.1 L1 signaling

No signaling is needed in the UL to support this scheduling method. 

In the DL, either a common broadcast channel setting the power limitations for each UE group or a set of dedicated L1 signaling is needed.

7.1.2A.5.2 RRC signaling

TBD

7.1.2A.5.3 Iub/Iur signaling

TBD

  --------------------------------------------------End of Text Proposal for TR25.896------------------------------
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