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1 Introduction

The introduction of Node B scheduler and its involvement in RRM for HSUPA implies that the CRNC needs to control the scheduler by means of Iub signaling. 

Further, Node B measurements on HSUPA traffic could be signalled to the CRNC to generally improve uplink admission control. Some of these are preferably done at layer 2, and are thus for RAN2 to consider. 

This contribution analyses these issues and proposes that RAN2 take a number of conceptual decisions and capture those in the stage 2 specification TS25.309. 

This would allow RAN1, RAN3 and RAN4 to work further on measurement definitions, signalling transport and accuracy aspects of the agreed concepts. 

We do not cover issues related to arbitration between cells (stage 2 open items 1.3-1.4) and downlink RRM aspects. These issues also need to be studied. 

In our reasoning we make references to the different interference components highlighted in Figure 1.
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Figure 1. Illustration of interference components

2 Means to control the scheduler from the CRNC

The CRNC is responsible for maintaining load and interference levels in its cells, which means that for HSUPA, it must control the boundaries within which the Node B scheduler can operate. The CRNC shall signal sufficient information for this over NBAP to the Node B. 

2.1 Interference (coverage) control

In a joint RAN1-4 meeting in February, there was significant consensus that CRNC will send a parameter to the Node B to inform the Node B scheduler about the maximum interference level allowed in its cell in order to preserve coverage [4].

This interference limit could be set either in the form of RTWP (as an absolute interference level) or RoT (as a relative interference level, NROI in Figure 1.). The definition of the signalled parameter is assumed to be handled by RAN1; this is intimately linked to measurement reporting in Section 3.1

Conclusion: The CRNC shall send a Maximum total interference value per cell to the Node B. The value reflects total interference including contributions from all uplink traffic and external interferers, which the scheduler can use when issuing grants. The result of the scheduling shall be such that the Maximum interference value is not exceeded.

2.2 Power control stability control (power rush avoidance)

Another aspect of high load in a cell is the risk of a power rush, i.e. when UEs very rapidly trigger one another to increase power to a maximum via inner loop power control. This behaviour cannot be mitigated by  reduced scheduling grants (since the grant controls only the offset between DPCCH and E-DPDCH and at a power rush both increase). Power rush must instead be prevented in advance through load control from the CRNC. 

The interference level at which instability occurs can vary substantially between situations. Consider two special cases for one cell: 

1. Interference largely driven by power-controlled WCDMA users (NROI=NRWP in Figure 1).

2. Interference largely driven by non-power-controlled interferers, such as adjacent channel interference
. (NROI=NROX in Figure 1). We define non-power-controlled interference as any temporary interference which does not change due to UEs of our observed cell changing their power.

In case 1, there may be power control instability already at a RoT of about 4-7 dB. In case 2, there will never be power control instability, no matter how high RoT increases. 

Based on field experience, we know that the fractions of power controlled and non-power controlled interference in a cell varies, and therefore the stability RoT limit occurs sometimes below and sometimes above the coverage RoT limit. 

Hence, if using only a single RoT control parameter in sec 2.1 to guarantee both interference and stability, we would have to set the value to the minimum of two values: the RoT that preserves coverage, and the RoT that avoids instability in the worst case (case 1 above).

This sometimes leads to a major capacity loss, as shown in the example below. 

(In the example we assume the use of RoT rather than RTWP, but this is insignificant for the conclusion.) 

Consider an exemplary small cell where 10 dB RoT is the limit for coverage preservation. If all significant interference would originate from power-controlled interference, the stability RoT limit in this example is 5 dB. 

Assuming that we would use the single control parameter proposed in section 2.1, Maximum total RoT, this signalled value of course would have to be set to 5 dB to avoid instability in the worst case. 

However, now consider that temporary interferers contribute with non-power-controlled RoT of  3 dB (NROX in Figure 1). This means that with Maximum total RoT set to 5dB, there would only be 5-3=2 dB RoT available for power-controlled WCDMA traffic. 

Hence, in this example, the total RoT (NROI) is 5dB, even though the cell could handle 10 dB with preserved coverage. The power-controlled RoT (NRWP) is 2dB, even though the cell could handle 5dB and still avoid a power rush. This results in a substantial waste of system capacity.

To avoid this loss, we propose to let the CRNC signal a second control parameter, Maximum power-controlled interference, to the Node B. This second parameter indicates allowed power-controlled RoT (ideally NRWP in Figure 1). In our example, using two control parameters the Maximum total RoT is set to 10dB, and the Maximum power-controlled interference is set to 5dB. With 3dB non-power-controlled interference, there is now MIN(10-3 , 5) = 5 dB available for WCDMA traffic without jeopardizing coverage or stability. A major capacity saving. 

Ideally the definition of Maximum power-controlled interference would correspond to NRWP in Figure 1. However, how to measure/estimate the corresponding quantity in the Node B is not obvious. It is proposed to agree in RAN2 on the need for such parameter, and leave to RAN1 to investigate possible definitions of the signalled parameter; this task is intimately linked to measurement reporting in Section 3.1.

Conclusion: The CRNC shall send a Maximum power-controlled interference value per cell to the Node B. The value ideally reflects power-controlled RoT (NRWP in Figure 1), including contributions from all power-controlled interference, i.e. the interference which changes due to UEs in the cell changing power. The scheduler can use this value when issuing grants. The result of the scheduling shall be such that the Maximum power-controlled interference value is not exceeded. 

3 Information needed in CRNC for admission control

In principle, E-DCH introduction as such brings no new requirements for new admission control functionality. This can be handled in the CRNC as in R5.

However, E-DCH introduction can be seen as a convenient enabler for improved admission control.

3.1 Reporting of total cell interference and power-controlled interference 

Since the Node B needs to implement new accurate measurements/estimates to regulate the scheduler towards the limits set in Section 2, these measurements can be forwarded to the CRNC. The recent joint RAN1-4 tasked RAN1 to investigate a ‘power headroom’ measurement, which is equivalent to measuring and signalling the current interference. Details are for RAN1 and RAN4 to consider.

Conclusion: The Node B shall measure/estimate and signal to the CRNC the current Total interference and Power-controlled interference. The definitions shall be analogous to the control parameters defined in Section 2.

3.2 Reporting of E-DCH traffic

The recent joint RAN1-4 meeting decided that RAN2 shall look into possible reporting from Node B to CRNC specifically related to ongoing E-DCH traffic. The purpose of such reporting was said to be E-DCH guaranteed bitrate traffic. Our opinion is that the same type of admission control will be used for all RABs with strict bearer quality requirements, independently if they are mapped on DCH or E-DCH. Hence, the reporting can be useful for both DCH and E-DCH CAC. 

When traffic is significantly below the capacity limit, the CAC decision can be based on existing schemes, supplemented by interference measurements out of scope for RAN2 (sec 3.1).

When traffic is at the capacity limit, a decision is more problematic: is the cell still able to accommodate a GBR flow by reducing rates of ongoing transmissions? Such admission decision taken by the CRNC should depend on the mix of existing traffic. In the case where existing traffic consists of GBR-type traffic, there is no room for another GBR link. On the other hand, if the existing traffic is low priority, the data rate for that traffic will be adjusted when the new GBR user is admitted; for DCH through RRC signalling and for E-DCH through lower scheduling grants.

To aid the CRNC in determining how much of existing traffic is low priority, the Node B could signal the load generated by the low priority part of the E-DCH traffic. As explained above, to be meaningful for the CRNC, the load should only include low priority traffic, i.e. it should exclude non-scheduled traffic and scheduled GBR traffic. Reporting total RoT/load generated on E-DCH, as proposed by some companies, would therefore not do for this purpose. 

Since MAC-e multiplexes channels of different priorities, it makes sense to choose a load measure that is extracted after MAC-e demultiplexing. Only then are the different logical channels accessible for extracting a report. With respect to the detailed definition of load, we propose that RAN2 discusses this further. 

Conclusion: the Node B shall measure and signal Low priority load on E-DCH to the CRNC, for use in admission control of GBR links. ‘Low priority’ can be defined as logical channel priority X and lower, where X is preconfigured. 

4 References

1. R2-050077, RAN2 #45bis, Nokia

2. R3-050097    HSUPA RRM Impact on Iub and Iur Interfaces, Ericsson
3. TS25.423, v.641
4. R1- 050208, “Note of Joint Session on RRM EDCH”, RAN1 Chairman

5 Text proposal for TS25.309

14
Resource management
14.1
Scheduler control
The CRNC shall send a maximum interference value to the Node B to control cell coverage. The value reflects total interference including contributions from all uplink traffic and external interferers, which the scheduler can use when issuing grants. The result of the scheduling shall be such that the maximum interference value is not exceeded. It is FFS [in RAN1/4] whether the interference is expressed in a relative (RoT) or absolute (RTWP) manner.
The CRNC shall send a Maximum power-controlled interference value to the Node B to control power stability. The value reflects power-controlled RoT, including contributions from all power-controlled uplink traffic, which the scheduler can use when issuing grants. The exact definition of the parameter is FFS [in RAN1/4]. The result of the scheduling shall be such that the Maximum power-controlled interference value is not exceeded.
14.2
Admission control
Radio Access Bearers with strict quality requirements (mapped on E-DCH or DCH) are subject to admission control. To support such admission control, the Node B shall measure/estimate and signal to the CRNC the following: 

· current Total interference and Power-controlled interference. The definitions shall be analogous to the control parameters defined in Section 14.1.
· current Low priority load on E-DCH. The parameter shall reflect the cell load that is caused by own-cell E-DCH logical channels of priority X and lower, where X is preconfigured. The exact definition of load is FFS [in RAN2].


















� A common source of non-power-controlled interference is the following: our cell is small and uses low powers. UEs in adjacent much larger cells do not react much to power variations in our cell, and the UEs in the large cells are therefore effectively non-power-controlled interferers from our cell’s point of view.
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NROX=Noise rise due to non-power controlled interference
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NRWP=Noise rise due to WCDMA power-controlled interferers, own cell and other cells�











Interference level dBm







Time












