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Introduction

The work on the support of RRM for the Enhanced Uplink would need to be finalised in the February RAN WG meetings for stage 3 work to be complete. The support of RRM is a key element driving the performance of operators’ networks, from experience it is a major issue, hence it is essential that companies focus on ensuring an efficient solution is specified.

There is some level of dependency at the moment in the work between the different RAN working groups which makes the progress relatively slow. Vodafone is keen on avoiding unnecessary delays in the completion of the RRM work due to these interdependencies. 

In our view, the following aspects need to be addressed:

1) How to allocate resources to the Node B for the E-DCH operation ?

2) What measurements are needed to support an efficient handling of RRM with E-DCH ?

Although the final decision on the allocation part is not up to RAN1, RAN1 should give some feedback on these aspects (as requested explicitly by RAN3 in their LS [4]).

This contribution aims at providing Vodafone’s view on both the allocation and measurement aspects.

Discussion

1. General

Until now in the work on Enhanced Uplink there has been a common assumption that the Node B can utilise some form of noise rise estimate to quantify the amount of UL radio resource consumed by the E-DCH at cell level and to control the resource usage via the MAC-e scheduler. However, this assumption has been done in the context of simulations, and it has not been discussed whether this could really be used as a measurement quantity for RRM support.

2. Requirements

We have identified as essential the following requirements for the support of RRM with E-DCH:

a) The RRM strategy for the E-DCH shall be backward compatible; avoiding / minimizing impact on the legacy admission and congestion control algorithms).

b) It shall be possible to operate at the same noise rise operating point as per the legacy network implementation disregarding the presence of E-DCH (avoid planning consequences for legacy services).

c) Node B shall be able to perform measurements of the cell level UL resource usage; with the ability to differentiate between DCH and E-DCH resources; the measurement quantity should as much as possible be in line with the quantity used in the allocation of resources.

d) Node B shall be able to make the most of the UL resource allocated to get an optimum performance of EUL (e.g. use of all resources available in the Node B).

e) It shall be possible to limit the amount of the noise rise overshoot caused by the E-DCH in the Node B in such a way that the QoS on legacy services (e.g. dedicated channels) is not degraded.

f) It shall be possible to operate RRM relatively efficiently between CRNC and Node B in a multi-vendor context.

3. Allocation of Resources

There is an inter-dependency between the measurements and the strategy in the allocation of resources, i.e. the way the allocation is done influences the way the measurements need to be done and vice-versa. Hence before defining or modifying any measurement, it is necessary to understand how the resource allocation is performed in the context of the E-DCH feature.

3.1 Uplink

There are a number of alternatives in terms of UL resource allocation:

a) no threshold signalled to the Node B (as per Rel’99/4/5).

b) cell level threshold, e.g. allocation of a maximum allowed UL total interference threshold (Node B can use resources remaining after serving non E-DCH connections).

c) E-DCH specific threshold e.g. allocation of a maximum allowed UL total E-DCH interference.

Solution a) is not viable as once E-DCH users are admitted in the cell it is not possible for the CRNC to control the E-DCH resource usage in the Node B (apart from removing E-DCH radio links). Even if the CRNC is aware through measurements of the E-DCH load contribution it cannot really act upon it. This solution can only work in a proprietary manner.

Solution b) is optimised in terms of performance but could require some changes to the legacy admission control (as the new threshold is relevant to the DCH connections, hence affects the DCH admission control function).

Solution c) relies on the ability to change the E-DCH threshold in a semi-static manner in line with changes in the UL load. It is less efficient, performance-wise, than solution b) but has the advantage that it reduces the impact on the legacy admission control implementation (can be designed not to impact the DCH admission control function).

Noise Rise Operating Point

It has been noted by many companies that to optimise the system performance of E-DCH it should be possible to operate at a higher noise rise w.r.t. to what is used e.g. in a Rel’99 implementation. Naturally the coverage for legacy radio bearers should not be impacted by the E-DCH operation so this means that operating at high noise rise is only feasible in some cases (for example when there is only E-DCH packet users in the cell). Hence it shall be possible for the CRNC to have a way to control the noise rise operating point used in the Node B otherwise it is not possible to get the extra gain claimed, i.e. some threshold needs to be signalled by the CRNC to the Node B.

Noise Rise Overshoot

The overshoot here refers to the case where one threshold is signalled to the Node B and the actual UL resource usage is momentarily above this threshold. Even if the Node B scheduler has some control over the resources consumed by the E-DCH, it is not in full control as the scheduling relies, to a large extent, upon the TFC selection occurring in the different UEs. If a conservative strategy would be used in the Node B there might not be any overshoot occurring but the user throughput and capacity achieved is likely to be undermined. As seen in the feasibility study, in order that the Enhanced Uplink operates efficiently, the E-DCH scheduler should allow some level of overshoot.

The CRNC should be able to know what level of overshoot to expect with respect to the noise rise operating point so that it can reliably control the appropriate operating point. Long-term overshoot could impact the admission and congestion control in such a way that the overall system performance is undermined. If there is no deterministic limitation of the overshoot this could lead to frequent triggering of congestion control hence instability in the network. The system should be able to accommodate noise rise overshoot in such a way that there is no impact on non E-DCH calls (e.g. speech or video CS calls).

What quantity to use ?

The quantity to be used for the allocation of UL resources should be in line with the quantity used for the measurements (see section 4.1).

Conclusion:

We recommend the following:

· There is a need for the RNC to signal some threshold(s) to the Node B to control the E-DCH UL resource usage. The threshold(s) should be reconfigurable via Iub signalling.

· It should be allowed for the Node B to use all remaining UL resources (after DCH connections are served, DCH connections having priority) for the E-DCH connections.

· It should be clarified how can be handle the overshoot of the signalled threshold(s).

· The quantity used in the threshold definition should be in line with the quantity used for the measurements.

3.2 Downlink

The power control of the E-DCH signalling channels – i.e. E-RGCH, E-AGCH and E-AGCH – is under the control of the Node B [2], meaning that the exact power control strategy for this channel is Node B implementation dependent. However it is necessary to specify what pool of power resource is going to be used to accommodate the power control of these channels in the Node B. Assuming that a pool of power is allocated to the Node B by the CRNC for these channels as a whole (Total EUL DL Power), there are three main alternatives:

a) Total EUL DL Power signalled by the CRNC in a semi-static manner.

b) Total EUL DL Power not signalled by the CRNC, the power for the EUL signalling channels is considered as part of the HSDPA HS-PDSCH and HS-SCCH Total Power.

c) Total EUL DL Power not explicitly signalled by the CRNC, Node B uses the PA remaining power for both HSDPA and EUL DL signalling channels i.e. if the parameter HS-PDSCH and HS-SCCH Total Power is not signalled the Node B assumes the remaining power shall be used.

By reusing the signalling approach of the HSDPA specific parameter HS-PDSCH and HS-SCCH Total Power (in the last 2 alternatives) the power allocation strategy for EUL control channels is tied to the power allocation strategy for HSDPA. Whilst alternatives b) and c) allow a better usage of the power resource, it gives less control to the RNC about the power setting of the EUL channels, i.e. if the Node B does not power control these channels efficiently there is no way for the RNC to alleviate this, this is the same approach as applied for the HS-SCCH. However assuming the design of the Node B is done correctly there should not be any need to control these channels, one way for the RNC to get the visibility of the EUL power allocation is to have a measurement of the power consumed specifically by these channels. This has more some interest in terms of optimisation, though it might not be used as a “live” measurement.

Conclusion:

We recommend the following

· the resource allocation for E-DCH DL signalling channels should be tied to the HSDPA power allocation parameter reusing the same signalling approach (HS-PDSCH and HS-SCCH Total Power parameter).

4. Measurements for the support of RRM

4.1 Uplink

To support the RRM for E-DCH, some existing measurements need to be modified and potentially some new measurements need to be defined. There are two main requirements in terms of what should be able to measure the Node B:

1. Being able to measure the noise rise operating point.

2. Being able to measure the split between non E-DCH and E-DCH resources.

4.1.1 Noise Rise operating point

In order to control the UL resources used by the Node B EUL scheduler and perform admission and congestion control for the different connections, it is necessary for the Node B to control the noise rise operating point. Note that by “noise rise operating point” here we mean that noise rise is the quantity we are aiming at controlling on the UL however this might be controlled via an other quantity. Two main candidates measurement quantities are considered: 

a) absolute measurement quantity (e.g. RTWP measurement).

b) relative measurement quantity (e.g. noise rise or “normalised” RTWP measurement).

From the initial discussions on the measurement aspects, it seems that there is a dependency on the achievable accuracy of the measurement in the Node B. As a function of the measurement accuracy, it is more or less difficult to exploit the measurement in the RNC. However we believe that the issue of the measurement quantity and the issue of the accuracy can be separated as we expect the accuracy requirements to be very similar whether we use or not an absolute or relative measurement quantity.

The main differences between the two measurement quantities is that with absolute measurement quantity, on top of the issue of measurement accuracy the RNC has to perform an evaluation of the noise floor via the RTWP measurement. In the case of a multivendor scenario, this means the Node B noise floor should be evaluated and input in some form into the RNC. With the relative measurement accuracy the Node B does not have to perform an evaluation of the noise floor, the Node B implicitly used its last estimate of the noise floor to report a “normalised”/”relative” value to the RNC.

Our proposal of measurement quantity is to use report the following quantity to the RNC
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where RTWP0 is the latest available noise floor estimate in the Node B. The feasibility of updating an estimate in the Node B should be discussed.

In any case a good accuracy is required for the measurement as there a Node B specific bias in the measurement returned to the RNC. If the absolute accuracy is not good enough, the RNC can not exploit directly the report it has to do some long-term evaluation to evaluate the bias. This is not only true for the multi vendor scenario but it is true (to a lesser extent) as well in a single vendor scenario as each manufactured Node B could report substantially different values under the same load conditions. For example, the current accuracy requirements for the existing RTWP measurement are as follows [3]: 

· Absolute accuracy: +/- 4 dB.

· Relative accuracy: +/- 0.5 dB.

With such an accuracy it is very difficult to for the RNC to rely on the RTWP measurement for the control of the UL resources as this would require form the RNC to perform some kind of Node B specific calibration.

Conclusion:
We recommend the following

· a relative resource measurement quantity based on the existing RTWP measurement should be defined.

· absolute and relative accuracy requirements for the measurements should be derived in such a way to allow acceptable performance in a multi-vendor scenario.

4.1.2 Split between non E-DCH and E-DCH resources

The measurement reporting for the split in total resource usage between non E-DCH and E-DCH resources should be in line with the measurement of the noise rise operating point i.e. the same quantity should be used. Likewise it seems sufficient to measure either non E-DCH or the E-DCH resources, only one of these is required (assuming it is possible to get a relatively accurate measurement of the total resource usage).

Some early proposals consider the use of the RTWP as measurement quantity to evaluate the total E-DCH or non E-DCH UL resource usage. At this stage this seems unclear to us whether such a measurement quantity is really comparable to the RTWP quantity as the principle of the RTWP is to measure the total noise after RRC filtering (without any demodulation). Using RTWP might be an inappropriate terminology, likewise it should be clarified how the RNC could exploit the measurement.

Conclusion:
We recommend the following

· the same measurement quantity as for the noise rise operating point should be used if feasible.
4.2 Downlink

Assuming the same approach is used for the allocation of power of the EUL channels as for HSDPA, the measurement “Transmitted carrier power of all codes not used for HS-PDSCH or HS-SCCH transmission” [1] should be updated such as it corresponds to the power for non HSDPA and EUL physical channel codes. This allows to monitor what is the total power consumed by HSDPA and EUL DL channels.

Additionally there might be a need to measure specifically the power of the EUL channels as along the EUL traffic there could be a more or less significant portion of power used for the EUL control channels. Though it is not clear yet whether the use of such a measurement would really help the RRM.

Way forward

We recommend that:

· Threshold(s) is(are) signalled to the Node B to control the E-DCH noise rise operating point.

· Node B should be allowed to use remaining UL resources up to signalled threshold(s). How the overshoot of the threshold can be controlled should be clarified.

· DL power resource allocation for EUL signalling channels is tied to the HSDPA power allocation method.

· A relative resource measurement quantity  based on the existing RTWP measurement should be defined in order to measure the UL noise rise operating point.

· absolute and relative accuracy requirements for the measurements should be derived in such a way to allow acceptable performance in a multi-vendor scenario.

· E-DCH or DCH specific received power measurements should be supported to allow efficient load control.

Conclusion

Vodafone is keen that allocation and measurements aspects of the E-DCH RRM are developed in such to allow an efficient usage of the hardware on the UL, Vodafone would like to stress the importance of this as experience from Rel’99 show that due to deficiencies in the RRM, Node B hardware might not be used efficiently enough. 

We should aim at completing the work on RRM in this round of WG meetings so that the feature can be completed in time.
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