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Introduction

The resource control functionality is distributed between the CRNC and the Node B since the introduction of the HSDPA and Enhanced Uplink. Dedicated channels are controlled from the CRNC, while parts of the HS-DSCH and E-DCH resource control functions will reside in the Node B. Measurements that indicate the fraction of resources that are available for HS (Transmitted Carrier Power Of All Codes Not Used For HS Transmission) and scheduled-E-DCH (Received Scheduled E-DCH Power Share) respectively can be reported from Node B to CRNC. Both best-effort and guaranteed bit rate (GBR) services can be allocated to HS/EUL. When the resources are insufficient to support the guaranteed bit rates, then it is also important to indicate the requested HS/EUL resources needed in order to fulfil the guaranteed bit rate. This is already in place for downlink in terms of the Required HS-DSCH Power measurement.
In this contribution we describe and suggest the comparable uplink measurement – Requested Received Scheduled E-DCH Power Share. This information is necessary when applying efficient VoIP services over HSPA.
Suggested Measurement of Requested Uplink Resource
As the specifications are written today the CRNC will allocate/admit resources to the non-E-DCH user data flows, and then leave a portion for the Node B scheduler to allocate between the E-DCH flows. The CRNC can control the Node B scheduler by the use of the “Maximum Target Received Wideband Power”, the “Reference Received Total Wide Band Power” and the “Target Non-serving E-DCH to Total E-DCH Power Ratio” parameters. In this way, the Node B scheduler can only act within the resource-portion remaining after the scheduling of non-E-DCH channels. Node B can however, inform the CRNC about the current “Received Scheduled E-DCH Power Share” (RSEPS) and also the “E-DCH Provided Bit Rate”, where the latter is aggregated per priority class.

Received Scheduled E-DCH Power Share is a quantity that is comparable to the HS-DSCH power, since they both indicate the available resource that the Node B scheduler can consider. In the downlink, the max resource is limited by the maximum transmission power of the cell. In the uplink, the max resource is limited by the maximally tolerable uplink received total wideband power. Therefore, it is natural to build upon RSEPS when completing the specification with requested uplink resource signalling comparable to the signalling of HS-DSCH Required Power.

In [2]  the RSEPS measurement definition is provided in chapter 5.2.17 "Received scheduled E-DCH power share (RSEPS)": 
	Definition
	The 'Received scheduled E-DCH power share' is defined as a report of 2 values for a considered cell:

1.
RSEPS: defined as a quotient:


sum of all scheduled E-DPCCH and E-DPDCH power contributions determined in the RSEPS 
measurement period T=t2-t1>0 for all UEs for which this cell is the serving E-DCH cell

divided by

the corresponding received total wideband power value determined for this cell during T.
2.
RTWP*: This is the received total wideband power (RTWP) measured for this cell as defined 
in section 5.2.1 but determined for the same time period T starting at t1 and ending at t2 
during which RSEPS is determined.

The reference point for the RSEPS and RTWP* measurements shall be the Rx antenna connector.
When cell portions are defined in the cell, RSEPS (and RTWP*) shall be measured for each cell portion.

The sum in the numerator of RSEPS is determined under the following conditions:

-
The contributions are summed up TTI wise and only TTIs which are ending between the time 
instants t1 and t2 are considered.

-
In case a UE has not only a radio link to the considered cell but also other radio links to the 
same Node B ('softer handover'): It is allowed to take into account the power value combined 
for these radio links of the same Node B and divided by the number of combined radio links.


Note: For improved measurement performance it is possible to consider only the power 
contribution determined for the considered cell.


The Requested RSEPS is using this measurement definition, but considered connections are restricted to those belonging to a specific priority class and are associated to a guaranteed bit rate. In addition, the Requested RSEPS is computed as the difference between the Current RSEPS and the Required RSEPS  (Current RSEPS_dB - Required RSEPS_dB).
· The Current RSEPS is the same as RSEPS above, but restricts the considered connections to those belonging to a specific priority class. 
· The same connection restriction applies to Required RSEPS. Furthermore, the scheduled E-DPDCH power contributions are predicted (E-DPCCH power contribution does not need to be predicted – it would be the same) in the following way. The E-DPDCH power is set based on the DPCCH power and the power offset of the selected transport format as described in ‎[3]. The guaranteed bit rate can be associated to the supporting GBR transport format, which is the lowest bitrate transport format that at least gives the guaranteed bit rate. Hence, the predicted scheduled E-DPDCH power contribution is the DPCCH power contribution for the measurement period times the power offset of the supporting GBR transport format. 
Requested RSEPS is defined as the difference between the Current RSEPS and the Required RSEPS which gives negative values when there is a lack of resource. In this ways, the mapping of RSEPS in [4] can be used also for Requested RSEPS.

Similar to HS-DSCH Power, Requested RSEPS will support the Report Characteristics Types ‘On Demand’, ‘Periodic’ and Event A, B, E, F, but not Event C and D. It is natural to not support Event C and D since they trigger on measurement increases and decreases during a specified time, and changes of requested RSEPS  is less interesting for predicted values such as HS-DSCH Required Power and Requested RSEPS. 
Moreover, it is also possible to provide a list of UE’s that require a large fraction of the requested resources. The UE’s are identified by the CRNC Communication Context ID, and the resource requirement per UE is expressed in percentage of the Requested RSEPS value.

Signaling of Required RSEPS would be more similar to HS-DSCH Required Power, but it is more natural to signal Requested RSEPS, since it is easier to event-trigger. The obvious threshold for event A is zero, which means that reports are sent when there are insufficient resources to support GBR. Moreover, a negative threshold gives a hysteresis.
Challenges in Uplink Node B RRM

When the uplink load in the network reaches a level where all user data flows cannot get the resources they would like to, then some flows will have to stand back. The CRNC can make use of the Radio Link Congestion and Radio Link Pre-emption procedures to control the overload situation, in addition to the parameters controlling the Node B E-DCH scheduler previously mentioned.

The CRNC can request information of the Received Total Wideband Power and the Reference Received Total Wideband Power from the Node B, which gives an indication of whether there are resources left or not. But in an overload situation the CRNC does not have information if the E-DCH user data flows would send more data if they were given more resources. Moreover, the CRNC lacks information on the QoS level of these flows. At times of high load, the CRNC will need this information in order to judge whether it should give more resources to non-E-DCH or more resources to E-DCH flows, and consequently less resources to the other category. Hence, CRNC needs information to perform load balancing, taking QoS into account, in order to make a fair resource allocation between the different channels and QoS classes. Without additional information in the CRNC it can happen that the DCH users are assigned more resources than their fair share. The DCH may also carry un-prioritized data and be more resource consuming than the E-DCH. 

Since different QoS classes can be supported over both E-DCH and non-E-DCH channels, it is important to identify what QoS class the E-DCH load pressure belongs to. This is to facilitate load balancing such that the QoS of prioritized traffic can be guaranteed regardless of the transport channel it uses. Without information in the CRNC of E-DCH resource status per priority class it can happen that best-effort DCH users are given higher QoS than GBRs over E-DCH. On the other hand, over provisioning of the E-DCH resources may be a waist of resource, or result in higher QoS for best-effort E-DCH users than for GBRs over DCH.
The load balancing will be a slow mechanism compared to scheduling, and it will balance the load between the two categories, non-E-DCH and E-DCH. It will not balance the resources between individual UE’s or data flows. 
Benefits of Requested RSEPS

With Requested RSEPS, it is possible to react on insufficient resources to maintain the guaranteed bit rate, and it is also possible to relate the problem to priorities and compare to DCH priorities. The CRNC can for example downswitch a lower priority DCH to leave room for a higher priority scheduled E-DCH to meet the guaranteed bit rate of the latter. It is furthermore possible to use the Requested RSEPS value to determine the  DCH resources that should  be released. In short, it is an important trigger which is useful when supporting quality of service over E-DCH. Furthermore, it will be used in a comparable fashion as the HS-DSCH Requested Power, but for the uplink.
Conclusion and Proposal
In this contribution, we identified the need for signalling Requested RSEPS for E-DCH from Node B to CRNC to indicate the need for more uplink resources to E-DCH GBR users. Downlink signalling is provided via the HS-DSCH Required Power and HS-DSCH Required Power Per Cell Portion. Here we propose to complete the symmetry by introducing the comparable uplink quantities Requested Received Scheduled E-DCH Power Share and Requested RSEPS Per Cell Portion.
It is proposed that  RAN3 agrees on introducing signalling of Requested RSEPS for E-DCH from Node B to CRNC and approves the CR to 25.433 [5]. 
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