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1 Introduction
The enhanced uplink feature is intended to provide fast scheduling of packet-based data for uplink and serves as a compliment to HSDPA.

For HSDPA, scheduling is generally “decentralised” and downlink soft handover (macro-diversity) is not supported.  That is to say that a scheduler exists in each cell which is largely, or wholly unaware of scheduling decisions made in other cells.
Feedback is provided to the downlink scheduler from the UE in the form of Channel Quality Information (CQI).  This information enables the scheduler to accommodate each user’s particular C/(N+I) situation.  If schedulers in other cells are generating interference to a UE, this is reflected in the CQI report to the UE’s serving cell scheduler, and link parameters may be adjusted in response by the scheduler to maintain an acceptable quality or reliability of communication between the basestation and the UE.  Examples of parameters which may be adjusted in accordance to the UE CQI feedback are:

· the data rate

· the transmit power

· the modulation level (QPSK/16-QAM)

· the degree of FEC coding applied
· the physical resources applied to transmissions
1.1 FDD Enhanced Uplink

For enhanced uplink, as for HSDPA, a scheduler is placed in the Node-B.  Scheduling for FDD enhanced uplink is decentralised to some extent, although, because uplink signals from a UE may significantly interfere with other cells (and affect those UE’s served by that cell), some degree of co-ordination is required.

Furthermore, soft handover is supported for uplink in FDD, and this too requires some control or feedback to the UE from all basestations actively receiving its transmissions.  This can similarly be thought of as a form of scheduler coordination between cells.

Co-ordination between schedulers in different Node-B’s has been indirectly provided for FDD enhanced uplink by means of E-RGCH feedback commands from non-serving cells to the UE.  One E-RGCH command may be sent from the cells of the serving RLS and from each other non-serving cell in the non-serving RLS.

There is no explicit direct co-ordination as such between Node-B’s – the co-ordination is effected via the feedback to the UE.

Thus, “absolute” grants are sent by the serving cell in response to rate scheduling decisions in that cell, but E-RGCH commands also control the maximum UE data rate and hence enable a cell suffering from excessive interference from a given UE to reduce that interference level (Figure 1).
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Figure 1 – Intercell Interference Control for FDD Enhanced Uplink
Uplink resources are generally thought of in FDD WCDMA as “Rise-over-Thermal” (RoT) resources wherein an allowable received-interference level threshold is set for the basestation (relative to thermal noise in the receiver) and each user is effectively granted a fraction of this allowable received interference power.  Intracell interference (which can be controlled by the scheduler by means of the E-AGCH) constitutes a relatively large fraction of the RoT.  The remainder is intercell interference which is controlled by E-RGCH.

1.2 TDD Enhanced Uplink

In contrast, for TDD, much of the intracell interference is removed by the receiver and as such most of the RoT comes from neighbour cells.  But for TDD, support for uplink soft handover is not mandatory, and there is correspondingly no support in the UE for active reception of downlink control signals (such as E-RGCH) from multiple cells/sites.  Thus, the FDD solution to manage intercell interference via E-RGCH is not viable.
It is clear that a solution for control of intercell interference is required for TDD enhanced uplink such that the following properties of existing releases are maintained:
· The Node-B receiver is not required to detect out-of-cell UE’s

· The UE is not required to receive commands from non-serving cells.
2 Intercell Interference Management for TDD
For TDD it’s possible to exploit the reciprocity of the radio channel and enable decentralised schedulers in the enhanced uplink system to pre-emptively control intercell interference levels.  This is achieved without the need for the UE to receive controlling signals from other (non-serving) cells and so is in-line with the characteristics of the current 3GPP TDD architecture.

Grants are considered to be “received-power” grants in the serving cell.  That is to say that each scheduled UE is given a target received power or target received C/I level which contributes in some way to the total RoT.

There exists a path loss between each UE (denoted “i”) and each cell receiver (“j”) in the system.  The path loss between UE “i” and cell receiver “j” is denoted Lij.  The serving cell is denoted “J”, and as such the path loss from UE “i” to his serving cell is denoted LiJ.
If the scheduler was made aware, for each UE under its control, of the path loss to other cells relative to the serving cell path loss, then for a given grant in the serving cell, the interference level at each other cell could be known.  The linear ratio of the path loss to a non-serving cell j and the path loss to a serving cell J is termed (ij for the ith UE and the jth cell:
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(ij is larger in better radio conditions and smaller when the UE is close to the cell edge.

Armed with this information for each significant neighbour cell, the scheduler in each Node-B would be able to accurately predict the interference levels caused in each cell by a hypothetical grant to a UE and hence system-wide control of interference may be achieved.
2.1 UE feedback

It is proposed that for TDD enhanced uplink, the relative path loss information is determined by the UE based upon measurement of serving cell and neighbour cell beacon signals, and that this information, or a simplified related metric, is signalled back to the serving cell scheduler with each E-DCH transmission.  This measurement feedback information is denoted (i for UE i.

Ideally, (i would consist of the full set of (ij for all neighbour cells j each TTI.  This would provide the scheduler with maximal information.  However, for practical purposes, (i may need to contain a simplified or reduced-content version of the full information to save on the valuable uplink signalling resources consumed by this signalling.
Several versions of (i are discussed here, although the details of this feedback signalling remain FFS.
Full Feedback (full speed)
Here, the set of (ij for each neighbour cell is returned in each E-DCH each TTI.  It is anticipated that this solution will consume excessive uplink signalling bandwidth.
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Full Feedback (slower speed)

Here, a subset, or only one (ij is returned in each E-DCH each TTI.  Neighbour cell cycling is used over several TTI’s to transmit the full information set.  This results in a lower overall reporting period than the full speed method.  For example, in the case that a single (ij is signalled per TTI:
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Partial Feedback (poorest-cell)
Here, only the worst-case cell is reported each TTI.
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Partial Feedback (geometrical)
Here, a type of uplink geometry for the UE is reported each TTI.  The value gives the expected ratio of the received uplink intracell power to the sum of the received uplink intercell powers for a given transmission from the UE.
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It is clear that other useful metrics could also be derived.  However, the decision on the exact nature of the metric is not the focus of this document.  Rather, the general approach is only to highlight that some form of feedback metric from the UE (derived from serving cell and neighbour cell path loss estimates) is of use for controlling intercell interference by Node-B scheduling in TDD enhanced uplink.

The path loss information measured on downlink is applicable to the uplink due to the reciprocity of the TDD radio channel.

The same path loss information could be obtained via measurements of the UE’s uplink signal at multiple Node-B’s, although this would require each Node-B to receive the signals of out-of-cell UE’s - functionality which is currently not mandated for TDD.  This would also require extensive inter-communication between Node-B’s and would significantly increase the baseline receiver complexity of the Node-B, hence the UE-measurement mechanism is preferred.
To estimate pathloss, the UE needs to know both the received P-CCPCH RSCP’s (for each cell) and the respective P-CCPCH reference powers.  In Rel-99/4/5/6, the TDD UE already supports neighbour cell RSCP measurements based upon the beacon function physical channels and functionality to provide the UE with neighbour cell P-CCPCH reference powers for neighbour cells is similarly already provided in existing releases (in BCCH system information).  Alternatively, the UE could actively decode the system information from the other cells.

The efficiency of the scheduling will be improved if this UE feedback information is provided more frequently to the Node-B scheduler to enable the channel reciprocity in a fading TDD channel to be exploited to a greater extent.  It is therefore proposed that the UE feedback information would be carried by the physical layer via the channels used to carry associated uplink signalling (e.g. E-UCCH, E-RUCCH – see [1]).
2.2 UTRAN procedures (RRM)
It is further proposed that each scheduler is assigned an intercell grant by the RRM function in RNC.  This sets the amount of intercell interference each scheduler is allowed to create in each other cell and furthermore enables the operator to configure the system according to the specific deployment.  The grant assigned by RRM to a particular scheduler could constitute multiple values (one for each individual neighbour cell) or just a single value could apply to all neighbour cells.  There is clearly a linkage here between the type of UE feedback decided upon (full or partial – see section 2.1), since if some forms of partial feedback were employed there may be little point in signalling intercell grants from RNC to Node-B for each individual neighbour cell.
These procedures may also allow RRM to adapt and respond to interference or loading measurements from the Node-B’s (assuming that these measurements will be provided).  This general mechanism for management of intercell interference in the enhanced uplink system is shown in Figure 2.
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Figure 2 – RRM control of inter-cell interference
3 Conclusion

Methods for managing intercell interference in TDD enhanced uplink via Node-B scheduling have been proposed.
The methods are based around two principles:

1. metrics based upon serving cell and neighbour cell path losses are derived by the UE and fed back to the serving cell scheduler in Node-B MAC-e.  Path losses are calculated by the UE via measurement of serving cell and neighbour cell P-CCPCH RSCP and via knowledge of the associated P-CCPCH reference powers provided by system information (as per current 3GPP releases).  The feedback is carried on the E-DCH associated uplink signalling channels.  The scheduler may use the feedback information to control the levels of intercell inference generated into other cells by modification of the absolute grants to UEs under it’s control.
2. RRM procedures in UTRAN are used to configure each scheduler with knowledge of the allowable intercell interference levels they may cause to other cells.  These are set by RRM in RNC, and may further be updated and adapted in response to current loading conditions.  Information on current loading is provided by means of Node-B measurements to RNC.

An associated text proposal is appended to this document to capture these concepts within TR 25.826.
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7
Support for Node B Controlled Uplink Scheduling

7.1
Overview

The UE receives grants controlling the E-DCH resources available to it from the serving cell only.  Each serving cell scheduler is responsible for ensuring that the inter-cell interference created by UE’s under its control is within acceptable limits set by the network (RNC).  In order to assist with this control of inter-cell interference, the UE is responsible for performing serving-cell and neighbour-cell path loss measurements and for reporting these (or a combined metric – FFS) to the serving cell scheduler via the associated uplink signalling channels (E-UCCH and E-RUCCH).
The network may update the allowable inter-cell interference level granted to each scheduler based upon Node-B measurements of the current uplink load or according to other network-determined factors.
7.2
Support for Node-B Controlled Rate and Physical Resource Scheduling

<Editor’s Note: This section contains an overview of the physical layer aspects of the scheduling operation>

The UE can receive absolute grants of E-DCH resource, consisting of multiple bits per time interval.

The physical channel used to convey grants to the UE is termed the Enhanced Uplink Absolute Grant Channel (E-AGCH).  A single E-AGCH shall be capable of transmitting one complete grant to a UE (ie: transmission of a grant is achieved in one timeslot).

The grant consists of:

· A power grant component (this is used to distribute available system interference resources amongst contending UE’s)

· A physical channel grant component (this is used to distribute E-PUCH timeslot and code resources amongst contending UE’s)

The grants need not be transmitted in every time interval and are solely determined by the MAC-e scheduling function.

The duration over which a grant applies is equal to one E-DCH TTI.  Support for variable length grants (greater than one TTI) is FFS.

The UE is informed by higher layer signalling on which physical resource (i.e: OVSF code and timeslot) grants to that UE will be transmitted. The network may configure multiple UEs to monitor the same physical resource.

There is only a single cell responsible for E-DCH scheduling, the serving E-DCH cell.  The UE shall be capable of receiving one absolute grant from the serving E-DCH cell per time interval.

7.3
Signalling Information Required for the Support of the Scheduling

Scheduler grant information is signalled on the downlink to the UE on the E-AGCH (see sections 8.2.1 and 9.2.1).

Some components of the information to assist with the scheduling process are signalled on the uplink from the UE via the E-UCCH and E-RUCCH (see section 5).  To enable the control of uplink inter-cell interference via scheduling, this signalling shall include information derived by the UE from its measurements of the serving-cell and neighbour-cell path losses.  The information (or a component of it - FFS) is transmitted to the serving cell scheduler within each instance of an E-UCCH or E-RUCCH.  The exact details of the signalling remain FFS.
<Editor’s Note: It is anticipated that the uplink path-loss derived signalling information will be comprised either of the individual path loss information for each reported cell (signalled over one or multiple TTI’s) or of a single combined metric (reported in a single TTI)>
12
Physical Layer Measurements

The UE shall have the ability to measure the path loss to the serving cell and to neighbour cells.  Serving cell path loss measurements are made each radio frame.  The number and frequency of the neighbour cell measurements remain FFS.  These may need to be increased with respect to that required for neighbour cell RSCP measurements in current releases.
The Node-B shall support measurement of E-DCH interference and/or fractional loading to assist with RRM procedures.
_1183539154.unknown

_1184160495.unknown

_1184160522.unknown

_1184162259.unknown

_1184160429.unknown

_1183550386.unknown

_1183299454.unknown

