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1
Introduction
In earlier contributions, example [1] and [2], the principle of E-DCH decoupling was shown as a mechanism to improve the quality of E-DCH scheduling when the UE has a Macro and LPN in its active set. In this contribution we assess the possible impacts of the activation of E-DCH decoupling and possible impact to RAN1 technical specification. This contribution also points to needed work in other WG for driving the standardization of E-DCH decoupling. 
2
Background of E-DCH decoupling 
HSUPA, i.e. Enhanced Uplink (or E-DCH) scheduling on serving and non-serving E-DCH cells are delicately balanced by the interworking of 2 key physical channels the E-AGCH (E-DCH absolute grant channel) and the E-RGCH (E-DCH relative grant channel). The 3GPP specifications mandate the E-AGCH may be transmitted only by the serving E-DCH cell (i.e. the definition of the serving E-DCH cell is the cell that transmits E-AGCH). Furthermore the specifications link the serving E-DCH cell to be the same as the serving HS-DSCH cell, i.e. the cell hosting the HSDPA downlink for a given UE is defined to be also the serving E-DCH cell. The E-AGCH carries the absolute grant (AG) setting the UE’s Serving Grant (SG). The AG indicates the exact power level the E-DPDCH may at maximum use in relation to the DPCCH. The serving E-RGCH channel conveys UP/DOWN or HOLD commands which are used to tune SG
It may not always be possible for the UE to entirely utilize its SG. A restriction may be imposed by other cells which the UE has in its active set. This restriction is transmitted to the UE using the non-serving E-RGCH (there is a subtle difference between the cells belonging to the serving E-DCH radio link set and the cells belonging to the non-serving E-DCH links) using bit fields to indicate if the SG is to be toned down by a DOWN/HOLD command. This toning is essential to keep the uplink interference from the non-serving UEs in check. 
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Figure 1: UL/DL imbalance scenario in Hetnet
In the nominal scenario, the macro is responsible for the E-DCH scheduling (as long as it is the serving E-DCH/HS-DSCH cell) and the LPN would end up controlling the E-DCH power transmitted by the UE (with the E-RGCH). In the imbalance case, as shown in Figure 1, the macro sends the scheduling commands to the UE (based on its allowable noise rise for this UE), but it is the LPN that is really receiving the uplink due to the UE having a higher link path loss towards the macro cell than the LPN and it is thus the LPN’s uplink noise rise budget that should influence the scheduling decision at the macro. This is especially important because due to the link imbalance, from ILPC perspective the LPN is dominating node and all power offsets (grants) are relative to DPCCH transmit power level. DPCCH channel is also received optimally in LPN dominating power control. Therefore also scheduling effectiveness will be better when UL serving cell will be in LPN cell.If the macro continues scheduling nominally assuming a link balanced case, the assigned RoT share may not be consumed at macro. Furthermore, if it assigns a too high grant to the UE from the LPN perspective then LPN will ask the UE to power down and again the allocated RoT budget (from macro perspective) goes unused. The non-serving E-RGCH channel sends the commands about 5 times less often than serving E-RGCH or E-AGCH channels. Therefore, when a high grant is send to the UE from the macro which could translate to high UE E-DPDCH transmit power the received interference in LPN could be significant and cannot be quickly minimized by slow non-serving E-RGCH.  

E-DCH decoupling is a technique in which the LPN entity, possessing the strongest uplink but not being the DL serving cell, assumes an active role in E-DCH scheduling and assigns absolute grants to the given UE. The term decoupling refers to decoupling the serving E-DCH node and serving HS-DSCH node from each other. This allows, in the UL/DL link imbalance case characteristic to heterogeneous networks to shift the E-DCH serving cell from the weaker uplink node (macro cell) to the stronger uplink node (LPN) while maintaining the HS-DSCH serving cell in the stronger downlink node (macro cell).

The solution is enabled by informing the UE about this role change in order to correctly decode UL scheduling information received in DL from the non-serving DL cell. A simple view of the solution is shown in Figure 2 below.

[image: image2.png]/_ Macro cell

Lackof UL power
to be received by
macro





Figure 2: Simple view of E-DCH decoupling
The outcome of this maneuver is that direct control over the UL serving grant can be provided by the node dominating the UL reception. A healthy side-effect of this maneuver is that the correct reception of the Scheduling Information (SI) in the E-DPDCH and the Happy Bit (contained in the E-DPCCH) is ensured on the LPN.
3
Procedural impacts of E-DCH decoupling
3.1

Signalling mechanisms for activating E-DCH decoupling

In [3] (section 3.1), the Serving E-DCH cell is defined as the cell from which the UE receives Absolute Grants from the Node-B scheduler.  Additionally the definition includes that the UE has one Serving E-DCH cell on the primary uplink frequency. Since the concept of E-DCH decoupling involves an uplink serving role change to the LPN, it is both necessary and sufficient that the role of serving E-DCH cell is shifted to the LPN, the macro cell uplink is reconfigured to make it the non-serving E-DCH RL and the UE is informed of such a configuration in an appropriately chosen RRC message.

Observation 1: The definition of Serving E-DCH cell defined in [3] is not violated while applied on the E-DCH decoupling problem.
Observation 2: Furthermore, the definition of Serving E-DCH cell defined in [3] is also consistent while applied on the E-DCH decoupling problem to dual carrier uplink scheduling.

The network may consider activation of E-DCH decoupling at the following instances:

· Addition of LPN to the active set of the UE

· At any point of time when at least 1 Macro and 1 LPN are present in a UE’s active set 

A serving cell change is currently triggered via the following procedures:

· Combined ASU + SCC triggered using the Active Set Update message

· Radio Bearer Reconfiguration (no target cell preconfiguration) triggered via the RRC Radio Bearer Reconfiguration message 

· Radio Bearer Reconfiguration (with target cell preconfiguration) triggered via the RRC Radio Bearer Reconfiguration message 

In all of the procedures listed above the common aspects to be configured are:

E-DCH configuration

· E-DPDCH/E-DPCCH configuration

· E-DCH grant information 

· Configuration of E-HICH, E-RGCH, E-AGCH

A quick look at [3] reveals that the message structures are malleable to support separate signalling of the serving HS-DSCH and E-DCH configurations. Furthermore, the information elements are separately classified based on where they belong (L1 or L2 specific).
Observation 3: The existing RRC Active Set Update and Radio Bearer Reconfiguration reconfiguration messages already support separate signalling of the serving HS-DSCH and E-DCH cell information.
More details regarding activation E-DCH decoupling using RRC message are presented in [5]. Based on the fact that E-DCH decoupling does not introduce any new physical channels and the detailed analysis about activation of E-DCH decoupling feature was provided above we can state following observation:
Observation 4: Introduction of E-DCH decoupling to the technical specifications do not seem to violate the basic principle of E-DCH serving cell and hence (most likely) RAN1 will not be impacted.
4
Conclusion
This document takes procedural impact of introducing E-DCH decoupling into the system. Due to the fact E-DCH decoupling introduction forces change to the current UL serving cell selection in order to manage RoT budget in SHO area of Macro and LPN more efficiently, the analysis of the activation feature was presented. Based on the observation above we see that the impact on the current technical specification won’t be severe. It is not foreseen that there are any new additional IEs introduced to the interfaces. 
Based on the observations made above, we propose:
Proposal 1: Consider presented specification impact analysis for introducing E-DCH decoupling. 
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