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1. Introduction

In RAN3#83 meeting, one LS[1] was received from RAN1 to introduce agreement on decoupling of E-DCH and HS-DSCH serving cell in WI of UMTS HetNet. 

RAN1 has agreed that the feature is beneficial and should be introduced to the Release 12 specifications. Further it is RAN1’s understanding that this can be achieved without modifying the definition of the serving and non-serving E-DCH and HS-DSCH cells in the RAN1 specifications. 
RAN1 asks RAN2 and RAN3 to enable decoupling the serving E-DCH cell and the serving HS-DSCH cell for a UE in Release 12 specifications. 

This paper would generally introduce the E-DCH decoupling feature to RAN3 and analyze the impact to RAN3 specifications.  
2. E-DCH decoupling feature
E-DCH scheduling on serving and non-serving E-DCH cells are balanced by the interworking of two key physical channels, the E-AGCH (E-DCH absolute grant channel) and the E-RGCH (E-DCH relative grant channel). The E-AGCH may be transmitted only by the serving E-DCH cell (i.e. the cell hosting the HSDPA downlink for a given UE). The E-AGCH carries the absolute grant a.k.a Serving Grant (SG) indicating the exact power level that the E-DPDCH may use in relation to the DPCCH. The serving E-RGCH channel conveys UP/DOWN or HOLD commands which are used to tune the E-DPDCH power with the accordance to planed grant. This provides the necessary room for a given UE to complete transmission of the UL data in its buffer.

It may not always be possible for the UE to entirely utilize its SG. One 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 and essentially serves to preserve a healthy balance between uplink macro diversity and excessive inter cell interference.
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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 the serving E-DCH 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 and it is the LPN’s uplink noise rise budget that should influence the scheduling decision at the macro. This is especially important because 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 shifting the uplink serving cell from the weaker uplink node to the stronger uplink node.

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.
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Figure 2: Simple view of E-DCH decoupling
3. Example for signalling flow to activate E-DCH decoupling
Figure3 is one example to show how E-DCH decoupling is activated in network and UE. 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 by RRC. 
In this example, Iub interface is involved for serving E-DCH cell exchanging between macro cell and LPN by NBAP signalling. It is not clear if inter-RNC case should be taken into account in E-DCH decoupling. If needs, then Iur interface will be involved as well.  
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Figure 3:  Activation of E-DCH decoupling with radio bearer reconfiguration

4. RAN3 impact
In normal reconfiguration case, the E-DCH serving cell and HS-DSCH serving cell belong to one cell in one Node B. However to configure E-DCH decoupling, as shown in Figure3, two RL RECONFIGURATION PREPARE messages are sent to macro and LPN separately, one is to configure the LPN to be role of E-DCH serving cell and another is to remove the role of E-DCH serving cell from Macro cell. To let macro and LPN to understand this is configuration for E-DCH decoupling, one new indication is necessary in RL RECONFIGURATION PREPARE message. For macro cell, the indication indicates it will be configured to be HS-DSCH serving cell only; for LPN, the indication indicates it will be configured to be E-DCH serving cell only. 

RL RECONFIGURATION PREPARE message used in Figure3 is just one example, to configure E-DCH decoupling, other radio link relative messages can be used as well, which includes RL SETUP message, RL ADDITION message and RL RECONFIGURATION REQUEST. The new indication is also necessary to be added into these RL relative messages.

Observation 1: One new indication is necessary to be added into RADIO LINK SETUP message, RADIO LINK ADDITION message, RADIO LINK RECONFIGURATION PREPARE message and RADIO LINK RECONFIGURATION REQUEST message to indicate the role change of E-DCH serving cell.
It has one restriction in section of Abnormal Conditions of each RL relative messages that should be removed when E-DCH decoupling feature is introduced, which limits Serving HS-DSCH Radio Link and Serving E-DCH Radio Link in the same cell. Below is one example cited from 8.2.17.4 of 25.433.
If the RADIO LINK SETUP REQUEST message contains the HS-PDSCH RL ID IE and the Serving E-DCH RL IE but the Serving HS-DSCH Radio Link and the Serving E-DCH Radio Link are not configured to be in the same cell then the Node B shall reject the procedure using the RADIO LINK SETUP FAILURE message.

Observation 2: The restriction in 25.433 should be removed to permit Serving HS-DSCH RADIO LINK and Serving E-DCH RL can be configured to different cells.
For E-DCH decoupling configuration to one NodeB, RNC should know the NodeB’s capability on supporting E-DCH decoupling or not. So NodeB needs to report its capability in Cell Capability Container IE.
Observation 3: New capability of E-DCH decoupling support should be added into Cell Capability Container IE.
Different operator policy may ask to manage LPNs by one separate RNC, which asks Iur interface to support E-DCH decoupling feature as well.  
Observation 4: E-DCH decoupling feature should be supported over Iur interface, similar change as Iub is needed as well to 25.423.  
So far we don’t see that user plane will be impacted by E-DCH decoupling feature. As discussion on this feature is ongoing in RAN2 and RAN1, it may introduce further impact to RAN3 specification.  
5. Conclusions

We kindly request RAN3 to discuss and agree these observations to be baseline to support E-DCH decoupling feature in RAN3 specification. 

Proposal: Agree these observations to be baseline to support E-DCH decoupling feature in RAN3 specification.  
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