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1
Introduction
During the RAN2#85 meeting the LS (in [7]) was received from RAN1 WG to consider E-DCH decoupling for standardization. A brief analysis of the interface impacts of E-DCH decoupling was already presented based on [1]. In this contribution we plan to start a discussion on the advanced aspects related to the standardization impacts for E-DCH decoupling.
2
On choosing a signalling framework for E-DCH decoupling
2.1
An analysis of thepossible triggers for E-DCH decoupling
In [4] (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 Radio Link (RL) and the UE is informed of such a configuration in an appropriately chosen RRC message.
In [2], an alternative trigger has been proposed to initiate E-DCH decoupling i.e. relying on a DL trigger (e.g. a HS-SCCH order, RRC or MAC specific indication) rather than the legacy mobility event 1A. The justification of introducing a new trigger relies on an argument that the radio condition in the uplink may not have sufficient quality when a UE is in an UL-DL imbalance region. However, the link imbalance does not come into play until the active set comprises of a Macro and a LPN. Till this point the UE’s uplink is fully power controlled by the Macro and hence there would be no issues in the Macro node in receiving UL transmissions from the UE. This is also confirmed by the studies made in the Hetnet mobility WI.

Observation 1: There seems to be little benefit from introducing a new event to trigger E-DCH decoupling.
The non-serving E-DCH cell is added or removed based on legacy mobility triggers e.g. event 1A, 1B or1C in the least. A further set of triggers based on Node-B dedicated measurements may also be used to refine the decision making inside the RAN. Furthermore, it must be noted that the event 1A reporting is quite flexible and the reporting is finely controlled with the existing measurement control configuration. As such, an early or delayed 1A reporting is already possible with the latest specifications. It is also important to realize that one of the implicit requirements for a non-serving E-DCH cell is also to have sufficient downlink control channel quality (e.g. E-RGCH, E-HICH etc.).
Observation 2: The logical concepts of the serving and non-serving E-DCH cell can be reused to introduce E-DCH decoupling and the legacy triggers seem sufficient. A new trigger would have large scale impact to the specification and implementation at the UE and RAN.
In [3], a proposal was made to induce the UE to monitor more than 1 E-AGCH and trigger E-DCH decoupling (i.e. listening to LPN specific E-AGCH) with a HS-SCCH order. This might be overkill because it will also need a new specification to define a consistent UE behaviour when confronted with 2 absolute serving grant commands for instance. A dual E-AGCH scheme might also have a side-effect of reduced system DL throughput because a new E-AGCH will need power allocation from the cell.
Observation 3: Dual E-AGCH monitoring will cause large specification impact. 
In [1] we had already discussed a brief view of the signalling requirements. In lieu of the same, it would be simpler and consistent to activate and deactivate E-DCH decoupling in a manner that is governed by the signalling already defined in the existing specifications. The network may consider activation and deactivation of E-DCH decoupling at the following instances:

-
At the same time when a LPN RL is added/removed to/from active set of the UE

-
Activated at a further point in time when at least 1 Macro and 1 LPN are present in a UE’s active set (i.e. any point in time after one or more LPNs are added to the UEs active set and there was already the Macro in the UEs active set)
-
Deactivated at one of the instants based on the above 2 points.
Proposal 1: Discuss these aspects and agree on a simple way forward considering that E-DCH decoupling could be specified by reusing existing triggers to keep the lowest specification and implementation cost.
From the analysis made in [1], it can be easily seen that the E-DCH decoupling signalling framework is verisimilar to the serving cell change (SCC), which is currently realized using the following signalling 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 [6] it is already clarified that 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. So it would be a good starting point to use this framework.

Proposal 2: Discuss these aspects and agree on a simple way forward considering that E-DCH decoupling could be specified by reusing existing signalling procedures to save network and UE implementation cost.

2.2
Exemplary activation using the RRC Radio Bearer Reconfiguration Procedure
In this section we describe E-DCH decoupling activation in a bit more detailed manner by mapping the procedural impacts on the Uu and Iub interfaces. The Iub is also covered in this document for the sake of completeness (a detailed analysis on the impact on Iub can be found in [9], [10 and [11]). Let’s use Figure 1 as a reference for the procedural transaction.

To explain the possible Iub and Uu interface impacts we consider a UE in the CELL DCH state which is E-DCH decoupling capable (negotiated during the RRC establishment procedure on the Uu interface. Additionally, within the UTRAN the capability of a Node-B is explicitly known to the RNC through a capability indication bit). We further assume that the UE is being served on the Macro cell with a HSPA connection.

Steps 1 through 7 are fairly straightforward. The UE reports the LPN as part of the measurement report and the RNC decides to add the LPN to the active set (AS) of the UE. The LPN is added to the UE AS and configured initially as the non serving E-DCH cell. At Step 7, the process of adding the LPN to the UE AS is complete.

The critical steps in E-DCH decoupling are explained after the Figure 3. The portions marked in RED in the figure are the intended changes for activation of E-DCH decoupling.
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Figure 1:  Activation of E-DCH decoupling with radio bearer reconfiguration

Information elements from the 3GPP specification are in italics. 

Step 8: E-DCH decoupling needs to be activated based on a decision within the UTRAN based on the points we’ve already discussed in the section 2.1. We assume that the synchronized RL reconfiguration procedure is triggered although the procedure is also applicable to the unsynchronized version of the reconfiguration procedure. Additionally, the Iub activation points could also be during the radio link setup and the radio link addition procedure (please refer to [10], [11], [12] for a short overview to the possible impacts on the Iub interface). 

Step 9: The RNC triggers the RL reconfiguration prepare procedure towards the Macro Node-B. The principal step in this transaction is to reconfigure the Macro cell to be the non serving E-DCH cell. To accomplish that, the following information elements need to be set. Notably, the Serving E-DCH RL IE tells Macro Node-B that it is no longer hosting the E-DCH serving cell.

· RL Specific E-DCH Information (E-RGCH and E-HICH PO information)
· E-DPCH Information (E-TFCS information, E-DCH TTI, E-DPCCH power offset etc.)

· E-DCH FDD Information to Modify (HARQ process allocation, E-DCH MBR, E-DCH power offsets etc.)

· Serving E-DCH RL (with choice Serving E-DCH RL not in this Node B)

Step 10: The Macro Node-B replies back with the reconfiguration ready message. The modified E-DCH information contains here the E-DCH FDD DL Control Channel Information and the E-DCH FDD Information Response IE which indicate the channelization code and the signature sequence of the E-RGCH and the E-HICH.
Step 11: The RNC triggers the RL reconfiguration prepare procedure towards the LPN. The principal step in this transaction is to reconfigure the LPN to be the serving E-DCH cell (i.e. it will now send the E-AGCH to the UE). To accomplish that, the following information elements need to be set. Notably, the Serving E-DCH RL IE tells the LPN that it is going to host the E-DCH serving cell.
· RL Specific E-DCH Information (E-AGCH and E-HICH PO information)
· E-DPCH Information (E-TFCS information, E-DCH TTI, E-DPCCH power offset etc.)

· E-DCH FDD Information to Modify (HARQ process allocation, E-DCH MBR, E-DCH power offsets etc.)

· Serving E-DCH RL (with choice Serving E-DCH RL set to Serving E-DCH RL ID and the value inside this IE is the RL ID hosted by the LPN)

Step 12: The LPN replies back with the reconfiguration ready message. The modified E-DCH information contains here the E-DCH FDD DL Control Channel Information and the E-DCH FDD Information Response IE which indicate the channelization code and the signature sequence of the E-AGCH and the E-HICH.

Step 13: At this point the RNC initiates the activation of E-DCH decoupling using the radio bearer reconfiguration procedure. The following information is intended to be sent to the UE. Note that the principal requirement at the UE will be to allow a mixity of Boolean values in the serving HS-DSCH and E-DCH RL indicators.

· Activation time (Activation Time Offset)

· New Primary E-RNTI (and optionally New Secondary E-RNTI)
· E-DCH Info

· E-DPCCH info (E-DPCCH-DPCCH power offset)
· E-DPDCH info (Reference E-TFCI and Reference E-TFCI power offset)
· Downlink information for each radio link (in this example total of 2 each set with the following values)
· For Macro RL

· Primary CPICH info (set to Macro cell PSC)

· Set Serving HS-DSCH radio link indicator to TRUE

· Set Serving E-DCH radio link indicator to FALSE

· E-RGCH information

· E-HICH Information
· For LPN RL

· Primary CPICH info (set to LPN PSC)

· Set Serving HS-DSCH radio link indicator to TRUE

· Set Serving E-DCH radio link indicator to FALSE

· E-AGCH information

· E-HICH Information
Step 14, 15: At this point the reconfiguration is committed to the Macro and LPN at the ATO specified in Step 13.
Step 16: On successful activation of E-DCH decoupling the UE responds with radio bearer reconfiguration complete.
Proposal 3: Discuss further the feasibility of reusing legacy signalling for E-DCH decoupling.

An analysis of Stage 3 aspects are also presented in [13], [14], [15] and [16] as input material for further discussion during RAN85bis meeting. 
3
Feature interworking aspects
Sections 3.1 through 3.5 provide a short summary of the interworking aspects of E-DCH decoupling with existing 3GPP features. A sample TP, for the Stage 2 TS 25.300, is provided in [12] as input material for further discussion during RAN85bis meeting.
3.1
Impact to CPC operation
In current handling of CPC, UL DTX and DL DRX can be terminated by the serving cell (i.e. serving HS-DSCH cell). The following options are proposed for coordinating:

Option 1: When Serving E-DCH cell decoupling is active, the activation and deactivation of DL DRX and UL DTX is communicated to the UE using a HS-SCCH order sent from the serving HS-DSCH cell. 
Option 2: When Serving E-DCH cell decoupling is active, the activation and deactivation of DL DRX and UL DTX is communicated to the UE using a HS-SCCH order additionally from the serving E-DCH cell.

Option 3: Since E-DCH decoupling operates with the same assumption as Multiflow (cell edge feature) and are likely to be enabled at the same time, the CPC configuration constraints agreed for Multiflow could also be considered here.
Proposal 4: Discuss the above options for CPC interworking with E-DCH decoupling.

3.2
Impact to Dual Cell E-DCH operation
To coordinate the activation and deactivation of multi-carrier HSDPA with Dual Cell E-DCH, the following options are proposed:
Option 1: When Serving E-DCH cell decoupling is active, to coordinate the activation and deactivation of multi-carrier downlink (i.e. dual, four and eight) feature with Dual Cell E-DCH, legacy Iub procedures are reused (e.g. based on the SECONDARY UL FREQUENCY UPDATE INDICATION and SECONDARY UL FREQUENCY REPORT).
Option 2: UE is asked to monitor additional HS-SCCH order from serving E-DCH cell that will specifically deactivate/reactivate secondary uplink carrier. This means that secondary downlink carrier deactivation is still managed as usual but the uplink deactivation role is taken by E-DCH serving cell.
Proposal 5: Discuss the above options for Dual Cell E-DCH interworking with E-DCH decoupling.
3.3
Impact to UL CLTD
As per [8], the CLTD activation (changing UL_CLTD_Active from zero to any non-zero value) and deactivation (changing UL_CLTD_Active to zero) can be performed by RRC signalling. HS-SCCH orders are used for switching between UL_CLTD_Active values of 1, 2 and 3. These values mean the following: 1 corresponds to beamforming, 2 correspond to antenna switching to the first antenna only and 3 correspond to antenna switching to the second antenna only. Thus, UL_CLTD_Active is used for antenna switching itself and for selection of either beamforming or antenna switching. To coordinate the switching between different CLTD active states the following are proposed:
Option 1: When Serving E-DCH cell decoupling is active, the HS-SCCH order for switching between the various UL CLTD active states is received from the serving HS-DSCH cell.
Option 2: HS-SCCH order is received from the serving E-DCH cell. 
Proposal 6: Discuss the above options for UL CLTD interworking with E-DCH decoupling.
3.4
Impact to UL MIMO
In [6], the L3 procedure section describes that if an E-DCH serving cell is configured, this cell is configured to determine the precoding weights;

Option 1: When Serving E-DCH cell decoupling is active the F-TPICH to be received from serving E-DCH cell.

Proposal 7: Discuss the above option for UL MIMO interworking with E-DCH decoupling.

3.5
Impact to HSUPA compressed mode

There seem to be no new interworking issues for this feature.
4
Conclusion
In this discussion paper we have presented some considerations

Proposal 1: Agree on a simple way forward considering that E-DCH decoupling could be specified by reusing existing triggers to keep the lowest specification and implementation cost.

Proposal 2: Agree on a simple way forward considering that E-DCH decoupling could be specified by reusing existing signalling procedures to save network and UE implementation cost.

Proposal 3: Discuss further the feasibility of reusing legacy signalling for E-DCH decoupling.
Proposal 4: Discuss the above options for CPC interworking with E-DCH decoupling.

Proposal 5: Discuss the above options for Dual Cell E-DCH interworking with E-DCH decoupling.
Proposal 6: Discuss the above options for UL CLTD interworking with E-DCH decoupling.
Proposal 7: Discuss the above option for UL MIMO interworking with E-DCH decoupling.
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