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1
Introduction
The Work Item [1] was proposed to study the performance of the current HS-DSCH serving cell change (SCC) procedure. Multiple documents [2] [3] [4] presenting the performance results of HS-DSCH serving cell change were presented in the Seville meeting. [3] and [4] showed evidence that the current serving cell change procedure may not be very robust under Urban Canyon conditions or under scenarios of high mobility with antenna downtilt in Node Bs.
We present two proposals for enhancing the HS-DSCH serving cell change procedure. Section 2 discusses the current serving cell change procedure. We present our proposed enhancements in Section 3. Section 4 presents conclusions.
2
Performance of Current HS-DSCH Serving Cell Change Procedure
According to current RRC procedures, HS-DSCH serving cell change can be either synchronized or unsynchronized. In the former case, the network indicates the activation time at which the UE will perform the serving cell change. Since the network does not know either how long it will take the RRC reconfiguration message (such as Physical Channel Reconfiguration (PCR)/Transport Channel Reconfiguration (TCR)/Radio Bearer Reconfiguration (RBR)) to be transmitted over the source cell or how long the UE will take to reconfigure on receiving the message, it has to assume the worst-case. Thus, it typically indicates a conservative activation time, leading to potentially large interruption for voice traffic, particularly if the source cell signal strength has degraded.

Under the unsynchronized serving cell change procedure, the network indicates an activation time of “now”. Thus, the UE is allowed to start listening to the target cell the moment it receives the RRC reconfiguration message and finishes its reconfiguration. This procedure does not need to assume the worst-case reception time of the RRC reconfiguration message at the UE, and is thus more suited for voice traffic. 
The performance of the unsynchronized serving cell change procedure was evaluated in [2], [3] and [4]. In particular, [3] and [4] showed evidence of high call drops under Urban Canyon conditions or under scenarios of high mobility with antenna downtilt in Node Bs. The key reason for these call drops is that the UE needs to receive the PCR/RBR/TCR message from the serving cell, which may be degrading fast under some of the conditions evaluated in [3] and [4].
3
Proposals for Enhancing HS-DSCH Serving Cell Change Procedure
As mentioned above, the UE needing to receive the PCR/RBR/TCR message from the serving cell is one key reason for the reduced robustness of the current SCC procedure. Thus, we believe that enhancements to the SCC procedure should allow the UE to be signalled of the change in serving cell by the target cell, while still maintaining control of the overall procedure at the RNC. To enable this, our proposals allow the UE to receive the serving cell related information (carried today in PCR/RBR/TCR message) in an Active Set Update message. Note that similar ideas have been proposed earlier in [5].
Both proposals presented in this document follow the same general call flow (shown in Figure 1):

· On sending Event 1A, UE is pre-loaded with serving cell related information through Active Set Update message. Cells in the active set are also pre-loaded with serving cell configuration and transport bearers are set up.
· On sending Event 1D, UE starts listening to a particular channel on the target cell for indication of serving cell change, while still decoding data from the source cell.
· On receiving Event 1D, RNC starts to bicast data to source as well as target cells. This minimizes data interruption for real-time services such as voice. RNC also instructs the target cell to indicate change of serving cell to the UE.
· Target cell indicates change of serving cell to the UE on a particular channel. On receiving indication of serving cell change from the target cell, UE sends indication on the uplink acknowledging this change, which is received at least by the target cell. The target cell starts serving the UE.
· The target cell informs the RNC of the successful change in serving cell. On receiving this, RNC stops bicasting.
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Figure 1: General Call Flow of Proposed Serving Cell Change Procedure

3.1        Proposal 1: HS-SCCH Order
.In this proposal, an HS-SCCH order from the target cell is used for indicating serving cell change to the UE. In this proposal, for a short period of time, the UE has to monitor an HS-SCCH from the target cell while still decoding data from the source cell. 

On the uplink, the UE can use either of these two forms to acknowledge reception of serving cell change:
· The UE indicates acknowledgment of the serving cell change by changing its uplink scrambling code; this is detected by both source as well as target cells (as well as other cells in the Active Set). Node Bs in the UE’s active set need to monitor and compare energy on two uplink scrambling codes for a short period of time.
Note that change in uplink scrambling code is already used in the Fast Reconfiguration procedure to allow NodeBs to detect that the UE has reconfigured after receiving the radio bearer setup message; this allows faster radio bearer setup [6]. Support for Fast Reconfiguration is defined in the Iub specification 25.433 [7]. 
To allow uplink scrambling code change to be used as an acknowledgment of reception of serving cell change, the UE needs to be given two uplink scrambling codes during the RRC Connection Setup procedure. The UE can then toggle between these two scrambling codes at each serving cell change. The RNC would also need to inform the NodeBs of the two scrambling codes used by the UE.
· The UE sends CQI 31 (which is an unused value of CQI) on the uplink to acknowledge receiving the serving cell change indication. When configured to do MIMO, the UE reports Type A and Type B CQIs. Type A values range from 0 to 255, while Type B ranges from 0 to 30. Thus, when configured to do MIMO, Type B CQI would need to be used for indicating CQI 31. 
Under severe link imbalance scenarios (i.e., weak uplink on the Target Cell), a number of CQI 31s may need to be sent to increase reliability of reception. Thus, the UE also sends an F-SCC Complete RRC message in addition to CQI 31. This message is selection combined and will help under severe link imbalance scenarios.
Thus, under severe link imbalance scenarios, the F-SCC Complete RRC message provides robustness of signalling. Under most regular scenarios, the CQI 31 signalling allows a quick way to complete serving cell change signalling.
The call flow for the scrambling code change uplink option is shown in Figure 2 and described below:
1) The UE is provided two uplink scrambling codes as part of RRC Connection Setup or Cell Update Confirm. These scrambling codes are also provided by the RNC to Node Bs in the UE’s active set.
2) The UE sends an Event 1A and receives all serving cell related information (such as Serving HS-DSCH Cell Information, E-DCH Reconfiguration Information) in the Active Set Update (ASU) message, for each cell being added to the active set. This information also includes the HS-SCCH channelization code that the UE has to monitor if a cell in the active set became the target cell in the serving cell change procedure. 
Note that Rel 6 additions to the ASU message allow IEs such as Serving HS-DSCH Cell Information and E-DCH Reconfiguration Information to be carried in the ASU message. However, in this case, the UE is supposed to switch to the serving cell indicated in the ASU message. In the proposed procedure, the UE would store all the serving cell related information and apply it on switching to the target cell.
The RNC also prepares the new cell being added to the Active Set, using the NBAP message Radio Link Reconfiguration Prepare. This message will also require some changes, such as addition of the HS-SCCH channelization code to be used for indicating serving cell change to the UE.
3) After sending Event 1D, the UE starts to monitor HS-SCCH (on the channelization code indicated in the ASU message) from the target cell, while still decoding data from the source cell (this helps to minimize interruptions in voice traffic).
4) On receiving Event 1D, RNC instructs the target cell to indicate change of serving cell to the UE. RNC instructs all cells in the active set to start monitoring both scrambling codes till the UE switches to the new scrambling code. RNC also starts to bicast data to source as well as target cell. This minimizes data interruption for real-time services such as voice.
5) The target cell starts sending HS-SCCH orders to the UE.

6) On receiving indication of serving cell change from the target cell through an HS-SCCH order, UE changes its uplink scrambling code. This change in scrambling code is detected by source as well as target cells. The target cell can now start serving the UE, while the source cell can stop serving the UE.
7) The target cell informs the RNC of the successful change in serving cell. On receiving this, RNC stops bicasting.






















Figure 2: Call Flow of Serving Cell Change in Proposal 1 with Scrambling Code Change Option on the Uplink
The call for the CQI 31 uplink option is shown in Figure 3:









Figure 3: Call Flow of Serving Cell Change in Proposal 1 with CQI 31 Option on the Uplink
Impact to Specification
Proposal 1 has the following impacts to specifications:

1. For the uplink scrambling code change option, two uplink scrambling codes are provided by the RNC to the UE as well as to Node Bs in the UE’s active set. To indicate two scrambling codes to the UE, new IEs need to be added to the RRC Connection Setup and Cell Update Confirm messages. Indication of two scrambling codes to Node Bs requires some changes on the Iub, similar to the changes introduced for the Fast Reconfiguration procedure [6]. For the CQI 31 uplink option, the use of CQI 31 needs to be defined for the serving cell change procedure.
2. All serving cell related information is communicated to the UE at active set update. This requires some new IEs to be carried in Active Set Update messages.
3. Changes to UE procedures to monitor HS-SCCH (on a particular channelization code) from the target cell after sending Event 1D, and to change scrambling code when HS-SCCH order indicating serving cell change is received.
4. The NBAP messages, Radio Link Reconfiguration Prepare and Radio Link Reconfiguration Commit, require some change, such as addition of the HS-SCCH channelization code to be used for indicating serving cell change to the UE. Moreover, a new NBAP message, Cell Switch Complete, sent by Target Cell to RNC to indicate completion of serving cell change procedure is needed.
3.2        Proposal 2: New Channel Similar to E-RGCH
Proposal 2 is similar to Proposal 1, except that instead of using an HS-SCCH order from the target cell to indicate serving cell change, a new channel (say Serving Cell Change Channel or SCCCH) carried in the same way as E-RGCH or E-HICH from the non-serving cell is used. As per current specification, for a particular UE, E-RGCH and E-HICH are carried on the same channelization code. The new channel, SCCCH, is proposed to be carried in the same channelization code as E-RGCH and E-HICH, but with a different signature sequence (out of the 40 allowed per channelization code). +1 and -1 can be signalled on SCCCH bits, and this way two UEs can be assigned the same signature sequence.

Since a UE needs to monitor only one channelization code for E-RGCH, E-HICH and SCCCH (same as in the current specifications), we see no major impact to UE implementation. The code impact for this proposal, studied in [8], is found to be minimal (1 SF 128 code in the worst case).
To acknowledge reception serving cell change, the UE can either change scrambling code or send CQI 31 on the uplink as described for Proposal 1.
Figure 4 shows the call flow of Proposal 2 assuming the scrambling code change option for the uplink. The CQI 31 option is not shown, but can be derived by replacing scrambling code by CQI 31 (similar as shown in Figure 3). The following are the steps in Figure 4 (the steps that are different from Figure 2 are highlighted):

1) The UE is provided two uplink scrambling codes as part of RRC Connection Setup or Cell Update Confirm. These scrambling codes are also provided by the RNC to Node Bs in the UE’s active set.

2) The UE sends an Event 1A and receives all serving cell related information (such as Serving HS-DSCH Cell Information, E-DCH Reconfiguration Information) in the Active Set Update (ASU) message, for each cell being added to the active set. The UE also receives a signature sequence to be used for the SCCCH, on the same channelization code as the E-HICH and E-RGCH.
The RNC also prepares the new cell being added to the Active Set, using the NBAP message Radio Link Reconfiguration Prepare. This message will also require some changes, such as addition of the HS-SCCH channelization code to be used for indicating serving cell change to the UE.

3) After sending Event 1D, the UE monitors SCCCH from the target cell, while still decoding data from the source cell (this helps to minimize interruptions in voice traffic).

4) On receiving Event 1D, RNC instructs the target cell to indicate change of serving cell to the UE. RNC instructs all cells in the active set to start monitoring both scrambling codes till the UE switches to the new scrambling code. RNC also starts to bicast data to source as well as target cell. This minimizes data interruption for real-time services such as voice.

5) The target cell starts indicating change of serving cell to the UE on the SCCCH.
6) On receiving indication of serving cell change from the target cell through SCCCH, UE changes its uplink scrambling code. This change in scrambling code is detected by source as well as target cells. The target cell can now start serving the UE, while the source cell can stop serving the UE.

7) The target cell informs the RNC of the successful change in serving cell. On receiving this, RNC stops bicasting.










Figure 4: Call Flow of Serving Cell Change in Proposal 2
Impact to Specification
Proposal 2 has the specification impacts 1, 2 and 4, as described for Proposal 1. Proposal 2 does not have the HS-SCCH impact of Proposal 1; instead it has the following impact:
· A new SCCCH channel, which is transmitted on the same channelization code as E-RGCH and E-HICH, but uses a different signature sequence (out of the 40 allowed per channelization code).
One advantage of the SCCCH based proposal over the HS-SCCH based proposal is in the case of periodic reporting of Measurement Reports. Under this scenario, in Proposal 1, there is no clear indication for the UE to start monitoring an HS-SCCH from the target cell. In Proposal 2, the UE can monitor SCCCH all the time when it is configured (just like E-HICH or E-RGCH). Thus, Proposal 2 lends itself also quite well to periodic reporting. In the case of event-triggered reporting, on the other hand, there is a clear point in the call flow (i.e., Event 1D) where the UE can start monitoring HS-SCCH from the target cell.
4
Conclusions
We presented two proposals for enhancing the HS-DSCH serving cell change procedure. The first proposal relies on indicating serving cell change to the UE using HS-SCCH orders from the target cell. The second proposal uses a new channel carried on the same channelization code as E-RGCH (or E-HICH) from the non-serving target cell to indicate serving cell change to the UE. In both proposals, the UE has two options for acknowledging reception of serving cell change indication: changing its uplink scrambling code or sending CQI 31.
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