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1.
Introduction
In HSDPA, the serving HS-DSCH radio link is configured using a RRC RB control message and the UE receives the HS-DSCH from the indicated cell. Depending on the channel quality, the UE will identify the best cell in a RRC measurement report and when applicable the network will modify the serving HS-DSCH radio link using a reconfiguration procedure. In this document we will call this procedure “re-pointing”.

Enhancements to this layer 3 signaling based re-pointing scheme have already been proposed (see [1]). In this document we discuss a possible enhancement relying on layer 2 signalling to achieve faster and more reliable re-pointing. It should be noted that the proposed scheme makes use of MAC-e signaling and will therefore only be applicable for cases where both HS-DSCH and E-DCH are configured.
2.
Background

2.1
Current re-pointing scheme

As mentioned above the current re-pointing scheme comprises two main RRC procedures:

· Measurement procedure:
Event 1d (Change of best cell) is configured and then triggered.

· Reconfiguration procedure:

New serving HS-DSCH radio link is identified and the associated reception configuration is provided to the UE.

Because of the need to exchange several pieces of information between the UE and the S-RNC, it takes some time to complete these procedures. It is therefore possible that in the meantime the UE would lose the radio link on the serving HS-DSCH cell, leading to considerable interruption time in HSPDA service. 
2.2
Limitations of current scheme

Delay:

The current procedures are relying fully on the S-RNC, which is time consuming. To achieve faster re-pointing, the intervention of the S-RNC should be minimised. Using MAC signalling for the re-pointing would be advantageous in that respect, especially in case of an intra-Node B serving HS-DSCH cell change.
Call integrity:

The current scheme requires good downlink as well as uplink radio quality for the procedures to be completed. Indeed, all of the associated messages (measurement report for Event 1d and re-configuration message) would typically be sent in AM mode. 

When using an associated DCH on downlink, this is not an issue, as this link benefits from soft-handoff. For Rel-6 however, the F-PDCH (fractional PDCH) was introduced to achieve more efficient code resource usage in downlink by sharing a code among HSDPA activated users. This link would only be used for the purpose of power control and would not carry any higher layer data.  The signalling radio bearers will therefore be mapped on HS-DSCH. If the UE loses the radio connection on HS-PDSCH, it not even be able to complete the reconfiguration procedure. The only way to recover from such a condition would be for the UE to perform a Cell Update procedure.

3.
Proposal
We believe it is highly desirable to introduce a faster and more robust re-pointing method in Rel-6. Our proposal is to use a layer 2 re-pointing mechanism, which we believe will offer better performance in terms of required time to do re-pointing. The UE would report the preferred radio link using Layer 2 signalling and then autonomously start listening to the HS-DSCH on this cell.

Below we are providing the summary of the proposed scheme and required changes to the specification.
3.1
HSDPA active set

In order for the UE to be able to autonomously change its serving HS-DSCH cell it is necessary for the required configuration to have been signalled to it a priori for all candidate cells (i.e. channel parameter, etc.). 
It should be noted that there are many conditions in which cells in the active set would not be suitable to provide HSDPA service to UEs. For example it is possible that some cells do not have hardware support for HSDPA or are simply too loaded. Since the new scheme relies on MAC-e signalling, candidate cells should also be E-DCH capable. For those reason the candidate cells, which we will call “HSDPA active set”, may need to be a subset of the conventional active set. Each cell in the HSDPA active set will be assigned an identity, so that it can be identified in the layer 2 signalling.
Proposal:

· Modify reconfiguration messages to be able to signal the IE “Downlink HS-PDSCH information” for non-serving HS-DSCH cells.

· Modify reconfiguration messages to be able to indicate the “HSDPA active set” and an identity for each cell in the HSDPA active set.

· Consider making the same modification to the ACTIVE SET UPDATE message.

3.2
Layer 2 signalling

As mentioned above, we propose that UEs signal on Layer 2 the identity of the cell from which they want to receive data. Since MAC-hs and MAC-e are located in Node B in the current protocol architecture, using MAC-e signalling for the re-pointing would be advantageous, since the SRNC would not necessarily need to be involved. 
Since the maximum number of cells in the active set is 6, a 3 bits field would be more than sufficient to indicate the identity of the preferred cell. Whether the identity is placed in MAC-e header or sent in piggybacked manner in a MAC-e PDU is for further discussion. 
Additionally in order for each Node-B in a UEs HSDPA active set to be ready for the repointing procedure, the cell identities that it has been assigned and the associated HSDPA configurations would need to have been signalled to them by S-RNC. 

Proposal:

· Specify 3 bits field for cell identity in the MAC-e header. It is for further discussion where to place this field.

· Specify signalling to inform the Node-B of its cell identities and the associated HSDPA configurations.

3.3
UE measurement procedure

It is proposed to link the cell identity that the UE transmits on MAC-e signalling to the present UE measurement procedure used for the purpose of re-configuring the serving HS-DSCH cell. A new measurement reporting mode can be specified as follows:

1. If a cell in HSDPA active set triggered the event 1d, the UE will report the identity of the cell by MAC-e signalling.

2. If a cell outside of HSDPA active set triggered the event 1d, the UE can follow the current Release 5 behaviour described in 2.1 and report the measurement using RRC signaling.

Case 2 could for example arise due to some cells in the active set not being HSDPA capable. Since there is no way for UTRAN to influence the UE motion, it would anyway need to initiate some kind of reconfiguration procedure, e.g. to re-configure the UE to use DCH or to send it to another frequency. However, using L3 signalling would give it more choice.
If a re-pointing is performed within Node-B (intra-Node B re-pointing), intervention of the RNC will be quite limited. On the other hand if it is an inter-Node B re-pointing, RNC involvement, which is costly from delay point of view, is inevitable. Finally, if the preferred cell is outside the HSDPA active set then we would need to rely entirely on L3 signalling, further increasing the delay.

In this sense it would make sense to use different hysteresis values for the three possible scenarios, i.e. re-pointing between cells in the same radio link set, re-pointing between cells in different radio link sets and re-pointing to a cell that is outside the HSDPA active set.
Proposal:

· Specify a new measurement reporting mode that a UE utilises MAC signalling for measurement report.

· Specify different hysteresis for event 1d for each of the three scenario identified in this section.
3.4
Reliability of L2 signalling
Since timely completion of the mobility procedure is critical in order to maintain the link, reliable transmission of the re-pointing information is of the essence. A number of schemes could be considered to ensure decent reliability for MAC-e signalling. A similar discussion is currently ongoing for EUL rate requests [2]. This analysis could be used as a starting point.
Our understanding is that it is not necessary for both the source and target radio links to receive the preferred cell identity. In the case where the source and target radio links belong to different RLS (inter-Node-B case), the S-RNC would anyway have to be involved. Therefore, if either Node B receives the information it could notify the SRNC which would in turn complete the re-pointing procedure. In the intra-Node-B case the procedure would be performed within the Node-B and the S-RNC would only need to be notified after the change of serving HS-DSCH radio link has taken place.

The following is a brief summary of possible schemes.

· Power boosting:
This refers to increasing the power offset for a transmission of the cell identity. As discussed in [1] this could be used only when the cell identity is transmitted in a MAC-e PDU without data payload.

· Re-transmission:
It could be specified that the UE shall re-transmit the cell identity until it receives an acknowledgement either from a radio link set that the current serving HS-DSCH belongs to or from a radio link set that a target cell (i.e. a cell with a transmitted cell identity) belongs to, before actually changing a serving HS-DSCH cell. This reduces possible combinations for the HSDPA active set because a cell from which the UE should receive an acknowledgement has to be E-DCH capable. It could also be specified that the UE shall continue the re-transmission until it receives actual data from the target cell.

Proposal:

· Discuss how to achieve adequate reliability.

3.5
Timeline for L2 re-pointing scheme

The re-pointing could be performed according to the following timeline in order to increase the reliability:
1) Change of preferred cell is triggered based on the configured events (see section 3.3 above).

2) The UE starts sending the identity of the preferred cell as part of the MAC-e header.
3) The UE re-transmits the indication until it receives an ACK from either the source or the target cell.

4) Once the UE gets an ACK it starts listening to the HS-SCCH on the target cell.

5) The UE continues retransmitting the identity of the preferred cell until it successfully decodes data on the HS-DSCH from the target cell.

Proposal:

· Adopt this timeline for the change of serving HSDPA cell using L2 signalling.

4.
Conclusion

In this document we propose a scheme using Layer 2 signaling to improve the serving HS-DSCH cell change procedure. Although we only covered the HS-DSCH case, a similar mechanism could be introduced to implement the E-DCH serving cell re-configuration. If a way forward is agreed, Qualcomm will be happy to prepare a complete proposal according to the agreement.
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