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Introduction

The role and use of HS-SCCH orders in multiflow HSDPA was briefly discussed in the previous RAN1 meeting ([1] and [2]), and it was decided that further investigation is needed. In this document, we discuss the use of the HS-SCCH orders for activation and deactivation of cells as well as the use of orders for HS-DPCCH power offset control.
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HS-SCCH Orders for Activation/Deactivation of cells in Multiflow HSDPA
In previous releases (Rel-8/9/10), multicarrier operation was specified for HSPA where the dynamic activation and deactivation of cells was allowed through HS-SCCH orders. The motivation for the introduction of these orders is as follows:
· Improve UE link budget 

· The power allocation at the UE ACK/NACK and CQI reports for all the cells on the HS-DPCCH channel occupies UE power headroom. Therefore, in scenarios where the amount of data does not warrant , multiple cells, the UE link budget is improved by the de-activation of unused cells
· UE battery life

· Deactivation of cells improves battery life by reducing current consumption since the UE could stop monitoring and decoding signals from deactivated cells. 

Additionally, in some cases, the HARQ-ACK codebooks and CQI formats were designed such that error events that might occur due to misdetections and false alarms are mitigated. 

In the case of Multiflow HSDPA, the arguments for allowing L-1 signaling for activation/deactivation of cells need to be re-examined. In the following, we consider the use of orders for the purpose of activation and de-activation for Intra and Inter NodeB multiflow operation.
2.1
Intra-NodeB Multiflow HSDPA
In the case of Intra-NodeB multiflow operation, all the cells involved in the operation of multiflow reside in the same NodeB. Therefore, the NodeB is aware of any consequences that may arise due to the activation and de-activation of cells, i.e., HS-DPCCH format changes, changes in timing etc. The NodeB is also aware of the timing when the transition to the new configuration takes place and can therefore make a similar transition in a timely fashion to ensure continuity in multiflow operation. Furthermore, the advantages afforded by the introduction of orders for activation/deactivation are the same as in multicarrier HSDPA. Due to these reasons, it is considered that HS-SCCH orders can be used for the purpose of activation and deactivation of cells in Intra-NodeB multiflow operation. Additionally, the orders specified for DC and 4C-HSDPA could be reused for multiflow as well.
Proposal 1: HS-SCCH orders are used for activation/deactivation of cells in Intra-NodeB multiflow operation. 

Proposal 2: HS-SCCH orders that have been specified for DC-HSDPA and 4C-HSDPA are reused for multiflow HSDPA. 

2.2

Inter-NodeB Multiflow HSDPA
In the case of Inter-NodeB multiflow operation, there are several aspects that need to be considered. Since the NodeBs are not co-located, the assisting and assisted NodeB would not be aware of each other’s deactivation or activation of one or more cells. This causes several problems in multiflow operation and would require significant changes to the existing specification resulting in additional complexity. 
The issues pertaining to the introduction of orders for Inter-NodeB multiflow operation are as follows:

· Deactivation of cells results in a change in the HS-DPCCH format. If the assisting or the assisted NodeB deactivates a carrier, then the other NodeB would not be able to decode the HS-DPCCH channel causing a significant impact to Multiflow operation. Preventing this would result in the introduction of new HS-DPCCH formats leading to additional complexity.
· If the assisted cell deactivates the assisting cell, any data remaining in the HARQ buffer would be lost and would have to be flushed out resulting in a performance degradation whenever deactivations occur

· The timing of the HS-DPCCH channel is based on one of the cells in multiflow. If that cell is deactivated, then UE would be forced to transition to the timing associated with the other remaining cell. However the remaining cell would be unaware that this shift in timing has occurred and would not be able to decode the HS-DPCCH.

· It may be possible to inform the other NodeB about a desired deactivation in advance – before the transmission of the order. However, in this case the information would have to be communicated through the RNC resulting in excessive delays. The objective of reducing the latency by the use of L1 signalling is essentially lost. Furthermore, it is not clear how the UE would be able to synchronize the transition between the NodeBs. Conceivably, even if a conservative activation time for the transition to occur were to be chosen, the other NodeB may still not have obtained information about this.

· Error events that may occur due to this may be severe. It is not clear how the other NodeB would recover after being unaware of the change to be made. There would be a need for additional complexity at the NodeB to allow for this.
· It is not clear what the criteria should be for re-activation of a carrier that has been previously deactivated. 

· Battery life savings can be obtained by simply entering the DRX state when there is no data to be transmitted. The inactivity period in certain scenarios may be aggressively set to ensure that maximum gains can be obtained.
Due to the above reasons, it is considered that L-1 signalling is not introduced for the purpose of activation/deactivation of cells for Inter-NodeB multiflow HSDPA.

Proposal 3: HS-SCCH orders are not used for activation/deactivation of cells for Inter-NodeB HSDPA. Changes to the multiflow configuration in this case are permitted only through RRC signalling. 
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HS-SCCH Orders for HS-DPCCH Power Offset Control

In multiflow HSDPA, the UL HS-DPCCH channel needs to be decoded by all the participating cells. In the case of Inter-NodeB multiflow operation, the power control using the F-DPCH may be insufficient to ensure that the power offset applied to the HS-DPCCH channel is sufficient to ensure adequate decoding performance. 
The use of HS-SCCH orders to control the HS-DPCCH power offset was suggested in [3]. Orders would be introduced to boost and de-boost the HS-DPCCH power offset as and when needed. The power offset step size could be 2dB. Both the assisting and assisted NodeBs would be capable of transmitting orders to control the HS-SCCH power offsets. The suggested intent for the use of the orders is to avoid delays that much occur through RRC signaling. 
After further consideration of the proposed scheme, we consider that there are several problematic aspects that arise. It is also not clear if the incentive for the use of the orders is satisfied. The issues to be considered are:

· A rule would have to be introduced so that the UE can resolve order conflicts. That is, if the assisting and assisted NodeBs order opposing behaviors – one instructing the UE to boost the HS-DPCCH power offset while the other to de-boost.

· A potential rule that can be considered is the “or-of-ups” rule which implies that if at least one of the cells orders a boost, the UE would increase the HS-DPCCH power offset. However, this might cause the UE to apply excessively high power offsets to the HS-DPCCH channel. If the uplink to an assisting or assisted NodeB is temporarily weak – due to UL/DL imbalances or shadowing – then the transmission of ‘boost’ orders might result in high power levels on the HS-DPCCH channel. This impacts the UE headroom as well as cause additional UL interference to the system. Another scenario is the case where the NodeB is not a strong participant in multiflow, in that the signal strength of the NodeB may be inherently weak. While the RNC would receive measurement reports and would have the requisite knowledge needed to adjust the power offsets, the NodeB may continue to increase the HS-DPCCH power levels to ensure reception quality. 

· A window would need to be introduced to account for the time misalignment of order reception from the NodeBs. That is, both the assisted and assisting NodeB could transmit ‘boost’ or ‘de-boost’ orders in consecutive TTIs resulting power offset swings of 4dB or more. 

· If a window if introduced, then the UE combines all the orders received in this time interval into a single order using the “or-of-ups” rule and applied only the combined order. However, ti is not clear what the window length should be. Too small a window would imply large swings in the power offset values on the HS-DPCCH resulting in unreliable decoding. Therefore, the window would have to be large enough to ensure that changes are not made too frequently. A large window essentially removes the intent for the introduction of the orders, which is to improve latency in power offset adjustment. RRC signaling that modifies the power offset may result in a similar latency when compared with the use of orders in this case.

· There could be scenarios where the HS-SCCH orders would be transmitted frequently resulting in additional overhead for downlink transmission thereby compromising the throughput.  
· The complexity of the introduction of a new “or-of-ups” rule and the constant monitoring of the orders and combining them over a window is undesirable especially since the potential reduction in latency may be limited. 
Due to the above reasons it is considered that HS-SCCH orders are not essential to control the power offsets on the HS-DPCCH channel. However, it may necessary for the RNC to be informed about the received SNR and the decoding performance of the ACK/NACK HS-DPCCH channel.

Proposal 4: HS-SCCH orders are not used for HS-DPCCH power offset control.
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Conclusions
In this document, the use of HS-DPCCH orders in multiflow HSDPA was discussed. The use of orders for activation and deactivation of cells for Intra and Inter NodeB multiflow was considered. Additionally, the use of orders for HS-DPCCH power offset control was also discussed. The following proposals were made:
Proposal 1: HS-SCCH orders are used for activation/deactivation of cells in Intra-NodeB multiflow operation. 

Proposal 2: HS-SCCH orders that have been specified for DC-HSDPA and 4C-HSDPA are reused for multiflow HSDPA. 
Proposal 3: HS-SCCH orders are not used for activation/deactivation of cells for Inter-NodeB HSDPA. Changes to the multiflow configuration in this case are permitted only through RRC signalling. 

Proposal 4: HS-SCCH orders are not used for HS-DPCCH power offset control.
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