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1 Introduction

Since RAN#53 meeting, a new work item “HSDPA multiflow data transmission” was approved [1] and four scenarios of MF were agreed to be supported at least for non-MIMO in [2]. There are still some considerations on downlink for introducing MF operation. In this contribution, we will further discuss some issues including activating/deactivating MF operation, HS-SCCH monitoring and the corresponding contents about CPC. 
2 Dynamic Control of MF Operation

As we know, multi-flow operation is mainly useful for improving the coverage by increasing edge UEs’ throughput, but not all scenarios are optimal to perform MF operation. In the case where the MF capable UE moves from cell-edge to cell-center, if the MF capable UE still performs MF operation to receive secondary flow from the other cell, the second flow condition is probably too bad and results in too many retransmissions. Meanwhile, the primary flow may be unnecessarily affected by the undesirable signal from the secondary flow. While one possible solution to this (and potential other) problem would be to dynamically activate and deactivate MF operation. In [3] we propose that the MF-HSDPA UE reports the composite ACK/NACK to the primary serving cell and the secondary serving cell using the Rel-8 HS-DPCCH format. To dynamically control MF operation, we have some considerations:

· Who makes the decision of activating / deactivating MF operation?
Obviously there are two choices: UE or the network, and in principle both the network and the UE could control activation / deactivation of MF operation. Considering that the network has the better knowledge of the cell resource, cell loading and uplink interference, it seems reasonable to dynamically control MF operation by the network. This makes the decision more reasonable and can prevent conflicts between the UE’s decision and the available resources in the cell.
Proposal 1: It’s up to the network to decide activation / deactivation of MF operation.

· How to make the decision of activating / deactivating MF operation?
If activation / deactivation of MF operation is necessary, then an important question is relying on what criterion to decide activation / deactivation of MF operation. This consideration should be investigated further if dynamic activation / deactivation of MF operation is allowed. For example, when UEs move into SHO area, the MF operation should be activated and when UEs move out of SHO area, there is no need to keep MF operation. Meanwhile, the load of the (candidate) secondary serving cells should be considered. If all the candidate secondary serving cells are already heavily loaded, it would be hard to activate MF operation. Moreover, as for DF-4C (Intra-NodeB or Inter-NodeB) the two flows from the second cell should be activated / deactivated together.

This is a more implementation related issue.
Proposal 2: The criterion to decide activation / deactivation of MF operation need to be investigated further.

· By what way to activate / deactivate MF operation?
Given that MF transmission involves two cases, Intra-Node B and Inter-Node B, it seems suitable to activate / deactivate MF operation by RRC signalling. If so, RAN1 should discuss the need to introduce signalling, whereby the Node B in the active set can suggest to the S-RNC that MF should be activated or deactivated. One shortcoming of this method is, when UEs move in/out of SHO area frequently, the activation / deactivation of MF operation would cause much signalling cost and delay.
Or let HS-SCCH orders activate / deactivate MF operation, for in the existing MC features, HS-SCCH orders are used to dynamically activate / deactivate secondary serving HS-DSCH cells. One issue for MF case is, it would be hard for a NodeB to activate / deactivate secondary serving HS-DSCH cells under other NodeB since no information exchange existing between two NodeBs. 
Moreover, we may also exploit a new downlink channel to activate / deactivate MF operation. But since the downlink code source is already scarce, a new channel may not be a good idea.
Proposal 3: Use RRC signalling for activation / deactivation of MF operation.
All above discussion is based on the necessity of dynamic control MF operation. If the cost of activation/deactivation is too high, we may also consider abandoning dynamic control of MF operation.
3 CPC
CPC (Continuous Packet Connectivity) comprises a bundle of features that aim to optimize the support of packet data users in a HSPA+ network. Downlink discontinuous reception (DRX) allows the network to limit the number of subframes where the UE has to monitor the HS-SCCH in order to reduce UE battery consumption. Since MF operation refers to two different cells, it is beneficial to apply a common DRX state for the involved cells. Considering the time offset between two NodeBs in inter-NodeB case, UE_DTX_DRX_Offset [6] parameter may have different values. All the discussions are based on the assumption of joint feedback [3].
The HS-SCCH reception pattern with UE_DRX_cycle=4 is illustrated by Figure 1, and the primary serving cell is earlier than the secondary serving cell. The parameter τ is the time offset between the primary serving cell and the secondary serving cell. We have ((5*CFN_DRX - UE_DTX_DRX_Offset + S_DRX ) MOD UE_DRX cycle) = 0 to define the specific reception pattern, where CFN_DRX is the discontinuous reception radio frame number and S_DRX is the subframe number of HS-SCCH discontinuous reception. Different τ may result in different UE_DTX_DRX_Offset values. Here we give two examples of the value of τ.
We use UE_DTX_DRX_Offset1 stands for the primary serving cell and UE_DTX_DRX_Offset2 for the secondary cell. When τ is smaller than 1.5 slots, the subframe 1 of the primary cell and the subframe 1 of the secondary cell are paired, the pink and the green subframes in the Figure 1 correspond to the HS-SCCH reception pattern. In this case UE_DTX_DRX_Offset1 = UE_DTX_DRX_Offset2.

When τ is between 1.5 slots and 4.5 slots, the subframe 1 of the primary cell and the subframe 0 of the secondary cell are paired, and then the pink and the blue subframes in the Figure 1 correspond to the HS-SCCH reception pattern. In this case UE_DTX_DRX_Offset1 = UE_DTX_DRX_Offset2+1.
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Figure 1: HS-SCCH reception pattern, UE_DRX_cycle =4, the primary serving cell is earlier
Figure 2 is the case when the secondary cell is earlier. When τ is smaller than 1.5 slots, the subfarme1 of the primary cell and the subframe 1 of the secondary cell are paired, the pink and the green subframes correspond to the HS-SCCH reception pattern. In this case UE_DTX_DRX_Offset1 = UE_DTX_DRX_Offset2.

When τ is between 1.5 slots and 4.5 slots, the subframe 1 of the primary cell and the subframe 2 of the secondary cell are paired, and then the pink and the blue subframes correspond to the HS-SCCH reception pattern. In this case UE_DTX_DRX_Offset2 = UE_DTX_DRX_Offset1+1.
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Figure 2: HS-SCCH reception pattern, UE_DRX_cycle =4, the secondary serving cell is earlier
Generally, in case of serving cell timing prior to secondary serving cell, the parameters UE_DTX_DRX_Offset1, UE_DTX_DRX_Offset2 and τ satisfy:
UE_DTX_DRX_Offset1 = UE_DTX_DRX_Offset2 + ⌊(τ+1.5)/3⌋ (1)
And in case of secondary serving cell timing prior to serving cell, the parameters UE_DTX_DRX_Offset1, UE_DTX_DRX_Offset2 and τ satisfy: 
UE_DTX_DRX_Offset2 = UE_DTX_DRX_Offset1 + ⌊(τ+1.5)/3⌋ (2)
Proposal 4: The UE CPC mode is configured commonly for all configured cells with common CPC parameters except for the parameter UE_DTX_DRX_Offset.

Proposal 5: The parameter UE_DTX_DRX_Offset for different serving NodeBs should be set based on the value of the time offset τ between different serving cells.
4 Conclusions
In this contribution, we have discussed dynamic control of MF operation, the UE procedure of monitoring HS_SCCH and CPC. We have the following proposals:
Proposal 1: It’s up to the network to decide activation/deactivation of MF operation.
Proposal 2: The criterion to decide activation/deactivation of MF operation need to be investigated further.
Proposal 3: Use RRC signalling for activation/deactivation of MF operation.
Proposal 4: The UE CPC mode is configured commonly for all configured cells with common CPC parameters except for the parameter UE_DTX_DRX_Offset.
Proposal 5: The parameter UE_DTX_DRX_Offset for different serving NodeBs should be set based on the value of the time offset τ between different serving cells.
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