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1 Introduction

In RAN plenary meeting #53 the new Work Item of HSDPA multiflow data transmission was agreed [1]. According to the scope of work item, there are basically two schemes to be addressed:

(1) Single-Frequency Dual-Cell aggregation (SF-DC): Simultaneous HSDPA transmission from a pair of cells operating on the same carrier frequency in any given TTI to a particular user
(2) Dual-Frequency Quad-Cell aggregation (DF-QC): Extension of above enabling operation in a dual carrier configuration with two cell pairs, each on their respective carrier frequencies
In this contribution, we provide some initial considerations on various aspects of these schemes, including scenarios, mobility and etc. 
2 Discussion
In order to facilitate the discussions in this paper, we have the following definitions:
Primary Serving Cell: the cell where UE initially access and has the RL set up
Secondary Serving Cell: the cell which is involved in MF-TX operation but not Primary Serving Cell.
Figure 1 shows a typical scenario of SF-DC aggregation,  both serving cells are on the same frequency and the two cells could be in same NodeB or different NodeBs. The discussions in 2.1~2.4 are mainly based on this SF-DC scheme.
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Figure 1: typical scenario of SF-DC aggregation

2.1 Mobility aspects
In [2] we provided initial analysis on mobility procedures on SF-DC aggregation. Since both serving cells are on the same frequency, we think the current Active Set Update procedure and reconfiguration procedure could be reused for SF-DC mobility, and this will avoid extra impact on specification. Some alternatives may also be considered if there are obvious gains.
Proposal 1: It is proposed to reuse current ASU and reconfiguration mechanism for SF-DC aggregation.
Currently serving HS-DSCH cell change is network-controlled, that is network makes the decision for the target HS-DSCH cell, and the decision could be based on UE measurement reports and other information available in the network. And there are two different possibilities for serving HS-DSCH cell change:
1.
Synchronized serving HS-DSCH cell change: Start and stop of HS-DSCH transmission and reception is performed at a certain time typically selected by the network;

2.
Unsynchronized serving HS-DSCH cell change: Start and stop of HS-DSCH transmission and reception is performed "as soon as possible" (stated by UE performance requirements) at either side.

For SF-DC aggregation, if event 1A is triggered and the new cell is from the same NodeB of the serving cell, if network decides to add the radio link as the secondary serving cell, then SRNC should establish a new radio link in the target cell and after that the network starts HS-DSCH transmission in the new cell. This procedure can be synchronized to ensure reliable downlink data transmission, but there is an activation time for configuration and it will introduce extra delay before the UE can receive data from secondary cell.
From the viewpoint of performance, unsynchronized procedure is more appropriate for SF-DC aggregation, because network could transmit data as soon as possible if UE has known the timing relation between primary serving cell and secondary serving cell, and in this case because there’s no HS-DPCCH in the secondary cell, the downlink synchronization of F-DPCH is not necessary or the downlink HS-DSCH transmission could happen earlier than downlink synchronization procedure in the new cell.
If the HS-DSCH serving cell change procedure is followed to add the secondary serving cell, the Radio Link has to be added for the secondary cell and there will be extra signaling for radio link configuration, an optimized approach is to omit the radio link addition process and simply configure the HSDPA channels in the secondary cell (like DC-HSDPA operation). But if the secondary cell becomes the primary cell later due to mobility reasons, the radio link addition still has to be carried out.

Proposal 2: It is proposed to discuss synchronized/unsynchronized procedure and possible optimizations to the procedure for SF-DC.
2.2 Dynamic control of secondary serving cell
In DC-HSDPA, in order to reduce the UE power consumption and improve uplink HS-DPCCH coverage, NodeB could activate or deactivate secondary serving cell directly by L1 signaling.

If dynamic control of the secondary serving cell is also introduced for SF-DC, there may be some issues for Inter-NodeB cases. If one NodeB activates or de-activates the secondary cell, the other NodeB may not be synchronized and this would lead to some data loss or HS-DPCCH mis-decoding. So for inter-NodeB SF-DC, if dynamic activation/deactivation is allowed, the RNC has to be also informed of the status and some mechanism needs to be devised to synchronize the status between NodeBs. 
Considering the above issues, it is suggested to further discuss the impact on dynamic control of the secondary serving cell by L1 signalling. 
Proposal 3: It is proposed to discuss impact on dynamic control of secondary serving cell by L1 signalling.
2.3 Interaction with CPC
CPC feature helps to reduce user power consumption and network capacity and it is interesting to study SF-DC aggregation interacted with CPC. There are following issues to be discussed:
(1) Whether HS-SCCH-less operation is restricted to the primary serving cell?
(2) Whether DTX/DRX operations are operated on both serving cells with the same configurations?
(3) Are DTX/DRX statuses on two serving cells always identical or can they be different?
(4) Is it possible to apply DTX/DRX on two inter-NodeB cells?

Proposal 4: It is proposed to discuss the issues of SF-DC aggregation in interaction with CPC.
2.4 UE categories
Since SF-DC aggregation involves two serving cells, which is similar to DC-HSDPA, UE categories similar to DC-HSDPA ones (categories 21, 22, 23 and 24) are proposed to be considered for SF-DC aggregation, and the same CQI-tables of DC-HSDPA categories can be reused for SF-DC UEs.

Proposal 5: It is proposed to discuss UE categories for SF-DC aggregation.
2.5 DF-QC aggregation
For DF-QC scheme, there are at most four serving cells from two frequencies for user, so the case is more complicated. Figure 2 shows a typical scenario, it is assumed cell 1 and cell 3 can be aggregated for DC-HSDPA and cell 2 and cell 4 can be aggregated for DC-HSDPA. For intra-NodeB case, network architecture like 4C-HSDPA can be considered and it is seen that there is little impact on NodeB for DF-QC aggregation.

For inter-NodeB case similar to the above analysis on SF-DC, there are still some open issues to be discussed at work item stage.
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Figure 2: typical scenario for DF-QC aggregation
It should be noted that the scenario in figure 2 is only one of the scenarios for DF-QC, and other scenarios are also possible and need to be evaluated:

Scenario 1: if one of the cell pair (e.g. cell 1 and cell 3) is not DC-HSDPA capable

Scenario 2: if one of the cell pair on the same frequency (e.g. cell 3 and cell 4) is not SF-DC capable

In addition, it is also proposed to consider the case that only three cells from two frequencies are involved in DF-QC operation, for example there cell 1, cell 2 and cell 3 are involved in DF-QC operation in figure 2, since in this case the user will also benefit from multi cell scheduling. 

Proposal 6: It is proposed to discuss the scenarios for DF-QC, including scenario 1 and scenario 2, and it is proposed to discuss whether DF-QC should include the case that only three cells from two frequencies are involved in DF-QC operation.

For mobility aspects, since serving cells are from the different frequencies, measurements on secondary frequency may be considered. However, there is no need to have measurements on  secondary frequency in case of typical scenario because mobility is only applicable on serving frequency for DC-HSDPA feature, for other scenarios, it is proposed to further study mobility issues if these scenarios are allowed.

3 Conclusion

In this contribution we give some initial considerations on various aspects of HSDPA multiflow data transmission, In general we think current mobility procedures can be used, however there are potential issues mentioned above to be further studied in RAN2.
Proposal 1: It is proposed to consider current ASU and reconfiguration mechanism for SF-DC aggregation.

Proposal 2: It is proposed to discuss synchronized/unsynchronized procedure and possible optimizations to the procedure for SF-DC..
Proposal 3: It is proposed to discuss the impact of dynamic control of the secondary serving cell by L1 signalling.

Proposal 4: It is proposed to discuss the issues of SF-DC aggregation in interaction with CPC.

Proposal 5: It is proposed to discuss UE categories for SF-DC aggregation.

Proposal 6: It is proposed to discuss the scenarios for DF-QC, including scenario 1 and scenario 2, and it is proposed to discuss whether DF-QC should include the case that only three cells from two frequencies are involved in DF-QC operation.
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