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1 Introduction
At RAN#50, a new study item ([1]) was established on feasibility study on HSDPA multipoint transmission (MP-HSDPA). In this paper, some considerations on the study item are provided.
2 Discussion
2.1 Overview
Based on the study item description ([1]), the main objectives are:
· Identify the potential HSDPA multipoint transmission methods and evaluate their system performance and user experience benefits for the following scenarios:

a. Simultaneous HSDPA transmission from a pair of cells operating on the same carrier frequency in any given TTI to a particular user.

b. Single HSDPA transmission from any one of the two cells operating on the same carrier frequency in any given TTI to a particular user.

c. In addition to a single carrier operation, consideration shall also be given to the operation of the HSDPA multipoint transmission method in combination with Release 10 functionality, e.g. MC-HSDPA+MIMO x 2 sectors.

d. Functionality currently defined in DC-HSDPA and/or 4C-HSDPA for e.g. channel coding of CQI reports and CQI reporting measurement procedures should be reused where possible

e. Any impact to legacy terminals from any of the proposed methods should be clarified as part of the study.

· Identify potential standardization impact for HSDPA multipoint transmission operation:

· Identify impact to implementation that are relevant to the following for both Intra-NodeB and Inter NodeB same frequency cell aggregation and cell switching:

a. ME

b. RAN

MP-HSDPA feature helps to improve the throughput of cell edge users, as it allows the UE to receive HSDPA data from multi cells from one or more frequencies. At the last RAN1#64 meeting, the TR was put on email approval [2]. Seven candidate schemes have been identified so far.
2.1.1 SF-DC Aggregation

Figure 1 shows intra-NodeB and inter-NodeB SF-DC aggregation schemes. In this case each of a pair of cells can simultaneously schedule HSDPA data to the UE on the frequency f1.


[image: image1.emf]NodeB

Cell 1  Cell 2

Intra-NodeB SF-DC Aggregation

NodeB 1

Cell 1  Cell 2

Inter-NodeB SF-DC Aggregation

NodeB 2

f1


Figure 1: SF-DC Aggregation
2.1.2 SF-DC Switching

Figure 2 shows intra-NodeB and inter-NodeB SF-DC switching schemes. In this case only one out of two cells can schedule HSDPA data to the UE on the frequency f1 per TTI.
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Figure 2: SF-DC Switching
2.1.3 DF-DC Aggregation

Figure 3 shows intra-NodeB and inter-NodeB DF-DC aggregation scheme. In this case the UE is configured on a pair of frequencies (f1, f2), and the two cells can be on the same frequency f1 or on different frequencies (f1, f2). 
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Figure 3: DF-DC Aggregation
2.1.4 DF-4C Aggregation

Figure 4 shows intra-NodeB and inter-NodeB DF-4C aggregation scheme. In this case the UE is configured on a pair of frequencies (f1, f2), and each of a pair of cells on each frequency can schedule HSDPA data to the UE. 
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Figure 4: DF-4C Aggregation
2.1.5 DF-4C Switching

Figure 5 shows intra-NodeB and inter-NodeB DF-4C switching scheme. In this case the UE is configured on a pair of frequencies (f1, f2), and one out of two cells on each frequency can schedule HSDPA data to the UE.
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Figure 5: DF-4C Switching
2.1.6 HS-SFN with DDTx
The scheme enables network DTX HS-PDSCH during certain TTIs in order to decrease neighbour cell interference. This requires co-ordinated scheduling between sites.

2.1.7 HS-SFN with Feedback

The scheme is similar to SF-DC Aggregation scheme, and the difference is that each one of a pair of cells synchronously transmits the same transmission to the UE, and UE will benefit from downlink transmission diversity gain.
2.2 Definitions

For the purpose of this contribution, the following terms are defined:
SF (Single Frequency) mode: including SF-DC Aggregation, SF-DC Switching, HS-SFN

DF (Dual Frequency) mode: including DF-DC Aggregation, DF-4C Aggregation, DF-4C Switching
Serving cell (Primary serving cell): The cell which the UE access or the cell which the UE firstly established a radio link on
MP-HSDPA secondary serving cell: The cell which is not the UE’s serving cell (Primary serving cell), which is different from the current definition of Secondary serving HS-DSCH cell(s).

Secondary serving HS-DSCH cell(s): In addition to the serving HS-DSCH cell, the set of cells where the UE is configured to simultaneously monitor an HS-SCCH set and receive the HS-DSCH if it is scheduled in that cell. There can be up to 3 secondary serving HS-DSCH cells. If the UE is configured with two uplink frequencies, the first secondary serving HS-DSCH cell is the secondary serving HS-DSCH cell that is associated with the secondary uplink frequency.

MP-HSDPA secondary uplink frequency: A secondary uplink frequency is an uplink frequency associated with a MP-HSDPA secondary serving cell.
2.3 Mobility consideration
In Rel-8 DC-HSDPA operation, mobility is based on legacy mobility procedures based on the serving cell, this is due to the fact that both serving cells (carriers) have the same coverage and there is no need to have measurement on the secondary carrier. Since there is more than one serving cell from either current frequency or MP-HSDPA secondary uplink frequency, the mobility cases will be different from DC-HSDPA. 

For SF mode, since both serving cells are on the same frequency, it is natural to re-use the current intra-frequency measurements to configure the MP-HSDPA secondary serving cell. For DF mode, since the UE is configured on two frequencies without the same coverage, it is suggested to re-use the current intra-frequency measurements for DC-HSUPA to configure MP-HSDPA secondary serving cell on the secondary carrier. This could minimize the impact on the standards.
Further scenarios may be analyzed, for example MP-HSDPA secondary serving cell changed without changing primary serving cell.
2.4 MP-HSDPA capability

Before being able to configure MP-HSDPA, , both the UE and the network should be MP-HSDPA capable. The capability indication may be separated among different schemes, e.g. one indication for each scheme, or a common indication for all schemes can be used. It is also noted that a legacy capability indication could be re-used or extended if the MP-HSDPA scheme is dependent on a legacy feature, e.g. SF-DC operation is dependent on DC-HSDPA operation.
2.5 Impact on Physical layer
DTX/DRX and HS-SCCH less features could help to save user power consumption and improve network capacity, when considering MP-HSDPA. It is reasonable to analyze these features e.g. whether DTX/DRX operation is operated on both serving cells or restricted to the serving cell.
It is valuable to consider activating or de-activating MP-HSDPA secondary serving cell for the following reasons:

· UE power savings
· network loading balancing

· dynamically switching on/off MP-HSDPA operation (e.g. like enhanced serving cell change mechanism)
Either the RNC or the Node B can control the status of MP-HSDPA secondary serving cells. If the RNC is in control, then RRC messages can be used, whereas if the Node B is in control, then HS-SCCH orders can be used.

2.6 Impact on MAC layer
When considering the impact of the introduction of MP-HSDPA on MAC layer, the scheduling strategy and the MAC entity design should be analyzed in order to carefully evaluate the impact on legacy UEs.
RAN1 has reached the initial system simulation assumption in [3]. For downlink scheduling strategy, the following methods are suggested:

The companies should describe the scheduling used. One example scheduling approach is described below

· For Intra-NodeB aggregation, a single scheduler is assumed.

· For Inter-NodeB aggregation, the scheduler at each cell is independent without any information exchange. 

· For a UE i, served by cell k, either as the primary or secondary serving cell, its priority is the classic PF metric: Rreq, i,k/( αi,k Rserved,i,k) where Rreq, i,k is the requested data rate based on CQI, Rserved,i,k is the average served rate and αi,k is a scaling factor. 

· For each cell, two classes of UEs are defined during scheduling,

· Class A: UEs that have this cell as serving (via strongest link).

· Class B: UEs that do NOT have this cell as serving (via weaker link).

The used prioritisation mechanism between Class A and Class B UEs shall be described.
Based on the above description, it can be seen that there is a trade-off between the gain of MP-HSDPA UEs and legacy UEs. If a class A UE has absolute higher priority, then a MP-HSDPA UE will be scheduled on the secondary serving cell only if network has available resource, then a legacy UE will not be affected. If a class A UE does not have absolute higher priority, then a MP-HSDPA UE may seize some of network resource and a legacy UE will be affected. In conclusion, impact on legacy UEs is dependent on the specific scheduling strategy.
RAN1 has assumed that there is only one MAC-ehs entity at the UE for intra-NodeB scheme, and there are two MAC-ehs entities at the UE for inter-NodeB scheme, one for each cell. For intra-NodeB scheme, since the network will handle two HS-DSCH transport channels and corresponding uplink feedback, it is simple to re-use Rel-8 DC-HSDPA MAC architecture, e.g. one HARQ entity per serving cell. Reordering, duplicate detection, segmentation and reassembly functions are joint for these HS-DSCH transport channels and HARQ entities. The benefit of the approach is that there is almost no change to the UE (DC-HSDPA capable) and no new MAC protocols are needed. 
2.7 Impact on RLC layer
So far, the main challenges brought by inter-NodeB scheme are RLC layer design and Iub flow control. In order to support inter-NodeB scheme, it can be seen that there will be two data flow from two sites, so the RLC entity will have to be modified to support independent data flows. 
There has already been a “SN gap” issue for inter-Node B scheme raised in RAN1, which shows that the current RLC handling mechanism will cause unnecessary RLC retransmissions between two data flows, so it is proposed that RAN2 studies the issue if necessary.
2.8 Impact on RRC layer
By introducing the new feature, RRC messages need to be extended in order to support MP-HSDPA configurations and mobility procedures. It is probably not necessary to send a complete RRC message each time, in order to achieve Uu interface signaling savings.
For what concerns mobility, RNC may be enhanced to support MP-HSDPA decision. For example, when the UE has reported 1A event to the network, the RNC needs to check the cell from which 1A has been received and decide whether the cell is appropriate for MP-HSDPA operation. This decision may be based on capability, available resources, loading and so on.
3 Conclusion

In this contribution, we give a first analysis on the aspects that should be evaluated for the study item HSDPA Multipoint transmission, including an overview of candidate schemes, some mobility consideration, and a quick analysis on MP-HSDPA capability and impact on layers of protocol. 
In general, there will be some impact on RAN3 by introducing MP-HSDPA feature, and it can be seen that current definitions and procedures could be extended to support MP-HSDPA feature. The biggest challenges are expected to be brought by the introduction of inter-Node B scheme, from the point of view of RLC and Iub flow control.
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