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1
Introduction

At RAN#50, a SI was opened on HSPA multipoint transmission [1], which shall enable increased throughput for cell edge UEs. It enables UEs who have the capability of dual baseband operation to receive two packets at the same time. In this paper, we present some intial considerations on different options for this feature, in particular Single Frequency Duall cell operation (SF-DC), HS-SFN and Fast cell switching (FCS).
2 Considerations on SF-DC 
2.1 Deployment scenarios
In a realistic deployment, SF-DC may not provide significant gains in all scenarios. The topic has been addressed to some extent in [2]. Preliminary simulation results show that most gains are obtained in scenarios with asymmetric loads, e.g. a heavily loaded cell adjacent to lower load cells. There will be less gain in dense urban or rural areas with symmetric loading. The gains may also be less depending on the presence of legacy UEs and the penetration rate of SF-DC capable UEs. 
Therefore, asymmetric loading scenarios should be investigated with priority, though the gains for SF-DC should also be determined with symmetric loading and low loaded cells. . 
2.2 Features on NodeB
2.2.1 Timing and Feedback
Time offset between two NodeBs (T-Cell) is another important aspect for SF-DC. With different T-cell, UEs can sufficiently distinguish different cells. But with the different cell timing, it is difficult to pack both cell’s ACKs and CQIs to one HS-DPCCH because of the timeline restriction and the capabilities of NodeB or UE. According to the cell timing relationship (in [2] figure 14), it’s helpful to use dynamic binding of subframes of first and the second-serving cell. But until now there is no restriction of the cell timing difference between different NodeBs which results in undetermined timing of different NodeBs, It is proposed that a new synchronization signalling should be introduced between different NodeBs. T-cell should be limited to a range of values for balancing the timing requirement between the NodeB and UEs.
2.2.2 Scheduling and Flow control 
The scheduling policy plays an important role for the performance. Inter-NodeB transmission becomes a hard problem to cope with. How to distribute data from RLC to two NodeB’s MAC is a problem. The scheduler should make the best effort to transmit data from local MAC, but it is not always feasible due to the complicated environment such as link quality restriction, changing cell load or priority queue, etc. All factors will affect the transmission while RNC is not able to forecast whether the scheduler can successfully send out the packet in time. If one of the Iub links stalls, the other one can not unrestrainedly push data either as the UE has the limited RLC window size. 
Example 1 (Figure1 left):

The UE is moving out of cell 1 and entering cell 2. The RNC has previously pushed to much data to cell1’s MAC, but now the link quality from cell 1 cannot afford the transmission. That would cause the RLC stalling and retransmission.

Example 2: (Figure1 right)
The UE has better link performance with cell 1; but cell 1 encounters heavy load. The scheduler cannot allocate resource to UE but the RLC distributes too much data to cell 1’s MAC. That would cause the RLC stalling and retransmission.
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Figure 1 Improper data distributor in RNC RLC.

In total, the Iub data flow should be well controlled to avoid the improper data distributing. The RNC has to jointly consider the status of MAC queue, the link quality, cell load and the policy of scheduler. Currently in [2] a solution was proposed to address the RLC transmission gap problem through distinguishing the genuine packet loss or the skew. But we think the performance of new protocols needs further simulation. And the Iub flow control policies should be simulated for comparison.
2.2.3 HARQ
Comparing to the RLC retransmission, the MAC retransmission (or HARQ) may take fewer resources on the air interface. The same thing that happens on RLC (see figure 1) will happen on MAC layer too. So our target is to reduce the RLC retransmissions caused by the MAC stalling as much as possible. There is not any problem in the intra-NodeB case as the nodeB can freely choose from which cell to transmit data for the shared MAC. In contrast, in the inter-NodeB case, the cell may not always have a chance to do the retransmission from the same MAC for the reasons mentioned above. The main problem is that the cell has no way to let the data be retransmitted from the other cell. Only RNC keeps a record of MAC data, then the RNC can initiate another transmission from another cell so as to avoid the high cost of RLC retransmission.
There are apparently a lot of solutions that can be introduced to avoid the RLC retransmission problem, but they all need interactions between cells. So we think it is highly important to find simple and effective messages for such interactions.
2.3 Advanced UE Receiver
An advanced type3i receiver in an SF-DC capable UE can to some extend suppress the interference brought by transmission on the other cell. However, the increasing interference from the other cell may have lead to some degradation on the legacy UEs without type3i receiver. The influence from second serving cell transmission is highly dependent on the scheduler. If the scheduler can prevent the transmission at the same time in two cells, the interference can be avoided to a large extent so as to obtain higher performance. Yet the cooperation between different nodeBs cannot be easily achieved and may require some synchronisation of the scheduling information between the two schedulers to align the scheduling decisions.

Depending on the penetration of UEs with advanced type3i receiver, the NodeB may have very limited space for scheduling of SF-DC transmissions. At the same time exchanging scheduling information also consumes a lot of Iub bandwidth. Overall we believe that the availability and penetration of UEs with an advanced type 3i receiver is a key factor for the gains that can be achieved by multi-cell transmission. 
3 HS-SFN scheme
HS-SFN was firstly proposed in [4] and the figure below shows the basic transmission principle: 
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Figure 2 Normal vs. HS-SFN transmission ([5] figure 1)

For HS-SFN transmission, Cell 1 uses the same scrambling code with cell 0. As a consequence legacy UEs in cell 1 and the other channels of HS-SFN UEs will suffer more interference, because the HS-PDSCH and HS-SCCH are transmitted without space isolation. For normal transmissions, there would be at least space or carrier isolation for different cells. 

There is also a cell-timing problem that was mentioned already in [5]. If the time offset is larger than the equalizer window, the UE has to demodulate from two cells separately and then combine the different signals. As a consequence the noise impact on common channels would be higher than in the normal transmission and affect the channel estimation, CQI computation and common channel performance. Besides, we think the above discussion on SF-DC deployment will affect HS-SFN as well.

Overall, we think that the impacts brought by HS-SFN need further evaluation.
4 Fast Cell Selection
There were several discussions on fast cell selection in the past already [6] [7] [8]. FCS can be categorized into two types depending on the control entity.
1. NodeB Controlled

· The NodeB can take the cell resource and cell loading into consideration. This makes the cell selection more reasonable and can prevent conflicts between the UE’s decision and the available resources in the cell.
· In the intra NodeB case, there are only minor modifications needed. The information is shared in one NodeB. For the inter-NodeB case, the HARQ state should be synchronized which means a data path between NodeBs is needed. There are three ways to implement such information exchange: RNC network signaling; over the air physical layer signaling, or over the air higher layer signaling.

· The UE has to monitor HS-SCCHs from multiple cells as the data can be transmitting from any cell. Otherwise, a new signaling for the transmitting cell is needed.
2. UE Controlled

· A best cell indication is needed from the UE in this case and the corresponding uplink channel should be very reliable reliable no matter which cell is chosen.

· The UE only needs to monitor the HS-SCCH from one cell. But there may be some delay before UE gets the relevant scheduling information.
· The NodeB can inform the UE about available cell resources or cell load. That could give the UE more information to make a better choice although it consumes some downlink resource.
Our view is that FCS can be seen as a special option for multi-cell transmission. There were many discussions on FCS already in the past from 2000 to 2002. The result at that time was that it may have less gain in the intra-NodeB case than in inter-NodeB case, but requires much higher complexity and signalling for the inter-NodeB case. Nowadays, a BBU centre may be a solution for this kind of problems.
5 Conclusions

In this contribution, we considerdetail several aspects related to mutli-cell transmission options. We identified that key factors for the gains with mutli-cell transmission are:

· Load distribution in the different cells. Here we think that both asymmetric and symmetric scenarios should be considered while most gains may be obtained in asymmetric scenarios

· Availability and penetration of advanced receivers, e.g. type 3i.

We also identified that the inter-NodeB case may yield some additional challenges:
· In order to coordinate the processing time for both UE and NodeB, a maximal time offset between NodeBs may be needed and synchronised between the NodeBs. 
· RLC data distribution may impact the performance a lot. The RLC and Iub optimization is a key issue in the inter-nodeB case.
· HARQ may need some additional mechanism to synchronize between different NodeBs with RNC signalling or by a large capacity backhaul, etc.

We also addressed several issues with HS-SFN and FCS as special options for multi-cell transmission.
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