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1
Introduction

In [1], the motivation behind deploying DC HSDPA UEs in Single frequency networks was discussed. Simulation results showed significant performance gains for UEs in soft and softer handover region, when UEs have RxD. In [2], [3], further results were shown for the more realistic cases of non-uniform loading. 
In [4], an alternate deployment (HS-SFN) was proposed. The scheme involves HS-transmission of a packet from two cells to a UE in the handover region of the two cells. In this contribution, we discuss the challenges related to HS-SFN operation.

2
HS-SFN Operation
As explained in [4], Figure 1 shows HS-SFN operation in a particular TTI. During normal transmissions (left part of figure), Cell 0 and Cell 1 transmit all channels on their respective scrambling codes. The right part of the figure shows HS-SFN transmission to a UE served by Cell 0, but in soft/softer-handover with Cell 1. During HS-SFN transmission to such a UE, note that the scrambling code for HS-channels transmitted from Cell 1 is the same as the scrambling code for Cell 0.
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Figure 1: Normal Vs HS-SFN Transmission (Color refers to Scrambling Code for Cells)
3
Some Considerations on HS-SFN operation
As mentioned above, HS-SFN operation requires transmission of the same packet from two cells to a UE in the handover region. Here are some of the challenges with HS-SFN operation. 

3.1
Cell Timing

Cell-timing has significant implications for HS-SFN. If cells are offset by more than the equalizer  window, then the UE will have to demodulate the packet from two cells separately and then combine them. 
3.2
Channel Estimation

Also, note that channel estimation is done based on P-CPICH. Hence, during HS-SFN transmission as shown in Figure 1, channel estimate from Cell 1 will be more noisy than that from Cell 0.
3.3
Common Channel Performance 

As shown in Figure 1, during HS-SFN transmissions, only the scrambling code for HS-channels is changed. Common channels such as PCCPCH, SCCPCH, PICH F-DPCH are transmitted as before. However, during HS-SFN transmissions, these chanels see increased interference and their decoding performance will suffer, particularly for legacy UEs. 

For example, consider the 2-cell system shown in Figure 2. UE 0 is served by Cell 0, but is located in the handover region of Cells 0 and 1. UE 0 is HS-SFN capable. UEs 1 and 2 are served by Cells 0 and 1 respectively and are not in handover.
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Figure 2: Two cell system example within a Node-B: Cells 0 and 1 serve 3 UEs: (UE 0, 1 and 2). 
Legacy R99 UEs see degraded performance. For example, in Figure 2, if UE 2 is an R99 UE, then its performance is degraded whenever HS-SFN transmission is done to UE 0. Since HS-SFN transmission happens on scrambling code for Cell 0, UE 2 will see increased interference. 
3.4
CQI computation

If UEs 1 and 2 are HS-capable, CQI computations will suffer in TTIs when HS-SFN transmission is scheduled. For the HS-SFN capable UE (UE 0), HS-SFN CQI computed during Non-HS-SFN TTIs will not be accurate. Nor will regular CQI generated during HS-SFN TTIs be accurate. 
Legacy UE 1 would see smaller out-of-cell interference when HS-SFN transmission happens (as HS-SFN transmission to UE 0 will happen on scrambling code of Cell 0, which is the serving cell for UE 1 as well), and reports optimistic CQI. On the other hand, legacy UE 2 will see higher out-of-cell interference and will report pessimistic CQI. 

3.5
Joint Scheduling across cells

Since HS-SFN requires transmission of the same packet from two cells, a joint scheduler is needed. This will only be possible for cells  within a Node-B. In other words, only Intra-NB HS-SFN will be feasible.
4
Conclusions

In this contribution, we have provided some considerations related to HS-SFN operation. HS-SFN operation is impacted by timing of the two cells from where HS-SFN transmission happens. HS-SFN operation also hurts common channel performance (PCCPCH, SCCPCH, PICH, DPCH/F-DPCH) in the cell, particularly for legacy UEs. For all HS-UEs, CQI computation could be significantly impacted when HS-SFN transmissions are scheduled. 
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