Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG1 Meeting #65
R1-111544
Barcelona, Spain, 9th – 13th May 2011
Agenda item:
5.4
Source:

Qualcomm Incorporated
Title:

Summary of Findings on HSDPA MP-Tx Schemes
Document for:
Discussion and Decision

1
Introduction
A study item for HSDPA Multi Point Transmission Schemes was proposed in RAN plenary meeting #50 ([1]). Simulation Assumptions were agreed upon in [2]. A number of contributions [3]-[24] were subsequently submitted to RAN WG1 meetings #64 and #65 for the study item. 
In this contribution, we attempt to summarize the observations made from the simulation results obtained for SF-DC aggregation and Intra NodeB SF-DC switching. The objective is to identify a framework that would be used for drafting a final set of conclusions for the TR.
2
Summary
The following HSDPA Multipoint Transmission Schemes were proposed in ‎[1] and have been investigated by RAN WG1.

· SF-DC Aggregation:

· Each pair of cells can simultaneously schedule a transport block on the HS-DSCH to the UE in the same frequency.
· The two cells can belong to either the same Node-B (Intra-Node-B Aggregation) or to non co-located Node-Bs (Inter-Node-B Aggregation).

· The UE monitors HS-SCCH on both cells.

· The ACK/NACK and CQI information for each cell are transmitted jointly per TTI

· In the Inter-Node-B case, both cells decode the HS-DPCCH.

· The UE has two Rx antennas and is a Type 3i receiver.

· Intra-NB SF-DC Switching:

· One out of two cells can schedule a transport block on the HS-DSCH to the UE in the same frequency.
· The two cells belong to the same Node-B. 

· The choice of the cell that schedules the transport block is based on the CQI feedback.

· The UE monitors HS-SCCH on both cells.

· The CQI information is transmitted jointly per TTI.

· The HARQ retransmission in a particular TTI can be scheduled on either cell.

· The UE has a single Rx antenna and has an LMMSE receiver.
Based on the results obtained, the following conclusions can be made:
Macro Cells:

Intra-Node-B and Inter-Node-B SF-DC aggregation schemes provide substantial gains to users in the softer and soft handover regions of the cell respectively, for the bursty traffic model studied when cells in the system are uniformly loaded. The results can be found in the contributions [3]-[24]. It should be noted that the burst rate gains decrease as the cell load increases. In the lightly loaded system, a gain between 40% and 50% is experienced by a user in either softer or soft handover region. In the macro system, 9% of UEs are in softer handover and 36% of UEs in soft handover. Therefore, Intra+Inter-NB aggregation provides much higher gain in terms of overall system performance than Intra-NB SF-DC aggregation alone.
The gains in burst rates were similar for both PA3 and VA3 channel models. For the Inter-NB SF-DC aggregation schemes, boosting the HS-DPCCH ACK C2P on the UL reduces the ACK decoding error at the secondary serving cell such that the impact on throughput can be considered negligible.
Remote Radio Heads:

In the studied RRH scenarios, the percentage of softer handover UE increases to 16% and that of soft handover UEs decreases to 29%. Therefore, in these RRH scenarios, the gains in burst rates with Intra-Node-B aggregation were higher than they were in the Macro-scenario. .

Non-Uniform Loading:
For non-uniformly loaded systems, these aggregation schemes further provide load-balancing gains to users in the handover regions, by routing the data for these users through the lighter loaded cells. For the users in the handover region of the heavily loaded cells, the gain from these aggregation schemes is much higher than that for users in similar locations in uniformly loaded systems. Furthermore, gains for these users have been shown to increase with loading. For example, with 100% SF-DC penetration, at a medium load of 12 UEs/cell, with uniform loading, a soft handover UE achieves a gain around 24% with Intra NodeB + Inter NodeB aggregation [7]. If the heavily loaded cells have 12 UEs/cell, the gain increases to 35% [8] in the case on non-uniform loading. 
The gap in the gain increases with load and becomes quite significant at high loads. For example, with 100% SF-DC penetration, at a high load of 36 UEs/cell, the SF-DC gain is negligible under uniform loading; but if a center cell is loaded to the same level under non-uniform loading, a soft handover UE there can achieve a gain in excess of 100% [8].
Intra-Node-B SF-DC switching:

It has been shown in that Intra-Node-B SF-DC switching scheme provides some performance gains to UEs in the softer handover region. The gains were larger for the PA3 channel than they were for the VA3 channel as the latter has more time diversity properties. 

For non-uniformly loaded systems, the switching scheme also provides load balancing gains. These gains are modest in comparison to the aggregation schemes, as it is essential for the secondary serving cell CQI to be better than the serving cell in order for a UE to get scheduled from the secondary serving cell.  
RLC impact:

For the case of Inter-Node-B SF-DC aggregation, the impact from out-of-order RLC packet delivery is assessed in [20]-[24] with the RLC enhancements [25] and a reference Iub flow control algorithm [20]. Compared to the cases with ideal RLC and ideal Iub flow control, the RLC layer throughput gain from Inter-Node-B SF-DC aggregation has only decreased modestly. For example, in the uniformly lightly loaded system, the soft handover UE achieves 30-33% gain with ideal RLC and flow control; the same UE achieves 23-27% gain with realistic RLC and flow control. The trends of SF-DC gain with respect to load also remains the same. The amount of gain from Inter-Node-B SF-DC aggregation remains significantly higher than that from the Intra-Node-B SF-DC aggregation even with practical RLC and Iub flow control mechanisms. 
Impact on non-SF-DC UEs:
UEs that are non-SF-DC include legacy UEs as well as UEs who are SF-DC capable but are not located in the handover region. As seen in all the results ([3] to [25]), all the SF-DC gains discussed above in terms of burst rate and load balancing can be achieved without degrading the performance of non-SF-DC UEs.  
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