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1 Introduction

Multipoint transmission for HSDPA was studied by RAN1 during 2011 with the conclusion that, from the concepts that were considered, the Multiflow variants (SF-DC-HSDPA, DF-DC-HSDPA etc.) are able to provide benefits in bursty traffic conditions for softer and soft handover users with a feasible level of complexity. RAN#53 launched a Work Item to standardize Multiflow for HSDPA with the following objectives:
· Specify the following HSDPA Multiflow Data Transmission technique where all cells reside in the same NodeB

· Simultaneous HSDPA transmission from a pair of cells operating on the same carrier frequency in any given TTI to a particular user (Single-Frequency Dual-Cell aggregation)

· Extension of above enabling operation in a dual carrier configuration with two cell pairs, each on their respective carrier frequencies (Dual-Frequency Quad-Cell aggregation)

· 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
· Specify the following HSDPA Multiflow Data Transmission technique where cells may reside in different NodeBs

· Simultaneous HSDPA transmission from a pair of cells operating on the same carrier frequency in any given TTI to a particular user (Single-Frequency Dual-Cell aggregation)

· The two cells in the cell pair may reside in different NodeBs

· Extension of above enabling operation in a dual carrier configuration with two cell pairs, each on their respective carrier frequencies (Dual-Frequency Quad-Cell aggregation)

· The cell pairs may reside in different NodeBs

· For HSDPA Multiflow Data Transmission technique where cells may reside in different NodeBs, the benefits of any technique should be weighed against the complexity of the network implementation required and special care must be taken to ensure complexity of network implementation is minimized  

· In particular, inter-site multiflow data split options other than those listed in subclause 9.3 of 25.872 may be investigated

· Additional configuration options where the cells in a cell pair do not operate on the same carrier frequency shall not be precluded

 This paper provides an overview of the Multiflow concept, considering aspects which potentially have implications to the RAN4 RF requirements specifications.
2 Overview of the Multiflow concept
The concept behind multiflow is similar to that behind the dual carrier technologies. A UE may be scheduled from 2 cells in order to increase user throughput. Unlike dual carrier, the 2 cells do not cover the same geographical area; they may for example cover different sectors at the same site, different radio heads in an RRH deployment or even be scheduled from different sites.
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Similarly to dual carrier HSDPA, scheduling from the two cells is independent, and HS-SCCH relating to a cell is transmitted from the cell in question. Separate HARQ processes are maintained. Single or Dual carrier UL may be employed, but UL signaling feedback will take place on the primary carrier only, as with DC-HSDPA.
It should be noted that the gains arising from multiflow rely on the availability and efficiency of an interference aware, Type 3i receiver. Without an interference mitigating receiver, the additional intercell interference arising from dual transmission counteracts the gain in data rate, such that there is in the end zero net gain.

The two cells from which the UE is scheduled may be on the same carrier, in which case the scheme is known as SF-DC-HSDPA (Single Frequency, Dual Cell). However a number of multicarrier alternatives can be envisaged, in which a terminal may be scheduled from a set of carriers and sites, with the combination of scheduled carriers/sites potentially changing dynamically. RAN1 has concluded that the following configurations should be supported:

· SF-DC-HSDPA, in which only a single carrier is employed and a capable UE may be scheduled from two sites (or sectors of the same Node B)
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· DF-4C-HSDPA, in which two carriers are employed and a capable UE may be scheduled on either or both of the carriers from either or both of the sites/sectors
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Multipoint transmission via SF-DC-HSDPA or DF-4C-HSDPA differs from DC-HSDPA and DB-DC-HSDPA in a number of significant aspects:

Synchronisation between the cells

Both DC-HSDPA and DB-HSDPA require that the two cells are time and frequency synchronized. SF-DC-HSDPA and DF-4C-HSDPA may be transmitted from the same Node B or from different Node Bs. When transmitted from the same Node B, time and frequency synchronization can be provided between the sectors. However the current specifications allow for an offset, TCell between the cell timing of different sectors in order to avoid collision of the synchronization channels. Therefore, the DL HSDPA timing may be offset by a constant factor.

When transmitted from different Node Bs, it is difficult, in general to provide time and frequency synchronization. The frequency error requirement in 25.104 is 0.05ppm for a wide area basestation and 0.1ppm for medium and local area basestations. That implies a worst case frequency difference of 0.1-0.2ppm from the two serving cells for intersite multiflow.
HS-DPCCH reception

The CQI and ACK/NACK relating to the secondary serving cell needs to be received by the secondary serving cell. This may imply HS-DPCCH reception under somewhat more adverse radio conditions than in Rel-10.
HARQ RTT

Since the timing of the two cells is offset, if the current time budget for decoding and scheduling is maintained at the UE and Node B, then the availability time of ACK/NACK may differ between cells. This may be solved by reducing the processing time at the UE, or allocating a larger number of HARQ processes than the minimum.
L2/3 implications

Similarly to DC-HSDPA, there is a need to split data flows to different cells. When the two scheduling sectors belong to the same Node B, then the split can take place at MAC-hs in the same manner as DC-HSDPA. However if the sectors belong to different Node Bs, then there is no common MAC-hs across which splitting can occur and splitting must take place at the RNC.
3 The impact of multiflow on the RAN4 core RF specifications
3.1 Node B RF specifications
Multiflow involves scheduling a UE from two cells. The transmission of HS-PDSCH in each of the cells is exactly the same as in the non multiflow case. The fact that a transmission is a multiflow transmission is transparent to all functionality below MAC. Therefore, in the main introducing multiflow does not impact the Node B TX or RX RF specifications. The maximum frequency error requirements in 25.104 will to some extent impact intersite multiflow, however these requirements need not be adjusted as there are no RF impacts with the existing synchronisation.

3.2 UE RF specifications

In order to be SF-DC-HSDPA multiflow capable, a UE needs to be capable of receiving simultaneously from two unsynchronised HSDPA cells on the same carrier. In order to be DF-DC-HSDPA or DF-4C-HSDPA multiflow capable, a UE needs to be capable of receiving simultaneously from two unsynchronised HSDPA cells on 2 separated carriers. In the following we show a generic UE RF receiver architecture supporting two antennas at the receiver as shown in figure 3.1 for single receiver architecture and in figure 3.1 for dual receiver architecture. A single receiver UE architecture can be used in general for decoding a single carrier signal as well as a multiflow single carrier signal (SF-DC-HSDPA) with no additional losses, filters or noise sources. A dual receiver UE architecture can be used in general for decoding a dual carrier (or band) signal as well as a multiflow dual carrier signal with no additional losses, filters or noise sources. 
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Figure 3.1: Single receiver architecture
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 Figure 3.2: Dual receiver architecture
There is therefore no reason to relax any of the current requirements in order to support multiflow. The impact of multiflow on the individual RF requirements is examined below with the conclusion that the coverage of the current requirements is sufficient for multiflow:

Reference sensitivity

Reference sensitivity is a test relating to the receiver noise floor. The HS-PDSCH power is at the minimum level required to be detected in the receiver. In the multiflow case, the UE needs to be able to demodulate from two cells simultaneously. In this case, each of the cells must be received at least at or above the reference sensitivity. No changes are expected in the transmitted power which could increase the noise on receiver side.
In principle, a multiflow reference sensitivity test could be defined in which two cells are present, however such a test would confuse demodulation in presence of intercell interference (type 3i receiver performance requirements) and RF receiver testing. Furthermore, the allowable UE noise level would then need to be more relaxed than in the single cell reference sensitivity case, and any UE would anyhow need to comply with the more stringent single RX cell reference sensitivity, making an additional requirement redundant.
Thus there seems to be no need to change or add to the existing RX sensitivity tests.

Maximum input level
The maximum input level is related to the dynamic range and quantisation noise in the UE receiver. As in the reference sensitivity case, in principle, a multiflow maximum input level test could be defined in which two cells are present, however such a test would confuse demodulation in presence of intercell interference (type 3i receiver performance requirements) and RF receiver testing. However the introduction of multiflow will not introduce any new scenarios in relation to RX power and interference in any network. Therefore a multiflow UE should not experience any larger RX power than a legacy UE would do in today’s networks, and the maximum input level requirement in the current specifications is sufficient.

Adjacent channel selectivity, blocking, spurious response, intermodulation
Adjacent channel sensitivity is defined with a single HS-PDSCH channel and no interference. The HS-PDSCH channel is well above reference sensitivity, and so the performance depends on interference leakage from the adjacent channel.
Similarly to reference sensitivity, with multiflow there will be 2 cells present. In practice, the presence of in band inter-cell interference will decrease the significance of adjacent channel interference and a special multiflow related requirement could be introduced which would be more relaxed. However since and UE implementation would need to meet the non multiflow requirement, introduction of any such requirements would be redundant.

Similar arguments can be applied to conclude that there is not any need for further spurious response related requirements. 

Intermodulation requirements relate to the impact of the interactions of out of band signals causing in band interference. Again, the intermodulation requirements are defined with no other forms of in band interference and the receive HS-PDSCH level set above reference sensitivity. Thus the existing requirements, which apply for demodulating each of the two cells are worst case and there is not a need to define further requirements.
Receiver spurious emissions

Since a multiflow UE should not experience any different receiver conditions and must not transmit any type of differing UL signal than any other type of UE, there is no need to apply different or additional requirements relating to receiver spurious emissions.
UE Transmitter requirements

No new form of UL transmission is introduced for multiflow, and thus no impact to UE transmitter requirements is envisaged.
4 Conclusion

The implications of introducing SF-DC-HSDPA and DF-4C-HSDPA on RF requirements have been considered, with the conclusion that there will not be any need for any new or revised RF requirements for Multiflow. Therefore we propose that RAN4 conclude the following:
Proposal 1: No new or revised RF requirements are introduced for Multipoint Transmission
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