3GPP TSG-RAN WG1 Meeting #64














     R1-111057
Taipei, Taiwan, 21st -25th  February, 2011
Source: 
Nokia Siemens Networks, Nokia
Title: 
Multisite transmission and MIMO considerations
Agenda Item:
5.4
Document for:
Discussion
Introduction
During RAN1#63bis, RAN1 started discussions about multisite transmissions schemes and agreed a set of baseline simulation assumptions. It was agreed to focus on a 1x2 (per cell) scenario with Pedestrian A and Vehicular A channel models.
During recent years, MIMO has demonstrated an ability to enhance both mean cell throughput and cell edge performance (by means of Rank 1 transmissions) and deployment of  MIMO cells has commenced. Furthermore, MIMO is able to improve peak rates for no soft and softer handover users.
Since multisite transmissions aim to improve cell edge user performance and investment in MIMO deployments is occurring today, it is of interest to consider how the considered multisite transmission gains interwork with existing MIMO schemes; in particular whether the gains are alternative, additive or complimentary.
MIMO system description

We assume a scenario in which MIMO is deployed in the network with 2 transmit antennas in each cell. Figure 1 shows the transmitter configuration. The P-CPICH and control channels are transmitted from the primary antenna in each cell. An S-CPICH is transmitted from the secondary antenna. The HS-DSCH is transmitted from both antennas, with a phase offset applied at antenna 2. The phase offset is dependent on the UE that has been scheduled and is not known in neighbour cells.
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Figure 1 Downlink MIMO configuration
MIMO Impacts to multiflow
Application of multiflow is unlikely to break MIMO operation. Two potential impacts of MIMO to multiflow are identified; reduced multistream gain at high SINR and compromised type 3i equaliser performance.
Reduced multistream gain at high SINR
Previous contributions considering HS-SFN and multiflow gains noted that the gain from multiflow is larger at high SINR than at low SINR, whereas the gain from HS-SFN is higher at low SINR than high SINR. In fact, the SINR achieved with HS-SFN is as good as or even higher than for multiflow, even though the throughput levels are the same or lower with type 3i.The reason for this is that at high SINR, the 1x2 links are better able to exploit the available SINR using multiflow because of the existence of two streams. With a single stream, link efficiency would be compromised by the need to move to higher coding rates and/or higher order modulation.
Considering MIMO cells, at high SINR we might expect one or both of the cells to make rank 2 transmissions some of the time. Thus, the performance of the baseline is not limited by single stream transmission during those TTIs.

The relative benefit for multiflow of having 2, 3 or 4 streams (from both cells) available compared to such a baseline will be lower than the benefit of multiflow having 2 streams available when the baseline is always limited to one.

Thus, although the throughput of Multiflow will not be directly compromised, the relative gain over the baseline will decrease at high SINR values (such as occur at sector borders near to the Node B). The extent of the decrease will depend on the proportion of the TTIs during which rank 2 transmission is possible in the baseline.

Compromised type3i equaliser performance

Previous simulation results have shown that a type 3i equaliser is essential to realise the gains of multiflow. The type 3i equaliser accounts for the interference from at least the neighbour sector considering it’s channel impulse response:
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In a MIMO cell, the energy from the neighbour cell will have 3 components:

· P-CPICH and control channels, received from the first antenna (~20-30% of RX energy)

· S-CPICH received from the second antenna (~5-10% of RX energy)

· HS-PDSCH, received from both antennas with a phase offset applied at antenna 2 (65-75% of received energy)

We assume that a multiflow configured UE would be aware of the MIMO configuration of the neighbour cell. However if the HS-PDSCH in the neighbour cell is scheduled to another user, then the equaliser will not be aware of the weights applied to the HS-PDSCH and will not be able to apply type3i equalisation correctly. If the HS-PDSCH is scheduled to the UE in question as part of a multiflow transmission, then the UE will be aware of the weights applied at both cells and can apply the type 3i equaliser. However it should be noted that since the received energy consists of 3 components with different channel matrices, the effectiveness of the type 3i is likely to be compromised to a small degree in this case also.

Simulations thus far for multiflow and the description of the example scheduler in the simulation assumptions do not require that the UE is scheduled simultaneously from both participating cells. Rather, the transmissions can occur in different TTIs. Consider the UE depicted in figure 2 which participates in multiflow from cells A and B. In some TTIs, the UE may be scheduled from both cells simultaneously. However it is likely that a significant proportion of the time, the transmissions from cells A and B will not be made in the same TTI. However due to the fact that cell A schedules the UE (and other UEs) with multiflow transmissions, the probability that cell A will need to schedule a different user whilst cell B schedules the multiflow user (and vice versa) is significantly increased compared to the baseline. As discussed above, when such events occur, the performance of the type 3i receiver is compromised. Thus, the probability of the UE experiencing interference that cannot be effectively dealt with by the type 3i receiver is significantly increased compared with the baseline case.
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Figure 2 Example Multiflow UE
Two options exist for dealing with this effect:

· Live with reduced type 3i equaliser performance, which will compromise multiflow gains

· Restrict the scheduler to only schedule a UE with multiflow simultaneously during the same TTI. This would reduce scheduler flexibility and multiflow gain. Furthermore, it is not feasible for intersite multiflow.

MIMO impacts to HS-SFN

With HS-SFN, only one stream is transmitted when HS-SFN is scheduled in the 1x2 configuration. With 2x2 MIMO, dual stream could be scheduled assuming transmission of the same data on the same scrambling code from both of the participating cells. The extent to which rank 2 transmissions could be achieved with HS-SFN needs further study. However clearly:

· If the amount of rank 2 transmission TTIs with HS-SFN exceeds that of rank 2 transmissions using no HS-SFN (single cell), then there will be a further gain for HS-SFN for high C/I users

· If HS-SFN does not achieve rank 2 transmission as often as single cell then high C/I users may see less throughput (However the SINR for such users could still be increased, so the extent of the reduction would need further study).

Whether HS-SFN can be considered to “break” (or enhance) MIMO operation depends on the proportion of rank 2 transmissions that can be obtained with HS-SFN. Since the HS-SFN channel is an addition of 2 semi-correlated Rayleigh channels with increased SINR, it is unlikely that the possibilities for rank 2 transmissions would significantly reduce.

HS-SFN already requires that the UE is scheduled simultaneously from both participating cells and the performance of the equaliser would not be compromised.

Conclusions

Since MIMO deployment is intended to improve throughput, including throughput for cell edge users and since operators are investing in MIMO deployments, it is important to consider the interaction of multisite transmission and MIMO. This qualitative evaluation suggests that multiflow would not break MIMO, but the gains of multiflow over the baseline would decrease. HS-SFN would be unlikely to break MIMO, but the amount of rank 2 transmission possibilities should be checked. In the event of more Rank 2 transmissions becoming possible (due to e.g. increase SINR), HS-SFN gain could even increase over a MIMO baseline compared to the gain over a 1x2 baseline.
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