Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG1 Meeting #55bis
 R1-090240
Ljubljana, Slovenia, January 12 – 16, 2009
Agenda item:
12.5
Source: 
Nokia, Nokia Siemens Networks
Title:
Considerations on DL MIMO for LTE-Advanced
Document for: Discussion and Decision
1. Introduction

LTE-Advanced targets high spectrum efficiency as well as high peak data rates [1]. While several DL MIMO aspects of LTE Rel’8 would require to be revisited for this purpose, the design guidelines for LTE-Advanced are such that backward compatibility of Rel. 8 terminals in LTE-Advanced networks needs to be ensured. Moreover, the performance of Rel’8 terminals cannot be traded-off for LTE-Advanced design, considering that at the time of LTE-Advanced deployment, a significant number of Rel’8 UEs are expected to operate. In this contribution we present potential improvement areas, considering issues like common/dedicated reference signals design, single- and multi-user MIMO. 
2. Potential DL MIMO considerations for LTE-Advanced
Single User MIMO
Single-user MIMO schemes and associated signaling will need to be revisited for instance in the light of deployments with up to 8 transmit (Tx) antennas at eNodeB and potentially up to 8 receive (Rx) antennas at the user equipment (UE) side. Several key factors in the design of both open- and closed-loop solutions are:

· Operation on wider & possibly aggregated bandwidth targeted for LTE-Advanced implies higher complexity for both UE and eNodeB. 
· The overhead introduced by the support functions, like CQI & PMI reporting needs to be handled efficiently.
· Addressing a certain target environment for specific techniques can enhance their performance and at the same time simplify their design, more specifically the codebook design and RS overhead. The current technical report [1] states that system performance shall be enhanced for 0 to 10km/h, hence low mobility and potentially indoor/local area scenarios are expected to be the key assumptions behind future 8 Tx DL MIMO designs [1]. The system optimization point should be set for two or four receive (Rx) antennas at the UE rather than 8 Rx.
· Efficient use of the available eNodeB hardware, for instance if eight transmit antennas are used, the corresponding eight power amplifiers need to be exploited efficiently.
· Open-loop techniques are to be considered operating on up to eight transmit antennas. Open-loop transmission finds use when no accurate feedback can be provided by UEs e.g. due to high velocity or also in the case of common channels where no feedback is naturally available. Marginal gains of transmit diversity over 8 transmit antennas have been reported [3]. As expressed already by several companies, and given the backward compatibility requirements, running the LTE Rel’8 transmit diversity over a maximum of four virtual antennas seems to be a reasonable option. Given the low mobility assumption for high order spatial multiplexing  (rank>4), it is open at this point whether a new open-loop spatial multiplexing scheme needs to be designed, while for performance reasons, it is expected that closed-loop operation will prevail in this case. 
· Closed-loop techniques imply the use of codebook for DL transmission. An eight transmit antenna codebook will have to be specified. Following Rel’8 design criteria [4] seems a way forward. Additionally, the previous clarification on envisioned scenarios when eight transmit antennas are applied could simplify and enhance the codebook design. For example the usage of cross-polarized antennas, correlated scenarios should be clarified prior to elaborating the design itself. Naturally the amount of bits needed to characterize the eight transmit antenna codebook is critical as on one hand UL resources are scarce, but also bringing tight limitations might harm the design and drastically slash the envisioned gains and efficiency. Complexity of PMI selection at the UE side needs also to be taken into account.
Multiple-stream beamforming appears as a natural evolution on the TDD side, following the one-stream beamforming already adopted in LTE Rel’8. While one stream beamforming can be applied by either exploiting the channel reciprocity (SVD-based beamforming) or by performing DoA beamforming, multi-stream BF builds solely on reciprocity.  When considering the number of streams to be deployed, one has to consider the UL resources needed to sustain the DL process, mainly the UL sounding effort. From this perspective we believe two streams should provide a good trade-off between data rate increase and complexity of UL transmission. 

Multi User MIMO

Multi-user MIMO  allows increasing the system spectral efficiency in a complementary way to SU-MIMO, and hence needs further consideration in LTE-Advanced. Current Rel’8 design suffers from several key points such as the lack of interference signaling in downlink. Due to the lack of the interference information, interference suppressing receivers can not be used which leads to optimistic CQI reporting. Signaling of interfering PMI(s) pair to the MU user would allow more efficient interference mitigation at UE, depending on available spatial degrees of freedom (i.e. number of Rx antennas). Zero-forcing MU-MIMO precoding can be investigated to enhance user spatial separation. Dedicated pilots could be used to indicate the user’s precoding. Additionally, it could be further studied whether the reported CQI may embed information on the expected MU interference at UE while keeping the CQI calculation complexity and reporting overhead at reasonable level. Increased power offset signaling granularity is also needed.
From a different perspective, potential multi user enhancements could be achieved via the concept of grid-of-beams. Extra sectorization is another potential candidate [5] for enhancing the system capacity. In TDD, multi-user transmission can build on top of multi-stream beamforming.

Reference Signals

DL MIMO operation with up to eight transmit antennas at eNodeB will require a redesign of Rel’ 8 reference signal (RS) pattern.  Several issues have to be considered prior to such attempt:

· The new design needs to be backward compatible with LTE Rel’8 RS structures.
· The potential impact in performance of the Rel’8 terminals should be low.

· Scheduling limitations of Rel. 8 terminals should be kept at reasonable level.
· The total reference symbol overhead must be kept low. 

· System deployment flexibility must be maintained, considering that not all cells will necessarily make use of eight transmit antennas.

In order to ensure backward compatibility, the eight transmit antenna ports need to be transparent to Rel’8 UEs which can be aware of a maximum of four antennas ports. Antenna virtualization with up to four virtual antennas with Rel’8 RS mapping to REs offers one simple way to address the backward compatibility issue.
For closed-loop operation with 8 Tx codebook, potentially additional four common reference signals are needed for LTE-Advanced terminals. Rel’8 common reference signals are used for measurement operations, like CQI and PMI computation, as well as for demodulation purposes. This approach becomes costly in terms of overhead when going for 8 transmit antennas. For LTE-Advanced, one could decouple the measurements RS from the demodulation RS. More specifically, common reference signals (CRS) are used for measurements while dedicated reference signals (DRS) are used for demodulation purposes. As already pointed in [2] there are both advantages and disadvantages of CRS and DRS. It is important to clarify the scenarios in which eight antenna ports are providing most benefit to the system. The characteristics of the target environment such as coherence bandwidth and coherence time of the propagation channel are key aspects in RS design. Antenna ports 0 and 1 are used for measurements in LTE Rel’8, and should not get affected by any potential LTE-Advanced RS placement.
Several CRS placement configurations for LTE-Advanced have been proposed in previous meetings. The following candidate options have been cited to date:
· Placing additional RS for 4 additional antenna ports in unused CCEs of the PDCCH region: This option severely affects the PDCCH capacity (already at the limit in some cases) & power boosting margin. Moreover, due to the CCE mapping operations, the resulting RS pattern does not exhibit an equally distributed pattern which is needed for efficient channel estimation & CQI/PMI reporting purposes, and there is only little control over the RS positions with respect to RS in the neighboring cells. The RS density in time would also be extremely concentrated. 
· Reusing the Rel’8 positions and mapping the extra four ports on top in a CDM fashion: Unfortunately this would impact the, already benchmarked, Rel’8 performance. As already mentioned, ports 0 and 1 should not be used for this purpose as measurements critical to the system are performed on these ports. 
· Mapping of 8 tx CRS within LTE-Advanced specific resources: for backward compatibility reasons, scheduling restrictions have to be imposed to Rel’8 UEs. However, these can be relaxed if CRS are used for measurements only while DRS are used for demodulation. It should be investigated if time variability of such a pattern is sufficient in order to ensure satisfactory demodulation performance.
Commonality between FDD and TDD systems is an important aspect in LTE-Advanced system design. As in Rel’8, FDD techniques can be of great benefit for TDD. A common reference signal pattern to both FDD and TDD would simplify the system design. 
3. Conclusions

In this contribution, we discussed various aspects of DL MIMO for LTE-Advanced. We propose that:

· RAN1 agrees on the target scenario for 8Tx design. We propose to concentrate on low mobility scenarios as mentioned in [1], and optimize the design for two or four receive antennas at the UE.
· Extra care is taken to design the codebook for closed-loop SU-MIMO such that the UE PMI selection and reporting schemes complexity is minimized.

· Antenna virtualization is used to enable efficient power amplifier implementation at eNB while keeping the backwards compatibility with Rel’8 

· RAN1 studies further the combination of common reference signals for measurements and dedicated reference signals for demodulation.
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