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1. Introduction
MIMO in the downlink for LTE-Advanced is targeting the support of up to eight layer spatial multiplexing. The discussions on the design has only recently taken off. Although concrete decisions are still lacking, the MIMO ad hoc in RAN1 #55bis at least agreed on a partial list of issues to consider as found in chairman minutes below. This contribution discusses these issues and offers proposals on how to progress.

· Max number of codewords: keep 2 or >2 

· Codeword to layer mapping: ?

· Closed loop: 

· To be supported?:Yes

· Precoding: 

· For transmission: Codebook-based? Or non-codebook-based?

· For UE feedback: PMI feedback necessary? 

· Need to consider dual-polarized antenna array?

· Need to consider correlated channel?

· Size of the codebook?

· Same or different size for different rank values? 

· Open loop without PMI feedback

· To be supported?: yes vs no 

· Common understanding on mobility requirement is required. 

· Can it be a tool to reduce feedback overhead? 

· Definition of open loop may need to be refined.

· TXD support

· Number of antenna ports used for TXD

· RS overhead?

· Power utilization?

· Support of legacy UEs in control region?

· Possibility of using 8 antenna TXD in PDSCH region?

· Combination of spatial multiplexing and TXD? 

· …
· MU-MIMO

· Further improvement necessary? 

· indication of interfering PMIs? If so, how many interferers need to be indicated? 

· increased granularity of tx power level indication?

· >1 streams for a scheduled UE?

· Totally different design than Rel-8 MU-MIMO? 

· Improved UE feedback? 

· Etc

· UE feedback design (CQI, PMI etc) may need to take into account both SU- and MU-MIMO?

· Extension of dedicated beamforming to multi-layers

2. Spatial Multiplexing

Spatial multiplexing with up to eight layers need to be supported. So far LTE supports up to two transport blocks and the reason for this is to conserve control signaling overhead. Thus, regardless of how many transport blocks we end up with, it seems reasonable to strive for not increasing the associated overhead any further. Hence, if we stick to the current assumption of separate ACK/NACKs, RVs, NDIs, MCS for each transport block, not more than two transport blocks are needed.

An alternative to limiting the number of transport blocks is instead to use one transport block per layer while bundling all or most of the HARQ related parameters.  By bundling all the HARQ parameters, the overhead of spatial multiplexing may achieve the same overhead as rank-one schemes. Depending on the codeword to layer mapping such bundling may have a large or small impact on the performance. Just as for uplink MIMO [2], mapping each codeword in a uniform manner onto all layers is expected to mitigate negative impact on the pure PDSCH performance. 

From an ITU evaluation point of view, it a critical issue is to achieve estimates on the signaling overhead, toward this end

Proposal:

· HARQ related parameters with an overhead corresponding to at most two transport blocks

In addition, to facilitate aggressive bundling while still enabling SIC receiver, 

Proposal:

· Codeword to layer mappings such that each codeword is uniformly distributed over all r available layers while enabling the use of SIC receivers with r-1 stages of cancellations.

An efficient design of LTE-advanced should allow seamless use of the various components. In particular, spatial multiplexing should be possible to use in conjunction with COMP while dynamic rank adaptation is being performed. This minimizes scheduler restrictions and facilitates dealing with the typically bursty traffic patterns. As also mentioned in [1], the use of precoded UE specific RS makes the precoding transparent to the UE greatly simplifying operation of COMP and precoded spatial multiplexing, including joint use. Note also that dedicated beamforming would naturally and automatically be supported as part of multi-layer support for UE specific reference signals.

Observation:

· Concurrent use of spatial multiplexing and COMP is expected and requires the spatial multiplexing scheme to be COMP compliant

3. Channel Dependent Precoding

Achieving array gain is important especially for cell-edge UE. Thus, the support of channel dependent precoding is a prerequisite.  Channel dependent precoding can take many forms. There is already agreement on closed-loop, meaning the UE provides the eNodeB with information about the spatial properties of the channel on some control channel in the uplink. This thus implies a form of channel quantization and both precoder type of feedback (PMI) or more direct channel quantization methods may be considered.

What will be popular setups for LTE-Advanced and beyond may be hard to predict and may also depend on the application. It is thus clear that LTE-Advanced needs to, just as Rel-8, offer flexibility in terms of the support for different antenna setups, including closely spaced co-polarized groups of antennas as well as antenna configurations involving cross-polarized antennas. This may also have implications to the overall RS design [] as precoded UE specific RS automatically enables standard transparent support of arbitrary antenna setups from a transmission point of view. Note also that the presence of spatial channel information feedback does not imply that the downlink transmission have to be codebook based. In fact, it seems like a rather appealing concept of supporting non-codebook based precoding in the downlink for tailoring the RS to the current transmission rank while at the same time relying on PMI or direct channel quantization feedback. This would avoid the need of elaborate standardization of the DL transmission scheme and the focus in standardization can be more directed towards the feedback reporting. In TDD, channel reciprocity may alternatively be exploited, if present. 

The size of the codebook used for feedback signaling needs further considerations. For a PMI based approach, the codebook probably needs to have a size of at least on the order of the present 64 element Rel-8 4 Tx codebook (6 bits including rank). There is no strong reason to enforce the same codebook size for each transmission rank and so some signaling may avoided by reallocating elements to the most relevant ranks. Maybe even a few additional bits are needed due to the support of 8 Tx antennas. A direct channel quantization approach may require more overhead than PMI but it also needs to be kept in mind that specific overhead estimates depend on the degree of exploitation of the temporal and frequency coherence properties of the channel and that direct channel quantization offers more flexibility on the transmit side enabling simpler interaction with the use of COMP.

Proposal:

· Feedback of spatial channel information may take the form of precoder recommendation(s) (i.e., PMI) or more direct quantization of a channel

· Channel dependent precoding functionality should support a wide range of different antenna setups

· Precoded (non-codebook based) UE specific RS for DL transmission on PDSCH

· Allowing seamless and flexible use of COMP and DL spatial multiplexing, including multi-layer beamforming.

4. Channel Independent Precoding

While channel dependent precoding is clearly needed, it appears more uncertain whether channel independent precoding in combination with spatial multiplexing is required. Such a scheme may also be referred to as open-loop spatial multiplexing and at this point it is not clear whether the support of such a scheme would bring significant additional benefits. High mobility scenarios may not be so applicable if the additional multi-layer support is more directed towards small-cell scenarios. The opportunity to reduce control signaling is of course attractive, and also for that reason does it appear premature to decide on the support of open-loop SM before the details of control signaling associated with channel dependent precoding become more clear.

Proposal:

· Support of channel independent precoding for spatial multiplexing (i.e., open-loop spatial multiplexing) is FFS pending more details on the needs on control signaling for channel dependent precoding

Regarding transmit diversity schemes, there is already support for 4:th order transmit diversity and the gains of increasing the diversity even further are questionable, particularly if also frequency diversity is present. Full use of all PAs at the eNodeB however remains important and it therefore suggested to more focus on that aspect and less on striving for further increases in diversity order. Note also that full PA usage even for 8 Tx antennas can be achieved with Rel-8 transmit diversity or alternatively with the single cell-specific antenna port mode. Techniques such as small delay CDD can be applied in order to in a standard transparent manner map a few antenna ports to a larger number of physical antennas. This increases the frequency-selectivity of the channel as seen from the relevant cell-specific Rel-8 RS. If this is considered a problem, the use of UE specific RS for DL spatial multiplexing and COMP elegantly avoids this situation since the UEs would then not rely on the transformed cell-specific antenna ports for PDSCH demodulation.

Proposal:

· Support of transmit diversity for 8 Tx FFS due to possibility of standard transparent alternative.

5. Conclusions
This contribution discussed several aspects of DL MIMO with particular emphasis on channel dependent precoding and support of up to 8 layer spatial multiplexing. It was observed that concurrent use of spatial multiplexing and COMP is expected and requires the spatial multiplexing scheme to be COMP compliant and in addition it is proposed to agree on:

· HARQ related parameters with an overhead corresponding to at most two transport blocks

· Codeword to layer mappings such that each codeword is uniformly distributed over all r available layers while enabling the use of SIC receivers with r-1 stages of cancellations.

· Feedback of spatial channel information may take the form of precoder recommendation(s) (i.e., PMI) or more direct quantization of a channel

· Precoded (non-codebook based) UE specific RS for DL transmission on PDSCH

· Channel dependent precoding functionality should support a wide range of different antenna setups

· Support of channel independent precoding for spatial multiplexing (i.e., open-loop spatial multiplexing) is FFS pending more details on the needs on control signaling for channel dependent precoding

· Support of transmit diversity for 8 Tx FFS due to possibility of standard transparent alternative.

6. References

[1]
R1-090916, “Considerations on RS Design for LTE-Advanced”, Ericsson.

[2]
R1-090915, “UL Single User MIMO”, Ericsson.

