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1. Introduction

Downlink MU-MIMO involves co-scheduling multiple UEs on the same time-frequency resources in the same cell. Naturally, a central issue is what the standard needs to support in terms of number of UEs to co-schedule and the total number of layers involved in MU-MIMO transmission. According to chairman minutes in RAN1 #59bis meeting, the following was decided concerning the supported dimensionality in conjunction with MU-MIMO:

For the design of downlink signaling and DM RS, the following is assumed for MU-MIMO:

· Not more than 4 UEs are co-scheduled 

· Note that the actual maximum number of co-scheduled UEs does not need to be specified.

· Not more than 2 layers per UE with 2 orthogonal DM RS ports

· Not more than 4-layer transmission in total for MU-MIMO transmission 

Note: Two alternatives are to be studied:

· 4 orthogonal DM RS ports and 1 scrambling sequence are defined

· 2 orthogonal DM RS ports and 2 scrambling sequences are defined as in Rel-9

· FFS whether one or both alternatives will be specified (and if only one, which one).

· Note that in any case TM8 will remain specified in Rel-10. 

This contribution discusses the above dimensioning issue as well as brings up the issue on which precoder granularity should be supported. 
2. MU-MIMO Dimensionality
Downlink signaling support on the PDCCH was recently added in Rel-9 for allowing co-scheduling up to a total of four layers with at most four different UEs. The signaling involves choosing which UE specific antenna port(s) to use for the UE as well as selecting one pseudo random cell specific scrambling sequence for the chosen antenna port(s). Two UE specific antenna ports with orthogonal CDM pattern are available and the scrambling sequence allows two groups of orthogonal RS separated in a quasi orthogonal manner by means of the scrambling sequence. This is also one of the alternatives in the chairman minutes.
The Rel-9 RS signaling capability is already quite powerful and is for example able to handle the case of two co-scheduled UEs with two layers each where the two UEs are separated in the correlation domain by forming two physically non-overlapping beams, while the interference between two layers for the same UE is kept low by scheduling the layers on different orthogonal polarization directions, see [1] for an illustration of this concept.

Proposal

· Benefits of additional downlink MU-MIMO signaling needs to be evaluated compared with what was recently introduced and already possible in Rel-9
· Rel-9 corresponds to the second alternative in chairman minutes
Double functionality is always undesirable, considering the additional testing and validation procedure required, as well as implementation efforts. Even though it may be difficult to agree on the complete MU-MIMO dimensioning at this meeting, to secure some progress a reasonable starting point could be:
Proposal
· Adopt only one of the two alternatives (avoids double functionality)

· Functionality for 2 orthogonal DM RS ports and 2 scrambling sequences as in Rel-9

· Functionality for 4 orthogonal DM RS ports and 1 scrambling sequence
Clearly, Rel-9 already offers substantial possibilities when it comes to RS signaling and it is natural to wonder whether there are any significant benefits of adding further functionality in Rel-10. To a large degree this depends on whether co-scheduling of more than four layers is needed/likely for MU-MIMO. Scheduling for MU-MIMO generally involves finding groups of UEs with “compatible” channel properties. UEs that have data to be scheduled in the same subframe, and with similar high geometries, are candidates for forming such a compatible group. This tends to reduce the potential group size to only a few UEs. If furthermore realistic non-full buffer traffic patterns and loads are considered, the number of UEs at all having data in a subframe is quite limited. In fact, in many cases SU-MIMO will be employed because of lack of other UEs to co-schedule with. From this perspective, support for more than four co-scheduled layers and UEs is not needed—limiting to even fewer layers is expected to have only a marginal impact on practical performance. 
Observation
· Support of four co-scheduled UEs is probably an over-design considering realistic traffic conditions where the number of compatible UEs in the same subframe is typically very limited
It was previously mentioned that UEs should be separated in the correlation domain for robust MU-MIMO operation. Co-scheduled UEs therefore reside in physically well-separated beams.  As such, also the RS transmissions are spatially well-separated and hence the need for orthogonal RS seems to be small. 
Observation

· The need of more than two orthogonal RS seems small
It does not appear clear how the UE should benefit from four orthogonal RS. Judging from the discussions for Rel-9, orthogonal RS was primarily introduced to improve the possibility of the UE to perform intra-cell interference rejection by estimating the channel of the interfering UE and based on that form an interference covariance matrix. This immediately raises the question how many UE specific antenna ports a UE have to estimate. Requiring a two-layer capable UE of having to estimate four UE specific RS in order to demodulate maximally two own layers appears to be requiring an over-design of the UE and is therefore not reasonable. In any case, the benefits of such signaling support should be carefully assessed before introduction into standard may be considered.
Observation

· Does support of four orthogonal RS for MU-MIMO imply that a two-layer capable UE should estimate four UE specific RS?
· If yes, not a reasonable UE requirement

· If no, is the functionality then sufficiently beneficial considering the reduction in gain due to not being able to exploit structured covariance estimates for IRC?

Proposal
· Signaling support for maximally two orthogonal RS as baseline

· Benefits of additional orthogonal RS signaling needs careful evaluation before considering it for standardization

3. Precoder Granularity
So-called RB bundling is being discussed as part of the downlink DM RS topic. In fact, this is for further study as captured in the chair man minutes. RB bundling pertains to the number of RBs in frequency over which the UE may perform frequency domain interpolation. The bandwidth for frequency domain interpolation is in turn intimately connected to the assumption on precoder granularity. Thus, the RB bundling discussions are really about what precoder granularity the UE may assume (when performing channel estimation). Results indicate that there is the potential for gains if the UE can perform channel estimation over more than one RB [2] 
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[4]. In addition, the channel knowledge on the eNodeB side tends to be rather impaired, regardless whether the CSI comes from CSI RS based feedback or SRS. Hence, it is reasonable to expect that using a precoder granularity larger than 1 RB on the eNodeB side is actually beneficial for the performance since the CSI errors are averaged over more than one RB. 
Observation

· Coarser precoder granularity may lead to improved channel estimation performance for demodulation

· Coarser precoder granularity is expected to improve scheduler decisions as effects of channel estimation errors are reduced by averaging

· 1 RB precoder granularity for demodulation seems too small considering CSI impairments on eNodeB side and possible channel estimation frequency interpolation benefits of coarser granularities
Although assumptions on precoder granularity for demodulation is not mentioned in RAN1 specs for Rel-8/9, it needs to be specified in order for UEs to dare exploiting larger frequency domain interpolation than the smallest possible of 1 RB. Considering the above mentioned drawbacks of 1 RB granularity, it appears reasonable to assume at least two RBs as a baseline assumption of the demodulation precoder granularity. This also makes sense from scheduling perspective where MU-MIMO and CoMP operations are anyway likely to be carried out using resource allocation type 0 where the RB group size is larger than 1 RB.
Observation

· 1 RB precoder granularity seems too small considering CSI impairments on eNodeB side, typical RBG size,  and channel estimation frequency interpolation benefits of coarser granularities
Proposal
· UE assumption on precoder granularity for demodulation needs to be specified

· Precoder granularity for demodulation at least 2 RBs
· When demodulating the PDSCH the UE may assume that the associated precoder remains fixed over the RBs in each precoder RB group of N consecutive RBs

· The precoder RB groups are non-overlapping and cover the entire system bandwidth

· Value of N >=2 is FFS
Precoder granularity assumptions are clearly also related to the granularity for UE feedback in that it does not make much sense to convey a fine granular CSI feedback if the eNodeB anyway will use a coarser granularity. Hence, the feedback granularity should not be finer than the precoder granularity the eNodeB may be expected to use. In fact, it should be substantially coarser. In Rel-8/9 the subband size for CQI reporting is substantially larger than 1 RB. For example, for 20 MHz the subband size is 8 RBs. This helps to keep the feedback overhead low as well as improving the parameter estimates needed for the feed back. Judging from [5] the feedback subband size needs to be at least 4 RBs in order to at all have reasonable feedback overhead. 
Observation

· Feedback report size needs to be limited

· Larger feedback subband size is an effective way of reducing signaling overhead and improving CSI feedback estimation accuracy
Proposal
· Feedback subband size should be at least 4 RBs
4. Conclusions
Based on the discussion above about MU-MIMO dimensioning related to signaling of orthogonal and quasi-orthogonal RS, we propose the following: 
· Benefits of additional downlink MU-MIMO signaling needs to be evaluated compared with what was recently introduced and already possible in Rel-9
· Adopt only one of the two alternatives (avoids double functionality)

· Functionality for 2 orthogonal DM RS ports and 2 scrambling sequences as in Rel-9

· Functionality for 4 orthogonal DM RS ports 1 scrambling sequence

· Signaling support for maximally two orthogonal RS as baseline

· Benefits of additional orthogonal RS signaling needs careful evaluation before considering it for standardization

Regarding precoder granularity and the related discussion on RB bundling, we propose:
· UE assumption on precoder granularity for demodulation needs to be specified

· Precoder granularity for demodulation at least 2 RBs 
· Feedback subband size should be at least 4 RBs
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