3GPP TSG-RAN WG1 #59bis
R1-100049
Valencia, Spain, January 18 – 22, 2010
Source:
Ericsson, ST-Ericsson

Title:
On MU-MIMO Dimensioning and the Relation to Rel-9 

Agenda Item:
7.2.3.2
Document for:
Discussion and Decision

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. This contribution discusses the dimensioning issue and concludes that the recently added functionality in Rel-9 should be adopted as baseline for evaluating possible performance benefits of introducing further degrees of freedom in the MU-MIMO dimensioning.
2. Discussion
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. 
The Rel-9 RS signaling capability is already quite powerful ad is for example able to handle the case of two co-scheduled UEs with two layers each and 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

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 does not seem to be needed. 
Proposal
· Maximally four co-scheduled layers for MU-MIMO is sufficient
· No need for more than four co-scheduled UEs (even four is probably too much)
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

· Need of more than two groups of orthogonal RS seems small

Even if the possibility for four orthogonal RS is introduced, it does not appear clear how the UE should benefit from that. 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 signaling support should be carefully assessed before introduction 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 exploiting structured covariance estimates for IRC?

Proposal
· Signalling support for maximally two orthogonal RS as baseline

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

3. 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 for Rel-10 needs to be evaluated compared with what was recently introduced and already possible in Rel-9

· Maximally four co-scheduled layers for MU-MIMO is sufficient
· No need for more than four co-scheduled UEs (even four is probably too much)
· Signalling support for maximally two orthogonal RS as baseline

· Benefits of additional orthogonal RS signaling needs careful evaluation before considering it for standardization
· Consider Rel-9 MU-MIMO functionality as baseline for Rel-10
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