3GPP TSG RAN Working Group 1 Meeting #
R1-111653
Barcelona, Spain, May. 9th – 13th, 2010
Agenda Item
: 6.3.2.3
Source 
: Pantech 
Title 
: DCI format for Rel-11 single cell MIMO 
Document for
: Discussion
1. Introduction

In current specification, 9 transmission modes are defined for downlink PDSCH transmission including single antenna port transmission, open loop MIMO, and several closed loop MIMO schemes. In each transmission mode, not to increase the blind detection complexity, eNB can select one of the 2 DCI formats for PDSCH control, and in the case eNB need to support more than one transmission scheme in one transmission mode, for example, SU/MU single cell MIMO, we design one common DCI format which can control all the transmission schemes defined in the same transmission mode. In Rel-10, to support dynamic switching between SU/MU single cell MIMO, DCI format 2C is designed to support both transmission schemes, and transmission mode 9 supports dynamic switching between SU/MU single cell MIMO. 

In Rel-10, dynamic switching between SU/MU single cell MIMO is supported to enlarge the scheduling gain. In Rel-11, CoMP would be used to achieve better scheduling gain or higher spectral efficiency, and we expect that dynamic switching between CoMP and single cell MIMO would be useful to achieve further spectral efficiency. Thus, the new transmission mode defined in Rel-11 would be possible to support both CoMP and single cell MIMO, and if we do not want to increase the blind detection complexity, we need to design a DCI format which can support both CoMP and single cell MIMO. It would be a natural assumption that DL CoMP requires heavier PDCCH payload size than Rel-10 single cell MIMO, and it would enable us to use heavier payload size PDCCH format than Rel-10 single cell MIMO for Rel-11 single cell MIMO. In this contribution, we discuss what would be the new filed or modified field for the ‘enlarged’ PDCCH format.
2. Issues for Rel-11 single cell MIMO PDCCH design
Rel-11 CoMP operation would be based on the three sets 
· CoMP measurement set

· Set of transmission points which the UE would detect CRS(or CSI-RS) and measure the channel state information 

· CoMP reporting set

· Set of transmission points which the UE would report CSI to be connected in CoMP mode 

· CoMP set

· Set of transmission points which send PDSCH and/or PDCCH to CoMP UE 

In practice, the size of CoMP reporting set would be smaller than CoMP measurement set and the size of CoMP set would be smaller than CoMP reporting set. Though it is not clear whether the control or management of each set would be non-transparent, - for example, non-transparent triggering of aperiodic CSI reporting – we may assume that downlink CoMP would requests larger DCI format than Rel-10 single cell MIMO, and we may assume that enlarged DCI format for Rel-11 single cell MIMO would not increase blind detection complexity. Thus, we assume that one of the Rel-11 SI, enhancement for downlink control signaling, could be based on enlarged PDCCH payload size 
The SI, enhancement for downlink control signaling, is composed by two subtitles 

· to support MU-MIMO 

· based on UE-specific reference signal. 
In Rel-10 single cell MIMO, we agree that the dynamic switching between SU/MU single cell MIMO should be supported, but the operation of MU-MIMO should be transparent to each UE. By the agreement, single DCI format 2C is designed, and Rel-10 would provides larger scheduling gain than Rel-8 DL MIMO in 2/4 Tx antenna configuration – where separated transmission modes are defined for SU/MU-MIMO. However, to help the MAI management at UE side – interference cancellation or interference measurement at UE side –, it would be beneficial to share the layer or precoder information between the co-scheduled UEs. We may start by revisiting the non-transparent MU-MIMO concepts we discussed in Rel-10 period, and the modification could be verified based on the recent agreement or expected Rel-11 features. For example, since the reception of CSI-RS for CSI measurement would be UE specific in Rel-10 or Rel-11, it should be noticed that the co-scheduled UE could have the different CSI-RS measurement patterns, and in that case, the CSI-RS reception of co-scheduled UE would be needed to be shared for the interference measurement. 

Figure 1 shows an example of Rel-8 MU-MIMO transmission where 2Tx antenna is assumed at eNB. In Rel-8 MU-MIMO scheme, each UE measure CRS for channel estimation, and based on channel estimation, UE could detect SINR. The detection of interference caused by co-scheduled UE is an implementation issue, and with assuming that the orthogonal precoder matrixes are allocated for co-scheduled UE, UE may be able to detect MAI. In Rel-10 or 11, as shown by figure 2 or 3, cell specific CSI-RS transmission but UE specific CSI-RS detection would be supported, and as shown by figure 3, single cell MIMO could be composed by multi-transmission points. In figure 3, since the interference caused by co-scheduled UE and the destination signal propagate different channel, if the information about co-scheduled UE’s DM-RS transmission or CSI-RS reception is not shared, UE may not detect the interference in MU-MIMO mode. 
Figure 1. CRS transmission and reception in Rel-8 MU-MIMO mode
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Figure 2. CSI-RS transmission and reception in Rel-10 MU-MIMO mode
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Figure 3. CSI-RS transmission and reception which would be considered in Rel-11 MU-MIMO mode
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3. Other issues for Single cell downlink MIMO 
We have following discussion points for Rel-11 single cell MIMO 
· CSI feedback accuracy

· New codebook or techniques for codebook selection

· CSI payload size

· DM-RS enhancement

We do not expect that all of these discussions would be related with downlink control signaling design. CSI feedback accuracy or CSI payload size would be mostly related with codebook design, feedback overhead definition or UCI format design, and these issues would not be tightly related with PDCCH transmission. But for the feedback mode control – if Rel-11 supports several feedback mode such as low power RRH feedback mode, high power eNB feedback mode – we may put a minor priority on CSI feedback accuracy to be considered in PDCCH design. New codebook or techniques for codebook selection would not be directly related with DCI format design neither, since the selection or download of the codebook would be managed via RRB. If we do not find sufficient reason to support dynamic codebook selection which would cause some ambiguity in CSI feedback, codebook selection or downloading would be managed via RRC. 
However, for the overhead reduction of MU-MIMO control signalling, or for the performance enhancement of MU-MIMO – by DM RS orthogonality enhancement in single cell MIMO including low power RRH, we suggest that this issue could be discussed together with enhanced MU-MIMO control. 

4. Consideration 
In this contribution, we propose that 
· The new DCI format design for Rel-11 single cell MIMO should be able to support both single cell MIMO and CoMP 

· MU-MIMO enhancement should be considered for DCI format design 
· Revisit the discussion about non-transparent MU-MIMO

· Sharing CSI-RS measurement pattern between co-scheduled UEs or sharing CSI-RS measurement pattern within the same cell is FFS.

· DM-RS enhancement should be considered
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