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1 Introduction
The discussion on PDCCH formats have been continued for a number of meetings and it is close to formalize the final formats for PDCCH. At this stage, a number of main PDCCH formats have been identified and agreed upon ‎[1], which include format 0 as uplink grant, format 1 as downlink scheduling supporting non-MIMO, format 2 as downlink scheduling supporting closed-loop MIMO, format 1A as a simplified downlink scheduling format which has similar number of bits as format 0.  In addition to the above formats, some other formats have been discussed such as format 1B, which is meant to support closed-loop beamforming transmission and format 2B, which is to support open-loop MIMO, however, no conclusion on theses formats has been reached yet. 

In this short discussion paper, we express our view on PDCCH signalling to support open-loop MIMO.   
2 PDCCH format to support open-loop MIMO
It was agreed in RAN WG1 #51bis Sevilla meeting that 3GPP Rel8 should support open-loop MIMO for high mobility UE. This is in addition to the support of closed-loop MIMO which was agreed upon a long time ago. The difference between closed-loop MIMO and open-loop MIMO is that the former mainly targets for low mobility UE while latter will benefit high mobility UE. In terms of relevant control signalling, closed-loop MIMO requires UE to feedback channel quality indicator (CQI), precoding matrix index (PMI) and rank indicator (RI), while for open-loop MIMO, only CQI and RI feedback are needed. On downlink control signalling, which is what’s defined for PDCCH, RI and PMI confirmation information should be included in PDCCH for closed-loop MIMO, while for opens-loop MIMO, only RI information should be conveyed on PDCCH while there is no need for PMI. So it is obvious that there exist difference between closed-loop and open-loop MIMO in terms of downlink control signalling support. 
On the other side, defining PDCCH format should consider other factors such as reduction of blind decoding of PDCCH, PDCCH overheads and etc. Currently, there are several alternatives to support open-loop MIMO signalling in PDCCH:
1. Define a separate PDCCH format, like format 2B, to support open-loop MIMO. Compared with format 2, which is used for closed-loop MIMO, format 2B could save on PMI information (4 bits) and PMI confirmation (1 bit). It could also save on MCS for second transport block (5 bits) as if large delay CDD is used, the MCS level of the second transport block will be very close to that of the first transport block. So in total, format 2B could save up to 4+1+5 = 9 bits over format 2.
2. No explicitly defining a PDCCH format for open-loop MIMO, but simply reusing format 2. 
Compared with alternatives 1 and 2, we slightly prefer alternative 1 based on the following considerations:

· Define a separate PDCCH format for open-loop MIMO would save up to 9 bits over simply reusing of format 2.

· As open-loop MIMO and closed-loop MIMO are semi-statically configured by RRC signalling, this additional PDCCH format won’t really introduce extra PDCCH blinding decoding.
At Shenzhen meeting, a joint coding proposal was proposed in ‎[2] to jointly encode RI, PMI information. However, it is only targeted for closed-loop MIMO. We feel that if such joint coding principle is adopted in LTE for PDCCH signalling for closed-loop MIMO, similar coding format could be used for open-loop MIMO if it is preferred by the majority companies that closed-loop MIMO and open-loop MIMO share the same PDCCH format. 
3 Conclusions

From the above brief analysis, we slightly prefer to have a separate PDCCH format for open-loop MIMO. We believe having an explicit PDCCH format would save PDCCH overhead for open-loop MIMO without introducing PDCCH blind decoding complexity. 

[1] References
[2] Ericsson, “Way Outcome of offline discussions on PDCCH contents,” R1-081102,  3GPP TSG-RAN WG1 meeting #52, Sorrento, Italy, Feb 11-15, 2008
[3] Ericsson etc, “Refinements on Signalling of CQI/Precoding Information on PDCCH,” R1-081682,  3GPP TSG-RAN WG1 meeting #52bis, Shenzhen, China, March 31-April 4, 2008s































































































































































PAGE  
2

