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Discussion and decision
1 Introductions
In RAN1#68 meeting, single-layer transmission was agreed to be supported for localized E-PDCCH at least. However, whether the two-layer SU-MIMO is supported is FFS. In addition, some other questions that require further investigation were also observed as[1],

· How to determine AP(s) to use E-PDCCH detection

· How to determine scrambling sequence for E-PDCCH detection

· How to determine the number of AP for E-PDCCH
· If and how to support the spatial diversity for distributed transmission

· If and how to use E-PDCCH signature for E-PDCCH detection

In this contribution, we will show our considerations on the support of SU/MU-MIMO as well as DMRS port indication and scrambling sequence for E-PDCCH.
2 The support of SU/MU-MIMO
The spectrum efficiency can be improved by SU-MIMO, and this is the main advantage for introducing SU-MIMO into localized E-PDCCH. However, there are some issues which should be paid more attention to as follows,

· In order to support SU-MIMO, more DMRS ports should be occupied by single UE, which will limit the number of users multiplexed in FDM way in E-PDCCH.

· From the UE perspective, how to determine single-layer or two-layer transmission is a problem. Blind detection is a straightforward solution, but the complexity will increase since larger blind detection number can be expected.
· Degrade the robust performance. Different from data transmission, whose reliability can be guaranteed by HARQ, control information only relies on the robust performance of transmission scheme. Although exact and timely CSI feedback can improve the robust performance, lots of specification work is required to support such rank adaption.
Based on above considerations, we suggest that two-layer SU-MIMO should not be supported for E-PDCCH.
As another multiple antenna technique, MU-MIMO can improve the spectrum efficiency of E-PDCCH as well. Moreover, the scheduling flexibility of DCI transmission will increase due to spatial multiplexing of different UEs. Control channel capacity can be imroved significantly by MU-MIMO transmission when lots UE are active. Based on the principle of transparent SU/MU transmission used in Rel-10 PDSCH, less specification work is required to support MU-MIMO. Therefore, MU-MIMO is suggested to be supported for E-PDCCH.
Proposal 1: Two-layer SU-MIMO should not be supported, but MU-MIMO is suggested to be supported for E-PDCCH.
3 DMRS port and scrambling sequence generation
3.1 Consistency with DMRS enhancement in CoMP
As discussed in CoMP WI, a virtual cell ID set is introduced in the scrambling sequence initialization of DMRS, which is configured by UE-specific RRC signalling. To achieve splitting gains in CoMP scenario 4, such DMRS enhancement should also be considered for E-PDCCH, because E-PDCCH and Rel-9/10 UE will share same DMRS scrambling sequence. However, the necessity to perform dynamic switching of virtual cell ID on control information transmission is not observed, so in our view, single virtual cell ID may be sufficient for E-PDCCH at each transmission point. Such virtual cell ID can either be selected from the virtual cell ID set configured for PDSCH DMRS, or configured separately, which requires further discussion.
Proposal 2: Consistent with DMRS enhancement in CoMP, virtual cell ID should be introduced into the DMRS scrambling sequence initialization for E-PDCCH.
3.2 For distributed E-PDCCH
Distributed E-PDCCH lets one DCI be transmitted over several PRB pairs to achieve frequency diversity gain to guarantee the reliability. Therefore, it is obvious that one PRB pair will bear DCIs of multiple UEs in distributed E-PDCCH. Moreover, the number of UEs to be served in one PRB pair will increase, may be more than the number of DMRS ports, if larger frequency diversity order is required. In addition, transmit diversity is also expected to be supported on the distributed E-PDCCH, and corresponding schemes have been proposed, including SFBC, random beamforming etc.. To support these transmit diversity schemes well the non-precoded DMRS is a resonable choose. For non-precoded DMRS, with point-specific sequence generation, different DMRS ports can be used to keep the orthogonality among transmit antennas at each transmission point. Therefore, in our view, non-precoded DMRS with point-specific sequence generation should be considered for the distributed E-PDCCH.

Proposal 3: For distributed E-PDCCH, 
· Non-precoded DMRS is used and DMRS ports are shared by all UEs.
· Point-specific scrambling sequence generation is preferred, i.e. the initialization is determined by virtual cell ID.

3.3 For localized E-PDCCH
As DCIs from different UEs can be multiplexed in one PRB pair, different DMRS ports should be assigned for each UE to perform demodulation. There are mainly three options on the DMRS port indication as,
· Opt 1: Indicate DMRS port by explicit signalling.
· Opt 2: Blindly detect the DMRS port.
· Opt 3: Implicit mapping between DMRS port and eCCE.
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Fig.1
Implicit mapping between DMRS port and eCCE
In Opt 1, UE will use the configured DMRS port to demodulate all possible candidates in the search space. Because of no interference on DMRS, DCIs from UEs with different DMRS port can be multiplexed together in FDM way in one PRB pair. However, it seems impossible to perform such multiplexing for UEs configured with same DMRS port. Based on blind detection, Opt 2 can make DCIs from any two UEs multiplex with orthogonal DMRS port, but it requires larger number of blind detection. In Opt 3, an implicit mapping is established between each DMRS port and each eCCE, as shown in Fig.1. Therefore, DCI occupying different eCCE will use different DMRS port definitely, and there is no limitation on multiplexing freedom. With the consideration of orthogonal DMRS port indication, multiplexing freedom, signalling overhead and complexity, we think Opt 3 is much more preferable.
Observed from the analysis of DMRS port indication, point-specific scrambling sequence generation seems much appropriate for localized E-PDCCH to keep the port orthogonality. However, according to Opt 3, when MU-MIMO is used, scheduling limitation will occur because DCIs multiplexed by SDM will use same DMRS port. In order to support MU-MIMO flexibly, we think it had better to use UE-specific scrambling sequence generation to achieve quasi-orthogonal DMRS. But in the case of aggregation level one, point-specific scrambling sequence might be needed to keep the orthogonality between port 7 and port 8, considering that the possibility to perform MU-MIMO seems low because of the quite limited RE number of one eCCE.
Proposal 4: For localized E-PDCCH,

· Implicit DMRS port indication is preferred.

· UE-specific scrambling sequence is preferred, i.e. the initialization is determined by C-RNTI.

· For the case of aggregation level one, the initialization based on virtual cell ID can be used, if one PRB pair is divided into 4 eCCEs.
4 Conclusions

Our proposals are listed as follows,
· Proposal 1: Two-layer SU-MIMO should not be supported, but MU-MIMO is suggested to be supported for E-PDCCH.
· Proposal 2: Consistent with DMRS enhancement in CoMP, virtual cell ID should be introduced into the DMRS scrambling sequence initialization for E-PDCCH.
· Proposal 3: For distributed E-PDCCH, 

· Non-precoded DMRS is used and DMRS ports are shared by all UEs.

· Point-specific scrambling sequence generation is preferred, i.e. the initialization is determined by virtual cell ID.

· Proposal 4: For localized E-PDCCH,

· Implicit DMRS port indication is preferred.

· UE-specific scrambling sequence is preferred, i.e. the initialization is determined by C-RNTI.

· For the case of aggregation level one, the initialization based on virtual cell ID can be used, if one PRB pair is divided into 4 eCCEs.
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