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1. Introduction

UE-RS is a major feature for LTE-A Rel.10 DL MIMO. It improves the precoding flexibility and enables advanced downlink transmission such as CoMP and 8x8 MIMO. However, in current LTE systems CRS is still used as demodulation reference signal for the DL control channel. This limits the coverage and capacity of the control channel, especially in Macro+RRH same cell ID scenario. Thus it is well motivated to introduce UE-RS based PDCCH to the Uu interface.
In Rel.10, non-interleaved UE-RS based R-PDCCH is introduced in relay systems [1]. It provides a design reference for the UE-RS based PDCCH in Uu interface. This contribution presents our views in design UE-RS based PDCCH.
2. Major Differences in Design Assumptions
Compared with R-PDCCH, there are several differences in the assumptions when designing the UE-RS based PDCCH for Uu interface:
1. Number of UEs that one cell is expected to serve is assumed to be much greater than the number of RNs that one cell is expected to serve;
2. RN has a much higher average geometry SINR than UE;
3. RN is usually static, but UE is moving;
4. UE is more power limited than RN.
3. UE-RS based PDCCH for Uu interface
3.1 Resource Allocation for UE-RS based PDCCH
For backward compatibility, Re.11+ eNB would serve both Rel.11+ and Rel.10- UEs in the same cell. It is natural to reduce the legacy control region for legacy UEs and assign some new resources for Rel.11 UE-RS based PDCCH. The resource allocation scheme with high layer in R-PDCCH can be reused to allocate VRBs for UE-RS based PDCCH. The new resources can be utilized by more efficient scheme for enhancing performance. For example, eNB can allocate different RB for PDCCH transmission in different cell to achieve FDM based ICIC.
3.2 Resource Mapping of UE-RS based PDCCH
In R-PDCCH, DL grant is always transmitted in the first slot and UL grant is always transmitted in the second slot. The basic allocation unit for the non-interleaved R-PDCCH is one RB pair. Another alternative is to allow DL/UL grants to be sent in both slots. Similar discussion has taken place for R-PDCCH in Rel. 10. We slightly prefer allowing UE-RS based PDCCH to be sent in both slots for the below reasons:
1) The major benefit of TDM DL/UL grants is early decoding which can be gotten by eNB implementation. It has been noticed by other companies [2] in Rel. 10;
2) The DL-UL traffic asymmetry may have a negative impact on the scheduling flexibility and cause resource wastage with this TDM restriction [3];
3) There are more UEs and higher average aggregation level than relay scenario;
4) As shown in the Appendix, beamforming can improve the performance of PDCCH significantly. So the Rel. 8 CCE size can be kept to utilize the resources efficiently;
5) If designed properly, multiple PDCCHs can be packed into one RB.
3.3 Overlapping between PDSCH and UE-RS based PDCCH
Similar as R-PDCCH, there is possibility that UE-RS based PDCCH is sent in one VRB, which is also allocated to PDSCH through the RA signalling in the PDCCH. In this case, UE can assume that there is no other PDCCH in the same RB and the rest REs are its own PDSCH REs. When UE-RS based PDCCH is allocating PDSCH transmission that contains the RB where the PDCCH itself is transmitted, UE-RS port mapping and resource mapping should be designed carefully especially when the rank of PDSCH is not the same as the rank of PDCCH. One simplified but suboptimal design would be only allowing FDM between PDSCH and UE-RS based PDCCH and leave the rest REs in the VRB containing the PDCCH unused.
3.4 MU-DCI in UE-RS based PDCCH
In order to further increase the PDCCH capacity, DCI would be sent by multiuser MIMO transmissions. MU-DCI can be implemented similarly as MU-MIMO in PDSCH. The performance should be evaluated and compared with Rel.8 PDCCH. The increased capacity will reduce the PDCCH blocking probability and increase the scheduling flexibility.
3.5 Search Space Design in UE-RS based PDCCH 
If UE-RS based PDCCH is used, a Rel.11 UE has the capability to search both the legacy control region and UE-RS based PDCCH region for UE specific DCI. For the scheduler to achieve frequency scheduling gain when subband CSI feedback is available, the search space should have candidates distributed widely across different subbands.  For large aggregation levels, the search space should allow the eNB to be able to implement transparent OL-MIMO for frequency diversity, e.g. applying a different precoder for each CCE for medium-high mobility scenario. On the other hand, localized transmission of high aggregation level should also be considered when reliable subband feedback is available. And MU-DCI should also be considered in the UE search space design.
4. Conclusion
In this contribution we briefly discussed the major differences between UE-RS based PDCCH and R-PDCCH in terms of design assumptions. We have listed several issues related to the design of UE-RS based PDCCH for Uu interface as below:
· Resource assignment for UE-RS based PDCCH
· Resource mapping for UE-RS based PDCCH
· Overlapping between PDCCH and the scheduled PDSCH
· MU-DCI
· Search space design
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6. Appendix
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Fig.1 Performance comparison for UE-RS based PDCCH and Rel.10 TxD PDCCH for different aggregation level (x:AGL 1; circle: AGL 2; dot: AGL4; triangle: AGL8) 
Table 1 Simulation Assumptions 
	Parameter
	Value

	Bandwidth / Allocated RBs
	10MHz / 50RBs

	Channel Model
	SCM high angular spread with 3 km/h 

	Antenna Configuration
	eNB: 4Tx | | | | 
UE: 2Rx | |

	CFI
	3 for Rel.10; 2 for UE-RS PDCCH

	DCI payloads
	49 bits

	VRB index for UE-RS based PDCCH
	{0,1,12,13} localized

	Receiver Type
	Linear MMSE

	Number of antenna ports
	2 for Rel.10; 1 DMRS port for UE-RS based PDCCH

	Feedback mode
	PUCCH 1-1 based on CSI-RS for UE-RS based PDCCH

	Channel Estimation
	2D MMSE


