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Discussion and decision
1 Introductions
In the last meeting, some conclusions on reference signals of E-PDCCH were agreed [1],
· Both localized and distributed transmission of the enhanced control channel are supported

· At least for localized transmission, and for distributed transmission where CRS is not used for demodulation of the enhanced control channel, the demodulation of the enhanced control channel is based on DMRS transmitted in the PRB(s) used for transmission of the enhanced control channel

· Antenna ports 7-10 is/are used

· The scrambling sequence used is FFS

From above conclusions, DMRS should be considered for localized as well as distributed E-PDCCH in Rel-11. However, there are some differences on the requirement of DMRS for E-PDCCH and PDSCH, so Rel-10 DMRS design could not be extended in E-PDCCH in a straightforward way. In this contribution, the DMRS design for localized and distributed E-PDCCH is discussed, and our considerations are shown.
2 RS for distributed E-PDCCH
As a robust transmission scheme, distributed E-PDCCH is required to achieve frequency diversity gain to protect the reliability of DCI especially for the high speed scenario. In addition, transmit diversity is also expected to be supported on the distributed E-PDCCH, and corresponding schemes are shown in the last meeting, including SFBC, random beamforming etc..
For distributed E-PDCCH, a PRB pair is expected to transmit multiple DCIs from different UEs. Moreover, the number of UEs to be served in a PRB pair will increase if larger frequency diversity order is required. From this perspective, both CRS and non-precoded DMRS that is common to all UEs are preferred and well suited for all proposed transmit diversity schemes mentioned above. For non-precoded DMRS, with cell-specific sequence generation, different DMRS ports can be used to keep the orthogonality among transmit antennas. Whereas the use of CRS is limited in the cases of MBSFN subframe, new carrier type and CoMP scenario 4, which will bring some restrictions on the application of distributed E-PDCCH. Therefore, in our view, non-precoded DMRS with cell-specific sequence generation should be considered for the distributed E-PDCCH.
Proposal 1: For distributed E-PDCCH, non-precoded DMRS with cell-specific sequence generation is preferred.

3 DMRS for localized E-PDCCH
As another type design, localized E-PDCCH should also be supported to achieve beamforming and scheduling gains, which is beneficial for control information reliability, coverage and overhead reduction. For localized E-PDCCH, multiple DCIs from different UEs are expected to be transmitted in one PRB pair. At least for DCIs located in different potential eCCE location in one PRB pair, it seems more preferable to use orthogonal DMRS resources to avoid interferences, so cell-specific sequence generation is required. Based on cell-specific sequence generation, several DMRS resources indication schemes have been proposed as follows,
· Opt 1-1: Indicate DMRS port/SCID by explicit signalling. In this scheme, network assigns a specific DMRS port/SCID to UE through explicit signalling in a semi-static or dynamic way.
· Opt 1-2: Blindly detect the dedicated DMRS port/SCID.
· Opt 1-3: Implicit DMRS port indication [2]. In this scheme, an implicit mapping is established between DMRS port and potential eCCE location.
In addition, DMRS with UE-specific sequence generation should also be considered for the localized E-PDCCH as well, i.e.
· Opt 2: UE-specific DMRS sequence generation.
Table 1
Comparison of DMRS indication schemes for localized E-PDCCH
	
	Interference between different eCCEs
	Multiplexing Freedom
	Signalling Overhead
	Complexity

	Opt 1-1
	No
	Low
	Yes
	Low

	Opt 1-2
	No
	High
	No
	High

	Opt 1-3
	No
	High
	No
	Low

	Opt 2
	No/Low
	High
	No
	Low


Firstly, we discuss the localized E-PDCCH that does not support MU-MIMO and corresponding comparison is presented in Table 1. For Opt 1-1/2/3, orthogonal DMRS ports are used to avoid interference between different eCCEs, but for Opt 2, such interference will occur if the number of potential eCCE locations exceeds 2. The multiplexing freedom of Opt 1-1 is lower than other options, because DCIs from UEs that indicated same DMRS port should not be multiplexed in one PRB pair. From the perspective of complexity, Opt 1-2 has the highest complexity because of the largest number of blind detection attempts.
Observation 1: For localized E-PDCCH with no MU-MIMO supported, implicit DMRS port indication seems more preferable because of no interferences and no multiplexing restriction.
An important feature which is different from distributed type is that, MU transmission is recommended to be supported on localized E-PDCCH to expand the capacity of control channel further. In addition, with the introducing of MU transmission, the spectrum efficiency of E-PDCCH can be improved, which is beneficial to the system throughput and relaxes the scheduling restriction on PDSCH with some degree. Table 2 shows the comparison of DMRS indication schemes with the consideration of MU.
Table 2
Comparison of DMRS design schemes for localized E-PDCCH (with MU)
	
	Interference among different eCCEs
	Interference in same eCCE (MU)
	MU Pairing Freedom
	Signalling Overhead
	Complexity

	Opt 1-1
	No/Low
	No/Low
	Low
	Yes
	Low

	Opt 1-2
	No/Low
	No/Low
	High
	No
	High

	Opt 1-3
	No/Low
	High
	Low
	No
	Low

	Opt 2
	No/Low
	Low
	High
	No
	Low


For Opt 1-1/2/3, DMRS ports may be not enough and SCID should be used when MU-MIMO is supported, so the interference cannot be avoided. Hereinto, the MU interference in same eCCE will be more serious for Opt 1-3, because same DMRS resource has to be shared by paired UEs without any interference randomization. From another point of view, such MU interference requests more strict pairing algorithm for Opt 1-3, which limits the MU pairing freedom. However for Opt 2, MU pairing freedom is not a problem because of the inherent interference randomization of UE-specific sequence generation.
Observation 2: When localized E-PDCCH allows MU-MIMO, interference of DMRS cannot be avoided for all options. UE-specific sequence generation has higher MU pairing freedom than cell-specific sequence generation.
Proposal 2: The DMRS of localised E-PDCCH should be investigated carefully to achieve a better tradeoff between multiplexing/MU pairing freedom and DMRS orthogonality.

4 Considerations in CoMP

As discussed in CoMP WI, inter-point interference will be serious on DMRS in CoMP scenario 4, since same cell ID are shared by eNB and RRH. For E-PDCCH, such interference may cause more serious impacts and more attentions should be paid. 
To solve such problem, interference randomization is a straightforward and effective method which should be considered. For UE-specific sequence generation, interference randomization can be realized inherently, but for cell-specific sequence generation, special design is needed, for example, to introduce a higher-layer configurable point-specific ID. This problem is also being discussed in CoMP WI, so a common solution is highly expected from the view of specification.
Proposal 3: Inter-point interference randomization in CoMP scenario 4 should be considered for the DMRS with cell-specific sequence generation for E-PDCCH, and the solution consistent with the DMRS in CoMP data transmission is highly expected.
5 Conclusions

In this contribution, our considerations on the reference signals for E-PDCCH demodulation are presented, and our proposals are listed as follows,
· Proposal 1: For distributed E-PDCCH, non-precoded DMRS with cell-specific sequence generation is preferred.

· Observation 1: For localized E-PDCCH with no MU-MIMO supported, implicit DMRS port indication seems more preferable because of no interferences and no multiplexing restriction.
· Observation 2: When localized E-PDCCH allows MU-MIMO, interference of DMRS cannot be avoided for all options. UE-specific sequence generation has higher MU pairing freedom than cell-specific sequence generation.

· Proposal 2: The DMRS of localised E-PDCCH should be investigated carefully to achieve a better tradeoff between multiplexing/MU pairing freedom and DMRS orthogonality.

· Proposal 3: Inter-point interference randomization in CoMP scenario 4 should be considered for the DMRS with cell-specific sequence generation for E-PDCCH, and the solution consistent with the DMRS in CoMP data transmission is highly expected.
References
[1] 3GPP RAN1#67 Chairman's Notes, San Francisco, USA, 14th – 18th November 2011
[2] R1-114302, DM-RS design for E-PDCCH in Rel-11, RAN1#67, NTT DOCOMO
