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1. Introduction
In RAN1 #68bis meeting, the issues regarding the DMRS for ePDCCH were discussed and the following agreement and working assumption were concluded: 

Agreement from RAN1#68bis:

· The same scrambling sequence generator is used for ePDCCH DM-RS as PDSCH DM-RS.

Working assumption from RAN1#68bis:

· The scrambling sequence generator of DMRS for ePDCCH on ports 7~10 is initialized by
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· Details of nSCID and X is FFS.
In this contribution, we present our views about the scrambling sequence, RS collision problem and DMRS overhead. 

2. Discussions
2.1. Scrambling sequence for ePDCCH
The configurability of scrambling sequence parameters for ePDCCH, like antenna ports assignment [1], can support various ePDCCH Tx schemes by a proper combination of DMRS and resource configurations. For example, in a similar manner with PDSCH MU-MIMO operation, ePDCCH MU-MIMO can be done within a same cell by using same antenna port and different nSCID. Another use case of different scrambling sequence in different ePDCCH candidate positions is a Dynamic transmission/reception Point Selection (DPS). 
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Figure 1. An example of DPS using scrambling parameters
For example, in Figure 1, network can indicate {port 8/(X1, nSCID1)} for eCCE1 and {port 8/(X2, nSCID1)} for eCCE0 to UE1. It means that the UE1 can use {port 8/(X1, nSCID1)} on eCCE1 and {port 8/(X2, nSCID1)} on eCCE0 for detection of E-PDCCH, and better TP for UE1 considering channel condition can be selected UE-transparently by network. And if there is another UE’s candidate position within a same PRB pair (e.g. UE2 in TP1 cell), same scrambling parameters and different port can guarantee the orthogonality between UE1 and UE2. In addition, for ePDCCH MU-MIMO between UE1 and UE2 using configurability of scrambling parameter in TP1 cell, network can configure {Port 8, (X1, nSCID2)} for eCCE1 to UE2. In these examples, we assume that X parameter is used to distinguish between TPs and nSCID is used to distinguish between UEs within a same MU-MIMO pairing (in the same way with PDSCH MU-MIMO).
Proposal 1: The configurability of scrambling parameters (i.e. X and nSCID) should be supported by higher layer signaling for applying various ePDCCH transmission schemes.
2.2. DMRS collision between neighboring TPs
In the CRS-based transmission, the v-shift is used for avoiding RS collision among neighbor TPs. On the other hand, there are no cases where CRS is used for demodulation of the ePDCCH according to working assumption agreed in RAN1#67 meeting. This means RS collision problem should be considered for DMRS-based ePDCCH. One solution would be to separate the frequency/time resources for ePDCCH from those used for the ePDCCH resources in the neighboring TPs to avoid overlap of ePDCCH RSs. This solution has an obvious disadvantage that ePDCCH resource configuration is restricted in the presence of several mutually interfering TPs. Furthermore, even with the separation of ePDCCH time/frequency resources, it is difficult to avoid the collision between ePDCCH DMRS and PDSCH DMRS across multiple TPs for some antenna ports like port 7 or 8 because they are more frequently used for PDSCH transmissions than the other antenna ports. 
Proposal 2: The RS-collision problem between neighbor TPs should be considered in the discussion of reference signal for ePDCCH.
Figure 2 presents ePDCCH performance comparison when neighbor TP use same/different antenna port at the same resource. In this figure, 7-7 case means that both TPs configure same port (i.e. port 7) to same eCCEs, and 7-9 case means that different ports (i.e. port 7 and 9) are used for different TP at the same eCCEs. As shown in this figure, RS collision case, i.e. 7-7 case, cannot get enough of boosting gain compared to RS non-collision case, i.e. 7-9 case. So it is appropriate that each eNB should configure different port from neighboring cell in a same time/frequency resources. The simulation assumptions are shown in Appendix A.
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Figure 2. Performance comparison between RS collision and RS non-collision

2.3. DMRS overhead 
The DMRS overhead depends on the number of antenna ports allocated within a PRB pair. If antenna ports {7}, {8}, {9}, {10},{7,8} or {9,10} are allocated in a PRB pair, 12 REs are needed as a DMRS overhead.  But antenna ports {7,9}, {7,10}, {8,9}, {8,10} or more than 3 ports are assigned in a PRB pair, it needs 24 REs as a DMRS overhead. The advantage of 12 REs overhead is to acquire additional coding gain rather than 24 REs overhead, while the maximum number of ports in that PRB pair is limited to 2. 
From the perspective of DMRS overhead, a point to be considered is the variance of the number of eCCEs per PRB pair. For example, the number of OFDM symbols used for ePDCCH transmission (i.e. the length of DwPTS)  is decreased in special subframe, so the number of eCCEs per PRB pair included in that subframe could be declined from 4 to 1~2. PRB pairs including PBCH and/or SCH, like a special subframe, may have just 1~2 eCCEs. In these cases, DMRS overhead of 24 is a needless waste of resource, while 12 REs overhead can bring additional coding gain. Figure 3 presents ePDCCH performance comparison between the case of 12 REs overhead and 24 REs overhead. As shown in this result, saving 12 RE can provide non-negligible performance gain especially when coding rate is relatively high and/or the number of available resources is low, so it is desirable to exploit this DMRS overhead saving operation as much as possible. In this simulation, 12 REs overhead case is divided into normal power case and power adjustment case, and RS power is boosted up by 3 dB (which is borrowed from date REs in same symbol) in power adjustment case. The simulation assumptions are shown in Appendix A and B.
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Figure 3. Performance comparison between 12 and 24 REs overhead
Another consideration is to distinguish the shared RS case from the dedicated RS case. If shared RS is applied to ePDCCH transmission, eCCEs included in a PRB pair use same RS(s) of 1 or 2 ports. It means just 12 REs overhead is needed for shred RS case, so overhead saving for increasing coding gain is also applied to this case. But, in order to get this merit of overhead saving, the UE should know RS type (e.g. shared RS or dedicated RS) or DMRS overhead (e.g. 12 or 24).
All things considered, to exploit overhead saving effect (i.e. increasing coding gain) due to the decrease of available resources and the RS type, introducing RRC signaling for indicating DMRS overhead should be considered.  
Proposal 3: The indication of DMRS overhead by RRC signaling could be considered to get additional coding gain.
3. Conclusion
In this contribution, we discuss scrambling sequence, RS collision problem and DMRS overhead. Our views for those issues are as follows:
Proposal 1: The configurability of scrambling parameters (i.e. X and nSCID) should be supported by higher layer signaling for applying various ePDCCH transmission schemes.
Proposal 2: The RS-collision problem between neighbor TPs should be considered in the discussion of reference signal for ePDCCH.
Proposal 3: The indication of DMRS overhead by RRC signaling could be considered to get additional coding gain.
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Appendix A. Simulation assumption for Figure 2 and 3
	Parameter
	Value

	System bandwidth
	10MHz

	Carrier frequency
	2GHz

	Antenna configuration
	2x2

	Channel model
	ITU_PED_A, UE speed: 3km/h

	Tx scheme
	closed loop beamforming

	Codebook
	Rel-10 Codebook for 2-Tx

	PMI granularity
	Wideband

	PMI periodicity
	each 10ms

	Modulation
	QPSK

	DM-RS configuration
	port 7

	DCI payload
	42 (for DCI) + 16 (for CRC) bits
27 (for DCI) + 16 (for CRC) bits

	eCCE configuration
	Normal subframe: 4 eCCEs per PRB pair, 36 REs per eCCE
Special subframe: 2 eCCEs per PRB pair, 42 REs per eCCE
Interleaved mapping of eCCE in a PRB pair


Appendix B. Power allocation for Figure 3
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