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1 Introduction
At the RAN WG1 #66bis meeting, the following agreement was concluded on ePDCCH design:

· 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

At the RAN WG1 #67 meeting, the following Working Assumption was agreed on PDSCH DMRS scrambling:
· Enhancement to DMRS sequence in Rel-11 DL-CoMP is supported. 

· The scrambling sequence of DMRS for PDSCH on ports 7~14 is initialized by
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· X is a parameter whose value is dynamically chosen from {x(0), x(1), … x(N-1)} for N>1, and x(n) (0<=n<N) are configured by UE-specific RRC signaling.  

· The value of N and details of dynamic selection are FFS.
· X could be dynamic signaling with additional bits of DCI format or 

· Tied to current parameter, e.g., nSCID
· The value range of x(n) (0<=n<N) is FFS.
· Note: Target of harmonization with ePDCCH is FFS
· Note: Target of minimize the modification of any DCI formats for DM-RS sequence

In this contribution, we discuss some further details for the reference signal design

2 DMRS usage for Enhanced PDCCH

eREGs in a RB can be grouped and bonding with certain DMRS port(s) for demodulating. We refer to the eREG definition in another contribution [1]. In a subframe with normal CP, all eREGs of one RB pair are divided to 4 resource sets belonged to 4 eCCEs respectively which are shown in Figure 1.
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                    Figure 1 eREG and resource set definition 
Basically, we consider different usage of DMRS ports for ePDCCH according to the occupied control resource in the RB pair to avoid DMRS resource waste [2], more details can be found in Table 1. 

For ePDCCHs with shared RS, if an ePDCCH don’t fully occupy all the eREGs in a RB pair, demodulations of the REGs in Resource Set 1 and 2 are based on port7/9 and demodulations of the other REGs in Resource Set 3 and 4 are based on port 8/10, which will give more balanced power allocation. If an ePDCCH fully occupy all the eREGs in a RB pair, ePDCCH demodulation in the RB pair are based on port7,9 or port8,10, which port group is used can be configured by RRC signaling for interference coordination between different TPs.
For BFed ePDCCHs with UE specific RS, we assume single layer transmission is a starting point for both localized and distributed mapping. If only one Resource Set in a RB pair is occupied by an ePDCCH, UE can have port 7, 9, 8, 10 used for demodulation of Resource Set 1, 2, 3, 4 respectively. This association (base association) between DMRS ports and resource permit multiplexing ePDCCH with shared RS and UE specific RS in one RB pair. If two Resource Sets in a RB pair are occupied by an ePDCCH, the UE will assume the same port is used of the two Resource Sets. One of the two ports used for the two Resource Sets in base association can be chosen .E.g. when Resource Set 1, 2 are occupied by one ePDCCH, port7 or 9 can be used for demodulation. When Resource Set 3, 4 are occupied, port 8 or 10 can be used. If all the four Resource Sets in a RB pair are occupied by an ePDCCH, the UE can use port 7 or 8 for ePDCCH demodulation in the RB pair. Configurable orthogonal DMRS should be supported for ePDCCH for this case. 

	Normal CP
	UE specific RS
	
	Number of Resource Set occupied by one ePDCCH in a RB pair

	
	
	
	1 Resource Set
	2 Resource Set
	4 Resource Set

	
	
	Resource Set 1
	Port 7
	Port 7 or 9
	Port 7 or 8

	
	
	Resource Set 2
	Port 9
	
	

	
	
	Resource Set 3
	Port 8
	Port 10 or 8
	

	
	
	Resource Set 4
	Port 10
	
	

	
	Shared RS
	
	       Number of eREGs occupied by one ePDCCH in a RB pair

	
	
	
	Not full
	              Full

	
	
	eREGs in Resource Set 1 and 2
	Port 7,9
	Port 7,9 or Port 8,10

	
	
	eREGs in Resource Set 3 and 4
	Port 8,10
	


Table 1 Association between resource and DMRS ports in subframe with normal CP
In a subframe with extended CP, there are only 2 DMRS ports can be used. We assume the resource definition is similar to Figure 1, and consider different usage of DMRS ports for ePDCCH according to the occupied control resource in the RB pair for BFed ePDCCH with UE specific RS. For ePDCCH with shared RS, the demodulation of all the eREGs in the RB pair is always based on port7, 8. More details are shown in Table 2
	Extended CP
	UE specific RS
	
	Number of Resource Set occupied by one ePDCCH in a RB pair

	
	
	
	1 Resource Set
	2 Resource Set
	4 Resource Set

	
	
	Resource Set 1
	-
	Port 7
	Port 7 or 8

	
	
	Resource Set 2
	-
	
	

	
	
	Resource Set 3
	-
	Port 8
	

	
	
	Resource Set 4
	-
	
	

	
	Shared RS
	
	       Number of eREGs occupied by one ePDCCH in a RB pair

	
	
	
	Not full
	           Full

	
	
	eREGs in Resource Set 1 and 2
	Port 7,8
	Port 7,8

	
	
	eREGs in Resource Set 3 and 4
	Port 7,8
	


Table 2 Association between resource and DMRS ports in subframe with extended CP
Proposal 1:  
-  Multiple associations between DMRS antenna ports and resource for resource sizes in a PRB pair should be considered, except for ePDCCH with shared RS in subframe with extended CP.
-  Association between DMRS antenna ports and resource should support flexible multiplexing of ePDCCHs. E.g. BFed ePDCCH with UE specific RS and diversity ePDCCH with Shared RS in a RB pair

-  UE specific configurable DMRS port(s) should be considered for interference coordination when a ePDCCH occupy all the eREGs in an RB pair

The frequency domain ICIC of ePDCCH is not sufficient in high traffic load case. ePDCCH will suffer the interference from neighbor TPs and requires schemes to mitigate inference for RS. ePDCCH will be likely interfered by PDSCH with low rank(<=2) transmission form Neighboring TP. This means REs of neighboring PDSCH will more likely interfere ePDCCH in port9/10 and port 7/8 have less interference. For BFed ePDCCH, distributed mapping can shift the association in different RBs to mitigate this in balance interference among ports. 
	
	RB1
	RB2
	RB3
	RB4

	
	Number of Resource Set occupied by one ePDCCH in a RB pair
	Number of Resource Set occupied by one ePDCCH in a RB pair
	Number of Resource Set occupied by one ePDCCH in a RB pair
	Number of Resource Set occupied by one ePDCCH in a RB pair

	
	1
	2
	1
	2
	1
	2
	1
	2

	Resource Set 1
	Port 7
	Port 7 
	Port 9
	Port 9
	Port 7
	Port 7 
	Port 9
	Port 9

	Resource Set 2
	Port 9
	
	Port 7
	
	Port 9
	
	Port 7
	

	Resource Set 3
	Port 8
	Port10
	Port 10
	Port 8
	Port 8
	Port10
	Port 10
	Port 8

	Resource Set 4
	Port 10
	
	Port 8
	
	Port 10
	
	Port 8
	


Table 3 Association between resource and DMRS ports in different RB 
The shift can be configurable, for UE with distributed mapping and without frequency ICIC. Another scheme is different Association in different RBs. 
Proposal 2:  Distributed mapping should support different RB using different DMRS port association. 

3 DMRS scrambling initialization
For PDSCH, the working assumption is UE specific DMRS scrambling initialization parameter should be dynamic signaled in DCI . Then, the necessary for a flexible scrambling initialization for ePDCCH should be confirmed. The approaches on the configuration of the DMRS scrambling initialization should be chosen. For ePDCCH, UE specific DMRS scrambling initialization should also be considered. At least quasi-orthogonal RS should be supported for cell splitting of the ePDCCH transmission. ePDCCH DMRS scrambling initialization can use the sub-set of PDSCH set {x(0), x(1), … x(N-1)}. The n_scid can be fixed or configurable。
Proposal 3:
-  UE specific DMRS scrambling initialization parameter configuration should be supported for ePDCCH
-  ePDCCH DMRS scrambling initialization parameter should be subset of {x(0), x(1), … x(N-1)} 
UEs will be multiplexed in 1 RB without sharing the DMRS. Interference between ePDCCH/PDSCH(s) is more complicated than interference between PDSCHs.
Supporting dynamic scrambling initialization parameter X for all ePDCCH candidates is difficult. Dynamic signaling all the X of ePDCCH will introduce quit a lot blind detection. However, the blind detection needs to be restricted. For some scenarios, supporting blind detection is not effective. In figure 1 and 2, it is hard to align the Xs to orthogonal, since the number of UEs is high. 
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Figure 1  ePDCCHs and PDSCH transmission (a)        Figure 2  ePDCCHs and PDSCH transmission (b)
Dynamic X works well in scenarios with less UE multiplexed in 1 RB, as shown in figure 3 and 4.
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Figure 3  ePDCCHs and PDSCH transmission (c)        Figure 4  ePDCCHs and PDSCH transmission (d)
The UE with dynamic X can coordinate better with R10 UE PDSCH in neighboring TPs.
It is need to evaluate the case of ePDCCH on full RB. In this case the blind detection increasing is small. It needs to be considered that trade off some blind detection for interference coordination.
Proposal 4: We should consider blind detection on sequences for ePDCCH to achive effect of dynamic scrambling initialization. 
Beside RB level frequency domain ICIC/COMP, ePDCCH should also be considered to support resource set level ICIC/COMP in RB. Figure 5 and 6 illustrated some cases.
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Figure 5  ePDCCHs ICIC (a)                   Figure 6  ePDCCHs ICIC (b)
For those cases, we assume TP specific scrambling initialization parameters are configured to UEs. Although the controls are orthogonal in time-frequency, the RSs from 2 TPs still cause interference if the two ports shared DMRS REs is allocated to UEs with different parameters. Thus, we suggest assign 2 different scrambling initializations for Port7/8 and Port9/10 to TP edge UE, with associations to different resource sets. As in Figure 5 and 6, resource set 1, 3 use X1 and resource set2, 4 use X2. 
Proposal 5: If ePDCCH does not occupy 1 full RB, different scrambling initializations can be assigned to 2 groups of resource sets for Port7/8 and Port9/10 respectively.
4 Conclusion
In this contribution, we discussed ePDCCH DMRS with consideration of inter cell coordination. The resource set and ports assignment is discussed. The scrambling sequence initialization and configuration schemes and corresponding scenarios are also analyzed.
The following are proposed:

Proposal 1:  
-  Multiple associations between DMRS antenna ports and resource for resource sizes in a PRB pair should be considered, except for ePDCCH with shared RS in subframe with extended CP.
-  Association between DMRS antenna ports and resource should support flexible multiplexing of ePDCCHs. E.g. BFed ePDCCH with UE specific RS and diversity ePDCCH with Shared RS in a RB pair

-  UE specific configurable DMRS port(s) should be considered for interference coordination when a ePDCCH occupy all the eREGs in an RB pair

Proposal 2:  Distributed mapping should support different RB using different DMRS port association. 

Proposal 3:

-  UE specific DMRS scrambling initialization parameter configuration should be supported for ePDCCH

-  ePDCCH DMRS scrambling initialization parameter should be subset of {x(0), x(1), … x(N-1)} 

Proposal 4: We should consider blind detection on sequences for ePDCCH to achive effect of dynamic scrambling initialization.
Proposal 5: If ePDCCH does not occupy 1 full RB, different scrambling initializations can be assigned to 2 groups of resource sets for Port7/8 and Port9/10 respectively.
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