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1 Introduction 
In RAN1#68, RAN1 agreed on the following working assumption on PDSCH DMRS enhancement.
Working Assumption:
· 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
Furthermore, in RAN1#68bis, RAN1 confirmed the working assumption above and agreed on additional working assumptions:

Working assumption:
· For the DMRS sequence initialization
· Two candidate values of X are configured: x(0) and x(1)
· nSCID  is reused for dynamic selection of x(0) or x(1) only for rank 1 and 2

· Note that nSCID equals to 0 for the rank larger than 2

· Further study is not precluded for the optimization for the higher rank
· Further study is not precluded for the dynamic selection of x(0) or x(1)
· Further study is not precluded for the dynamic switching or semi-static switching of subframe offset (ns)

On the other hand, in RAN1#68bis, RAN1 agreed the following on the ePDCCH DMRS scrambling:

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

Working assumption:
· 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

This contribution investigates design options for ePDCCH DMRS scrambling, reflecting the RAN1 developments of ePDCCH and PDSCH DMRS scrambling enhancement.

2 DMRS Scrambling Alternatives for Enhanced Control Channels
It is first noticed that a UE has to know the DMRS scrambling initialization for estimating channels for demodulating eCCHs. As the configuration of eCCH search space includes information about eCCH candidate resources, e.g., PRBs, antenna ports, etc., it seems that it is natural to consider DMRS scrambling initialization as a part of eCCH search space design. 
Proposal 1: The DMRS scrambling initialization should be considered as part of search space design. 
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Figure 1 Alternatives for eCCH DMRS scrambling initialization 
Figure 1 illustrates a few alternatives on the configuration of the DMRS scrambling initialization, which are also explained below:
· Alt 1 (Figure 1(b)): Each Rel-11 UE is RRC configured with a set of DMRS scrambling initialization parameters, X, for eCCH demodulation. For example, when a UE is configured with X =
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, the UE will assume that the ePDCCH DMRS in all the ePDCCH PRBs in the search space are scrambled with the initialization X =
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· Alt 2 (Figure 1(c)): Each Rel-11 UE is RRC configured with a PRB-specific DMRS scrambling initialization pattern for eCCH demodulation. 
· Alt 3 (Figure 1(d)): Each Rel-11 UE is RRC configured with up to N (e.g., N=2) sets of DMRS scrambling initialization parameters for eCCH demodulation. For example, when a UE is configured to use two candidate X’s, the UE would try to estimate the channels according to each of the two X’s. 
Alt 1 provides semi-static configurability of DMRS scrambling initialization and TP-specific DMRS randomization (or intra-cell frequency reuse) for CoMP scenario 4 and inter-cell orthogonal DMRS can be implemented in a semi-static manner. However, the lack of dynamic configurability would reduce scheduling flexibility and degrade the channel estimation performance as compared to the Rel-11 PDSCH DMRS whose scrambling initialization is dynamically configurable, which does not seem to be desirable. 
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Figure 2 Example ePDCCH transmissions according to Alt 2
Alt 2 and Alt 3 allows eNodeB to dynamically choose DMRS scrambling initialization for each UE. 
In case of Alt 2, eNodeB can apply dynamic point selection or diversity transmissions to a CoMP UE, for better ePDCCH decoding reliability, where at the same time, eNodeB can multiplex intra/inter-TP UEs orthogonally or semi-orthogonally. Figure 2 illustrates some example ePDCCH transmissions according to Alt 2, to a CoMP UE, i.e., UE1 placed in a neighbourhood of TP1 and TP2, and non-CoMP UEs, i.e., UE2 and UE3 who are close to TP2. Note that in the figure the ePDCCH PRBs not containing ePDCCH for UE1/UE2/UE3 can be used for transmitting ePDCCH to another UE. 
· In Ex1, an ePDCCH for UE 1 is transmitted across 2 PRBs, where the two PRBs are scrambled according to (X1, nSCID(1)) and transmitted from TP1 as a result of dynamic point selection (DPS). In the figure, the two PRBs are transmitted from TP1, which is the better TP for the ePDCCH reception. At the same time, UE2 and UE3 near TP2 can receive ePDCCH in the same time-frequency resource with a differently scrambled DMRS for spatial reuse. 
· In Ex2, an ePDCCH for UE 1 is transmitted across 2 PRBs, where the two PRBs are scrambled according to (X2, nSCID(2)). In the figure, the two PRBs are transmitted from TP2, which is the better TP for the ePDCCH reception. At the same time, UE2 and UE3 near TP2 can receive ePDCCH in the same PRB with different DMRS ports for orthogonal DMRS multiplexing. 
· In Ex3, an ePDCCH for UE 1 is transmitted across 2 PRBs, where one PRB’ DMRS are scrambled according to (X1, nSCID(1)) and the other PRB’s DMRS are scrambled according to (X2, nSCID(2)). The figure describes that the PRB whose DMRS is scrambled according to (X1, nSCID(1)) is transmitted from TP1, and the PRB whose DMRS is scrambled according to (X2, nSCID(2)) are transmitted from TP2. Ex3 is essentially a spatial diversity transmission for UE 1, which helps UE1 to reliably receive the ePDCCH even if the available CSI is not reliable. At the same time, UE2 and UE3 near TP2 can receive ePDCCH in the same PRBs with different DMRS port(s) or a different scrambling sequence for orthogonal DMRS multiplexing or spatial reuse. 
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Figure 3 Example ePDCCH transmissions according to Alt 3
Alt 3 seems to be the most flexible solution for the dynamic configuration. However, the decoding reliability should be carefully examined as it relies upon UEs’ blind detection of scrambling initialization. Figure 3 illustrates some example ePDCCH transmissions according to Alt 3. 
· In Ex1, an ePDCCH (or a DCI) for UE1 is transmitted across 2 PRBs, where the two PRBs’ DMRS are scrambled according to (X1, Y1), and transmitted from TP1, as TP1 has better channel than TP2. At the same time, UE2 and UE3 near TP2 can receive ePDCCH in the same time-frequency resource with a differently scrambled DMRS for spatial reuse.
· In Ex2, an ePDCCH (or a DCI) for UE1 is transmitted across 4 PRBs, where the two PRBs’ DMRS are scrambled according to (X1, Y1), and transmitted from TP2, as TP2 has better channel than TP1. At the same time, UE2 and UE3 near TP2 can receive ePDCCH in the same PRB with different DMRS ports for orthogonal DMRS multiplexing. 
Having these observations, the following is proposed:

Proposal 2: Adopt either of Alt 2 and Alt 3 for DMRS scrambling initialization for eCCHs, for scheduling flexibility and reliable eCCH receptions.

3 Conclusion

This contribution reviewed the following alternatives on the DMRS scrambling for enhanced control channels:

· Alt 1: Each Rel-11 UE is RRC configured with a set of DMRS scrambling initialization parameters (e.g., X and/or Y) for eCCH demodulation. 
· Alt 2: Each Rel-11 UE is RRC configured with a PRB-specific DMRS scrambling initialization pattern for eCCH demodulation. 
· Alt 3: Each Rel-11 UE is RRC configured with up to N (e.g., N=2) sets of DMRS scrambling initialization parameters for eCCH demodulation. 

In addition, this contribution proposes the following:

Proposal 1: The DMRS scrambling initialization should be considered as part of search space design. 

Proposal 2: Adopt either Alt 2 or Alt 3 for DMRS scrambling initialization for eCCHs, for scheduling flexibility and reliable eCCH receptions.
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