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1. Introduction

This contribution discusses the aspects on
· Scrambling for encoded bits for EPDCCH
· Sequence initialization for DM RS of EPDCCH

· DM RS orthogonality
This contribution has been revised from [1].

2. Scrambling for encoded bits for EPDCCH
The initialization for encoded bit level scrambling needs to be defined whether it is cell (or virtual cell) specific or UE specific. For EPDCCH, the initialization for cell/virtual cell specific cell scrambling can be represented as follows;
· Cell/virtual cell specific: 
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· UE specific: 
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As for legacy PDCCH, cell specific scrambling for encoded bits is applied. However, if UE specific scrambling is applied, then false alarm can occur in some cases due to possible codeword transition by blind decoding operation. Therefore, this false alarm issue is valid in EPDCCH with UE specific scrambling initialization by blind decoding but not for PDSCH which does not require blind decoding operation. For example, assuming the codeword of scrambled encoded bits for a certain UE is X, during blind decoding operation by another UE, the codeword including CRC bits can be changed into the state of which CRC check could say successful decoding.
To verify this, we tested whether UE1’s DCI can pass UE2’s CRC check over a noise free link. The link level simulation chain is illustrated in Figure 1 and the detailed simulation assumptions are tabulated in Appendix A.
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Figure 1 Link level simulation chain for false alarm test
With UE-specific scrambling initialization, in de-scrambling step for the intended UE2 when the signal is for UE1, the de-scrambled bits could be transitioned into another codeword. With this, the CRC can pass after decoding although CRC check should have failed. Two cases are shown by link level simulation below under noise-free environment. With the given UE RNTIs and DCI bits, when the DCI is transmitted with scrambling by UE1 RNTI, the decoding by UE2 RNTI can show CRC-pass with UE specific scrambling initialization.
Case 1)

UE1 RNTI: 34161

UE2 RNTI: 52

DCI Bits: 0  1  1  0  0  0  1  0  1  1  0  1  0  0  1  0  0  0  1  0  0  0  0  1  1  1  1  1  1  1  0  1  1  0  1  1  1  0  0  1
Case 2)

UE1 RNTI: 61819

UE2 RNTI: 29758

DCI Bits: 0  0  1  1  0  0  0  0  0  1  1  0  1  0  0  1  0  1  1  1  0  1  1  1  1  1  1  0  0  1  0  0  0  0  0  0  1  1  0  0
It is noted that there are more examples for false alarm detection. Also, we found that there is no false alarm detection by cell-specific scrambling. Considering that the EPDCCH can be transmitted by different TPs, virtual cell ID specific scrambling is more preferred. Therefore, we propose virtual cell specific scrambling for encoded bits of EPDCCH.
Proposal 1: The virtual cell specific scrambling is used for encoded bits of EPDCCH; 
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3. DM RS sequence initialization for EPDCCH
In RAN1#68bis, the following working assumption was agreed.
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

For DM RS of PDSCH transmission, nSCID is given by PDCCH/EPDCCH and in consequence X is determined accordingly. However, since for EPDCCH blind decoding is needed, more than one possibility for the initialization parameters could result in more blind decoding attempts for the UE. Therefore, in order not to increase blind decoding attempts, the values of nSCID and X need to be predetermined for EPDCCH detection. The simplest way would be to fix nSCID=0 and to use X=x(0) where x(0) is one of two values of X configured for PDSCH, corresponding to nSCID=0. Therefore, the following for DM RS initialization of EPDCCH is proposed.
Proposal 2: For DM RS sequence initialization for EPDCCH, the followings are used.
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where 
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4. DM RS orthogonality
As discussed in section 3, different UEs in the same cell can have different DM RS sequence due to different values of X. Therefore, for EPDCCH with MU-MIMO, one UE can use AP7 and the other UE can use AP8 for DM RS, but they can share the same ECCEs. If the DM RS sequence initializations of EPDCCH for two UEs are same (i.e. same DM RS sequences), two DM RSs are orthogonal by Walsh cover. However, if the DM RS sequence initialization of EPDCCH for two UEs are different (i.e. different DM RS sequence), two RSs are not orthogonal.
As detailed explanations, assuming UE 1 uses AP7 and UE 2 uses AP8, the received signals from a pair of OCC-2 DM RSs can be written as
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where 
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 are the sequence values for DM RS at symbol 0 and 1 for UE 1, respectively. 
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 are the sequence values for DM RS at symbol 0 and 1 for UE 2, respectively. 
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are the channels for UE 1 and UE 2, respectively. 
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 are the received signal at symbol 0 and 1, respectively.
After de-scrambling and de-spreading for UE 1, the estimated channel becomes
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In order to maintain the orthogonality on channel estimation for each UE, the condition is 
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The following two conditions can satisfy equation (3).

· Condition 1: 
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· Condition 2: 
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The condition 1 means that two DM RS sequence values for adjacent two OFDM symbols are same and the condition 2 means that two sequence values for different UEs in the same REs are same.
Condition 1 can be implemented by the following equation for section 6.10.3A.2 of [3].
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Equation (4) can be further enhanced by applying antenna port specific DM RS initialization.
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Condition 2 can be implemented by the eNB scheduling the UEs for MU-MIMO so that two DM RSs from two UEs have the same sequence values for two APs.

· A UE may assume the same reference signal sequences r(m) at an RE within a CDM group having same 
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 in section 6.10.3.2 of [3] when the UE performs the blind decoding for EPDCCH.
It is also noted that this can be also generally applied to possibly remove inter-cell interferences with different APs from different cells [1].
Proposal 3: One of the following options is specified to ensure orthogonality between APs within a CDM group having same 
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· Option 1: Same DM RS sequences for a UE on two OFDM symbols are used. Specify the following in section 6.10.3A.2 of [3]:
· 
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· Option 2: Same DM RS sequences for different UEs on the RE within a CDM group. Specify the following:
· A UE may assume the same reference signal sequences r(m) at an RE within a CDM group having same 
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 in section 6.10.3.2 of [3] when the UE performs the blind decoding for EPDCCH.
5. Conclusions
This contribution discussed some of remaining issues for
· Scrambling for encoded bits for EPDCCH

· Sequence initialization for DM RS of EPDCCH

· DM RS orthogonality
Based on the discussions, our proposals are summarized as follows;

Proposal 1: The virtual cell specific scrambling is used for encoded bits of EPDCCH; 
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Proposal 2: For DM RS sequence initialization for EPDCCH, the followings are used.
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where 
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Proposal 3: One of the following options is specified to ensure orthogonality between APs within a CDM group having same 
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· Option 1: Same DM RS sequences for a UE on two OFDM symbols are used. Specify the following in section 6.10.3A.2 of [3]:
· 
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· Option 2: Same DM RS sequences for different UEs on the RE within a CDM group. Specify the following:
· A UE may assume the same reference signal sequences r(m) at an RE within a CDM group having same 
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 in section 6.10.3.2 of [3] when the UE performs the blind decoding for EPDCCH.
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Appendix A

Table 1 Simulation assumption

	Parameter
	Value

	SINR
	 Noise free

	Number of DCI bits 
	 40 bits ( without CRC )

	Cell ID
	 0

	Number of UE
	 2

	UE RNTI Value
	Randomly generated

	PDCCH Aggregation Level
	 2

	DCI bits
	 Randomly generated
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