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1. Introduction

For the completeness of Rel. 11 ePDCCH work, the ePDCCH scrambling sequence is worth some discussion. In Rel. 10 specification [2], UE specific scrambling is applied to PDSCH but cell specific scrambling is applied to PDCCH. Thus both methods seem to be valid candidates for ePDCCH scrambling sequence generation. However unlike PDSCH, UE blindly decode ePDCCH candidates. If UE specific scrambling is applied to ePDCCH, one UE may decode the other UE’s DCI correctly even if it is noise free. One of the purposes of this contribution is to verify whether false alarm probability increases if UE specific scrambling is applied to ePDCCH. 
Another aspect related to the scrambling is the UERS of ePDCCH. In the past RAN1 discussion it has been pointed out by multiple companies that the interference measured from UERS may not match the interference experienced by the associated ePDCCH REs [3], [4]. This is essentially due to FDM/TDM eCCEs may have completely overlapped but CDMed UERS. One way to overcome the intra-cell interference mismatch in the FDM/CDMed UERS is to firstly use OCC-2 de-spreading on all 12 UERS REs and observe the interference from 6 de-spreaded UERS. However, this method still can’t solve the inter-cell interference mismatch if the neighbouring cell is transmitting ePDCCH in the same PRB pair. This is because that each of the 12 UERS REs is scrambled randomly. Another purpose of this contribution is to verify whether the scrambling sequence of ePDCCH UERS can be changed to overcome the inter-cell interference mismatch problem.
2. ePDCCH scrambling sequence
The UE specific ePDCCH scrambling sequence initial seed in [1] is recapped as below:
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In this section, we tested whether UE1’s DCI can pass UE2’s CRC check over a noise free link. The link level simulation chain can be illustrated in Figure 1. Detailed simulation assumptions can be found in Appendix A. 
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Figure 1, Link level simulation chain to test the UE specific scrambling
Since the scrambling sequence is UE specific, the de-scrambling step cannot remove the scrambling sequence from the channel coded bits. Thus the channel coded bits becomes random after descrambling. Then in some cases, the CRC can pass after decoding.
Below is one such example we found in simulation.
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
Another example is:
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
There are many other examples.Though the overall probability of this error event is in the order of 4.4×10-6, we have tested that it never happens for cell specific scrambling seed initialization. Thus we have the first proposal below:
Proposal 1: The ePDCCH scrambling initialization seed should be cell specific as PDCCH scrambling initialization seed  
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3. ePDCCH UERS scrambling sequence
The inter-cell interference mismatch problem can be explained below. Assume cell A uses UERS port 7 to transmit eDCI 0 with eCCE 0 to UE 1 and the neighboring cell B uses UERS port 8 to transmit eDCI 1 with eCCE 1 to UE 2. The data RE for eCCE 0 and eCCE 1 are orthogonal but their associated UERS are overlapped. The received signals from a pair of OCC-2 UERS REs are listed in equation (1):
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 are the scrambling symbols on the first and second UERS RE for cell A, [image: image12.png]X
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 are the scrambling symbols on the first and second UERS REs for cell B, [image: image16.png]
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 are channels from cell A and cell B to UE 1 and [image: image20.png]Yo
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 are the received signals on the first and second UERS RE.
In order to remove the potential mismatched intra-cell interference, UE 1 is firstly doing de-scrambling and OCC-2 despreading to create one de-spreaded symbol using equation (2)
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It can be seen that in order to remove the potential mismatched inter-cell interference, we only need to satisfy equation (3):
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The easiest way to satisfy equation (3) is to have [image: image28.png]
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.
Thus the below equation in section 6.10.3A.2 of [1]

[image: image31.wmf])

'

3

'

3

(

)

'

(

PRB

DL

max,

RB

)

(

,

m

n

N

l

r

l

w

a

p

p

l

k

+

×

+

×

×

×

=

                                                         (4)
Should be changed to:
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                                                    (5)
Since the above equation has changed the scrambling symbol to be the same for a pair of OCC-2 UERS REs, it may negatively impact the inter-cell interference randomization on UERS REs. This can be overcome by applying UERS port specific scrambling sequence at least for two ports in the same OCC-2 group.
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                                (6)
Where np is number of UERS ports used with different scrambling sequence.
Proposal 2: Change the resource mapping equation in section 6.10.3A.2 to 
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4. Conclusion
In this contribution, we verified two issues related to ePDCCH scrambling. The first issue is related to the scrambling initialization seed for ePDCCH. We have verified that UE-specific scrambling initialization can cause false alarm probability increase. Since there is no benefit of it, we prefer to keep the original cell specific scrambling initialization seed or modify it to be TP specific. The second issue is related to inter-cell interference measurement mismatch. Though the cleanest solution for it is to re-design the UERS pattern, changing the scrambling sequence to make the scrambling symbol the same over two OCC-2 symbols seems to be one simple patch without re-designing the UERS pattern. Thus we have below two proposals:
Proposal 1: The ePDCCH scrambling initialization seed should be cell specific as PDCCH scrambling initialization seed  
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 or slightly modified to make it TP specific.
Proposal 2: Change the resource mapping equation in section 6.10.3A.2 to 
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6. Appendix A
Table 1 LLS Simulation Assumptions 
	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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