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1. Introduction

In this contribution we will discuss the aggregation level ambiguity problem that was solved for PDCCH in Rel-8 by adding a zero bit to the DCI format whenever an ambiguity occurred, and we will show that the same solution does not provide a meaningful solution for the ePDCCH case. First we give some background of the problem: 

The number of available RE for a PDCCH transmission is a multiple of 36 since the aggregation level is described in terms of CCEs where each CCE has 36 modulated symbols or equivalently 72 encoded bits. In the ePDCCH case, the situation is different since the number of available RE depends not only on the number of aggregated eCCE, but also on the presence of CRS, CSI-RS, the ePDCCH start symbol, the CP length and whether the subframe is a normal or special subframe. Hence, the number of output bits from the rate matching is in general not a multiple of 72 for ePDCCH.

Due to the circular buffer based rate matching, for a given PDCCH aggregation level, coded bits start to repeat themselves. This was identified as a problem during Rel-8 development due to the fact that dynamic A/N resources are determined by the indices of the first and in some case the second CCE and the UE may then in fact decode a PDCCH at a lower aggregation level, and hence wrong start CCE index, than what was actually transmitted. Nevertheless, only a few payload sizes created this aggregation level ambiguity and the problem was solved by avoiding, by appending zero bits, that the DCI payload size was equal to one of these payload sizes {12,14,16,20,24,26,32,40,44,56} which are “forbidden”, see Table 5.3.3.1.2-1 in [1].

In this contribution, we take a new look at this aggregation level ambiguity problem for ePDCCH transmissions and analyze the fact that the number of rate matched bits is not a multiple of 72. 

2.  Aggregation level ambiguity for ePDCCH

If aggregation level ambiguity and eCCE start index confusion occurs for ePDCCH, the impact is two-fold:

· The dynamic A/N resource, which is determined by the eCCE index, is wrongly selected by UE and A/N is not received by eNB

· In some cases, the UE assumes fewer PRB pairs than actual has been used for an ePDCCH transmission and thus may expect a PDSCH transmission in PRB pairs where ePDCCH is transmitted, which will corrupt the PDSCH transmission
Ambiguity due to the circular rate matching buffer occurs when this equality is fulfilled, obtained by generalized the expression in [2]
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where N is the ambiguous payload size and m and k are both integers and 
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  is the available number of RE per CCE or eCCE. For PDCCH, 
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 RE per CCE which leads to the set of “forbidden” payload sizes of Table 5.3.3.1.2-1 in [1]. For ePDCCH on the other hand 
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which implies that the set of “forbidden” payload sizes will depend on the number of present CRS, CSI-RS, …etc in the PRB pair. See Table 1 for some examples. 

Table 1 Examples of ambiguous sizes of information bits for different number of available RE per eCCE
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	Ambiguous Sizes of Information Bits

	36  (CCE)
	12,14,16,20,24,26,32,40,44,56

	30
	12,14,16,19,20,24,28,29,32,34,36,39,40,44,54

	28
	12,16,19, 24,26,40

	26
	23,36


Hence, the solution of Rel-8 of identifying problematic payload sizes becomes intractable (since one set of problematic payload sizes is needed for each possible value of 
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 ). Furthermore, different eCCEs in the same subframe may have different number of available REs which makes a solution that identifies problematic payload sizes even less attractive. 

We therefore make the following observation:

Observation: The method used for PDCCH of identifying ambiguous sizes of information bits and adding zeros whenever ambiguity occurs is intractable when the DCI is transmitted by ePDCCH. An alternative solution is needed to solve the eCCE aggregation level ambiguity problem.  

3. Potential solutions to the ambiguity problem

Our preferred approach to solve the ambiguity problem is to make the ePDCCH essentially non-decodable in case the UE assumes the wrong aggregation level. A straightforward approach is to map the ePDCCH across eREGs belonging to different eCCE (eREGs are not filled within one eCCE first before moving to the next eCCE, but there is an eREG interleaver inserted in between). 

Another approach is to introduce an aggregation level specific scrambling initialization. Since the DCI formats can be individually processed as was discussed in [3], scrambling is applied per DCI message separately, which allows this operation. We believe this is the most straightforward approach and is our current preference. 

4. Conclusion

We have observed that the method used for PDCCH to avoid ambiguous payload sizes does not lead to an intractable solution for ePDCCH. Hence a new aggregation level ambiguity resolving method is needed. We therefore propose:

Proposal: Introduce an aggregation level specific scrambling of DCI message when scheduled by ePDCCH
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