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1 Introduction
In the legacy PDCCH blind decoding process, the starting CCE index of the PDCCH could be misinterpreted by the UE due to the circular buffer rate matching. Then the starting CCE index ambiguity may cause different assumption of PUCCH resource if the PUCCH resource is implicitly derived from the starting CCE index of PDCCH. This issue is solved by zero padding on DCI if the DCI size could cause ambiguity [1]. The same issue also impacts EPDCCH in almost the same way if we reuse Rel.8 resource mapping scheme in EPDCCH, except that the available REs in each ECCE is a payload dependent variable.
In addition to the starting ECCE index ambiguity, eNB and UE may have different understanding on EPDCCH aggregation level (AL) for the same DCI. AL ambiguity has almost no impact on legacy PDCCH because eNB and UE have the same interpretation of the starting CCE index.  But the AL ambiguity may have big impact on EPDCCH scheduled PDSCH [3]. Since EPDCCH and PDSCH could multiplex in PRB pair granularity, the AL ambiguity could make the UE mess up the PRB used by EPDCCH and PDSCH if eNB transmits EPDCCH with some vulnerable ALs. 
This contribution tries to find a uniform solution for both starting ECCE index ambiguity and AL ambiguity for EPDCCH.
2  Discussion on blind decoding ambiguity
2.1 Aggregation level ambiguity
As agreed in RAN1 70 [2], “when a UE detects its DL assignment defining a PDSCH allocation which overlaps with the PRB pair(s) containing the DL assignment, the UE shall assume that the PDSCH scheduled by the DL assignment is rate-matched around the PRB pair(s) containing its DL assignment”. As an example in Fig.1, we assume that eNB uses RA type 0 for resource allocation. If eNB assigns one RBG to an UE through the downlink assignment carried by localized EPDCCH of AL4 from PRB pair 0, the localized EPDCCH occupies four ECCE within PRB pair 0. If UE has a blind decoding candidate of AL 8 which is mapped to both PRB pair 0 and 1, UE may decode the DCI correctly assuming AL 8. Then UE will not try to decode PDSCH in PRB pair 1 and it results in PDSCH rate matching error. The false alarm probability (FAP) is shown in Fig.2 (alt.1). We can see FAP approaches 90% (higher aggregation level is always chosen in aggregation level ambiguity) as the increasing of SINR if we use similar RE mapping rule as Rel.8, i.e. to fill the modulated symbols into CCE by CCE. The simulation assumptions are listed in the appendix. Note that if eNB transmits DCI with AL8 and UE correctly decodes the DCI assuming AL4, UE will treat EPDCCH as PDSCH during PDSCH decoding. This can also cause PDSCH rate matching error. 
For localized EPDCCH set when one PRB pair contains 4 ECCEs (example above), only the AL ambiguity between AL4 and AL8 impacts PDSCH detection. However, when one PRB pair contains 2 ECCEs, all the AL ambiguity between AL2, AL4 and AL8 could impact PDSCH decoding. And if one distributed EPDCCH set contains 8 PRB pairs and one aggregation level 2 candidate is mapped to all 8 PRB pairs, the aggregation level ambiguity problem also exists for distributed EPDCCH set. Considering the high probability of AL ambiguity, either some scheduling limitation or some standardized solution is needed to fix the AL ambiguity issue.
Observation 1: EPDCCH AL ambiguity between eNB and UE may happen quite frequently if we reuse the PDCCH symbol to RE mapping, and PDSCH rate matching could be wrong for an incorrect AL assumption.
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           Fig.1 EPDCCH AL ambiguity (AL4->AL8)                    Fig.2 EPDCCH FAP (AL4->AL8) for AL ambiguity 
2.2 Starting ECCE index ambiguity
The starting ECCE index ambiguity which will affect PUCCH resource allocation is similar with the legacy starting CCE index ambiguity due to circular buffer rate matching. Unlink the legacy CCE which has fixed REs per CCE, the available REs per CCE for EPDCCH depends on the configuration of other payloads such as CRS, CSI-RS, and legacy control region. If we reuse the same way to pad zero bits to all the vulnerable payload size for all of the possible ECCE sizes as legacy PDCCH, we have to use a very big table (listed in table 2 in the appendix) to include all the combinations of different payload sizes and ECCE sizes.
Observation 2: Starting ECCE index ambiguity becomes more challenging compared to Rel.8 due to the variable ECCE size.
3 Resolution of blind decoding ambiguity

There are many alternatives to solve the ambiguity for EPDCCH. Either aggregation level specific blind decoding candidate to EREG mapping or aggregation level specific scrambling is proposed in [3]. Compared to what has been proposed, we think the simplest way to solve the ambiguity issue is to map the modulated EPDCCH symbols sequentially in either a frequency first or time first way on the REs allocated for an EPDCCH transmission. Since different ALs have different allocated REs, the sequential mapping is potentially equivalent to AL specific interleaving which changes the RE mapping order for different aggregation levels. So the UE is not able to decode the DCI with an incorrect AL assumption even coded bits repeat themselves in rate matching.
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Fig.3 Example on AL ambiguity resolution for AL4 and AL8 with frequency first mapping on the resource allocated for an EPDCCH transmission
Fig.3 illustrates an example of frequency first modulated symbol to RE mapping for AL4 and AL8 for localized EPDCCH transmission. If eNB sends AL4 and UE tries to decode assuming AL8, UE has different understanding on the RE mapping order as eNB. Even there are repetitions due to circular buffer rate matching, the DCI can hardly be decoded. It is noted that the same effect can be found with time first mapping. The simulation result is shown as Alt.2 in Fig.2. We use the same simulation assumptions as alt.1, and almost no false alarm is observed in the simulation irrespectively of SINR.
Fig.4 shows how the starting ECCE index ambiguity (AL1 and AL2) is solved by frequency first mapping for localized EPDCCH. It is obvious that the false alarm AL1->AL2 or AL2->AL1 could not happen even there are repetitions on coded bits due to AL specific RE mapping order. E.g. if eNB transmits EPDCCH with AL2 on ECCE 0 and 1, and UE blindly decode the DCI assuming AL1 on ECCE 0, UE would use RE {0, 2, 4, …70} to decode the DCI, which results in decoding failure. The same decoding failure happens when UE blind decoding assuming AL1 on ECCE 1. It is noted that the same effect can be found with time first mapping. We reuse the assumptions in table I in the appendix to simulate the FAP of AL1 to AL2, and no false alarm is observed in our simulation.
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Fig.4 Example on starting ECCE index ambiguity resolution with frequency first mapping on the resource allocated for an EPDCCH transmission
Note that although ECCE to EREG mapping for distributed EPDCCH has not been finalized, the RE mapping used for localized EPDCCH is also applicable for distributed EPDCCH.

Proposal: Use either frequency first or time first sequential modulated symbol to RE mapping on the REs allocated for EPDCCH transmission to solve the AL ambiguity and starting ECCE index ambiguity issue.
4 Conclusion

This contribution discussed both aggregation level ambiguity and the starting ECCE index ambiguity issue for EPDCCH. The impact of aggregation level ambiguity on PDSCH seems to be severe for EPCCH scheduled PDSCH; the starting ECCE index ambiguity of EPDCCH is not easy to solve with Rel.8 zero padding schemes. The simplest way to solve the ambiguity issue is to reuse the symbol to RE mapping schemes used for other channel such as PDSCH: 
Proposal: Use either frequency first or time first sequential modulated symbol to REs mapping in the REs allocated for EPDCCH transmission to solve both the AL ambiguity and starting ECCE index ambiguity issue simultaneously.
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6 Appendix

Table 1 LLS Simulation Assumptions
	Parameter
	Value

	System bandwidth
	10MHz

	Channel model 
	ETU 70Hz, 4x2

	TM for PDSCH
	TM9

	MCS for PDSCH
	64QAM

	DCI Payload size
	26 bits

	EPDCCH type
	Localized

	EPDCCH AL
	4

	RS
	2CRS ports/ 4CSI-RS ports/ DMRS port 7 for EPDCCH

	Receiver
	MMSE

	Channel estimation 
	Realistic


Table 2 Ambiguous sizes of information bits for lowest ECCE index ambiguity (Note: ambiguous sizes of information bits for lowest CCE index ambiguity in Rel.8 are not included in the table)
	ECCE size
	Payload size

	11
	17,28,50

	12
	28,36,48

	13
	23,36

	15
	19,29,34,39,49,54

	16
	48

	17
	18,35,52

	18
	17,23,28,36,38,50

	19
	22,41

	21
	19,33,47,54

	22
	17,28,50

	23
	30,53

	24
	28,36,48

	25
	34

	26
	23,36

	27
	17,23,29,38,47,50

	28
	19

	29
	13,42

	30
	19,28,29,34,36,39,49,54

	31
	15,46

	32
	48

	33
	17,28,39,50 

	34
	18,35,52

	35
	19,34,54
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