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Discussion/Decision
1
Introduction
It has been agreed that the M-PDCCH can be transmitted over 6 PRB at least in the enhanced coverage mode of operation in order to allow a larger ECCE aggregation level within 6 PRBs which may reduce the required number of repetitions. However, it is still FFS which mode of operation should be supported as following conclusion has been made in RAN1 #81 [1].

Conclusion:

· FFS whether localized or distributed or both needs to be supported for M-PDCCH

· To cover all possible aggregation levels

· FFS how to construct L=24 ECCEs

In this contribution, we will further discuss on the required mode of operation for M-PDCCH and evaluate the performance of localized and distributed M-PDCCH in limited bandwidth 6PRBs .

2
Localized vs. Distributed M-PDCCH
It has been agreed that the Rel-11 EPDCCH is a starting point of the downlink control channel for MTC UE (e.g. M-PDCCH) for both normal and enhanced coverage cases. The Rel-11 EPDCCH has been designed based on the DM-RS and the minimum resource EREGs are defined within a PRB-pair, therefore the resource set definition for EPDCCH is flexible in terms of the number PRBs at least for the EREG definition. Furthermore, an ECCE forms by grouping a number of EREGs within a PRB for localized EPDCCH case. Therefore, the EREG definition is also flexible for the number of PRBs used within an EPDCCH resource set at least for the localized EPDCCH case.

The main differences between localized EPDCCH and distributed EPDCCH are the ECCE-to-EREG mapping and the antenna port association. For example, an ECCE for a localized EPDCCH groups four EREGs within a same PRB-pair while an ECCE for a distributed EPDCCH groups four EREGs in a different PRBs to achieve frequency diversity gain. However, if the ECCE aggregation level is relatively large and the EPDCCH PRBs are within a reduced bandwidth which is the case for M-PDCCH, there will be no difference in terms of the frequency diversity gain between localized and distributed M-PDCCH.

Observation-1: frequency diversity gain could be the same for both localized and distributed EPDCCH within the reduced bandwidth in case that the ECCE aggregation level is relatively large. 

The antenna port mapping is also different between localized and distributed EPDCCH, where two antenna ports are switched within an EREG to increase random precoding gain for the distributed EPDCCH while a single antenna port is mapped on to all ECCEs used for a UE in the case of the located EPDCCH. Since the number of antenna port is limited within a PRB-pair a random precoder may be used over PRB-pairs. Therefore, the spatial diversity gain may be also similar for localized and distributed EPDCCH in case that larger aggregation level is used.

Observation-2: the spatial diversity gain of localized EPDCCH and distributed EPDCCH may be similar in a larger aggregation level since precoder cycling may be used across PRBs for the localized EPDCCH.

Since the number of antenna port associated is different between localized and distributed EPDCCH, the reference signal power may be different assuming the same total transmission power is used. For example, the localized EPDCCH uses only one antenna port for a UE and if only one UE is scheduled within a PRB-pair, the reference signal power can be 3dB boosted by using the unused power of a DM-RS CDM group. Note that only one DM-RS CDM group is used for localized transmission within a PRB if a single UE is scheduled and the RE location of the other DM-RS CDM group is muted. On the other hand, the distributed EPDCCH always uses two DM-RS CDM groups (e.g. antenna port 7/9), therefore power boosting is not applicable even though a single UE is scheduled within a PRB-pair.
Observation-3: the reference signal power of localized EPDCCH is 3dB higher than that of distributed EPDCCH.

The figure 1 shows the performance of localized and distributed M-PDCCH using 6PRBs without repetition according to the aggregation levels and channels. As seen in the figure, localized M-PDCCH performs better than the distributed M-PDCCH always with the aggregation level 24 (L=24) since the same frequency diversity gain is achieved for both localized and distributed M-PDCCH while the reference signal power is 3dB higher for the localized M-PDCCH. The localized M-PDCCH performs still better with lower aggregation level if the channel is a non-frequency selective (i.e. EPA) since the frequency diversity gain is anyhow limited within consecutive 6PRBs in a frequency flat channel. In a highly frequency selective channel (i.e. ETU), the distributed M-PDCCH with lower aggregation level obtains a higher frequency diversity gain but no meaningful performance difference observed at 1% BLER. 
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Figure 1. BLER performance of distributed and localized M-PDCCH according to the channel (Rep.=1)
The figure 2 shows the performance of localized and distributed M-PDCCH using 6PRBs with repetitions (R=4) according to the aggregation levels and channels. As seen in the figure, the performance of localized M-PDCCH is better than that of distributed M-PDCCH irrespective of the aggregation levels in non-frequency selective channel. Also, no meaningful different is observed with smaller aggregation level in frequency selective channel.
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Figure 2. BLER performance of distributed and localized M-PDCCH according to the channel (Rep.=4)
Observation-4: localized M-PDCCH performs always better than distributed M-PDCCH in non-frequency selective channel due to higher reference signal power and same frequency diversity gain.

Observation-5: localized M-PDCCH performs better than distributed M-PDCCH with the highest aggregation level in a highly frequency selective channel and no meaningful performance difference in a lower aggregation level.
Given that higher aggregation levels will be mainly used for M-PDCCH in enhanced coverage cases together with repetitions, there seems to be no benefit from using distributed EPDCCH based on the observations. Therefore, at least for enhanced coverage, the localized EPDCCH is only supported to reduce the UE implementation complexity, the test cases as well as specification impact. However, for the normal coverage cases, since the same aggregation level sets as in EPDCCH may be reused for normal coverage MTC UE with repetition number =1, it may be beneficial to support both localized and distributed EPDCCH.

Proposal-1: localized EPDCCH is only used for M-PDCCH for enhanced coverage and support both localized and distributed EPDDCH for M-PDCCH for normal coverage. 
It has been agreed to support 6 PRB based M-PDCCH definition in order to fully utilize the resources within the reduced BW and minimize the number of repetitions. Therefore, the aggregation level L=24 needs to be introduced to allow one DCI over all 6 PRBs configured for M-PDCCH. Considering that the 6 PRB based M-PDCCH resource set is introduced to reduce the number of repetitions, this may be supported only for enhanced coverage cases.

Proposal-2: 6 PRB based M-PDCCH is only supported for enhanced coverage mode
Assuming that the 6 PRB based M-PDCCH is only used for enhanced coverage mode of operation, the localized EPDCCH only needs to be supported for 6 PRB based M-PDCCH resource set. Since the EREG and ECCE are all defined within each PRB-pair for localized EPDCCH, the localized M-PDCCH resource set with 6 PRBs can be defined without any additional specification impact in terms of ECCE-to-EREG mapping definition. Furthermore, the additional specification impact for M-PDCCH candidate definition with L=24 is anyhow required for any options to introduce equivalent L=24. Therefore, the specification impact of adding 6 PRB-based localized M-PDCCH resource set seems to be reasonable. 
Proposal-3: an M-PDCCH resource set for 6 PRBs are introduced 
3
Conclusion
In this contribution, we discussed on the required mode of operation of M-PDCCH for normal and enhanced coverage and evaluated link level performance of localized and distributed M-PDCCH with 6 PRB configured resource. From the discussions and observations, we propose followings: 
Proposal-1: localized EPDCCH is only used for M-PDCCH for enhanced coverage and support both localized and distributed EPDDCH for M-PDCCH for normal coverage. 
Proposal-2: 6 PRB based M-PDCCH is only supported for enhanced coverage mode

Proposal-3: an M-PDCCH resource set for 6 PRBs are introduced 
References

[1] RAN1 #81 chairman’s note.
Annex
Table 1. Simulation Assumptions

	Parameter
	Setting

	MTC bandwidth
	5 MHz 

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz

	Channel model
	EPA, ETU

	Number of receive antennas
	1

	Number of transmit antennas
	2

	Antenna correlation
	low

	Channel estimation within a subframe
	2D Wiener Filter

	Channel estimation across subframes
	OFF

	Number of CRS ports
	2

	Control channel
	Localized and Distributed E-PDCCH

	DCI Payload size (incl. 16bit CRC)
	37 bits

	PRB bundling for EPDCCH
	OFF

	Channel speed
	1Hz

	Performance target
	1% BLER

	Number of PDCCH symbols
	1

	Aggregation level
	24 ECCEs

	Number of PRBs for EPDCCH Set
	6

	Frequency hopping of EPDCCH subband
	Off

	Precoder for EPDCCH
	Random


