3GPP TSG RAN WG1 Meeting #81

R1-153244
Fukuoka, Japan, 25th – 29th May 2015
Agenda item:
6.2.1.2
Source:
InterDigital

Title:
M-PDCCH for MTC UE
Document for:

Discussion/Decision
1
Introduction
In RAN1 #80bis, the followings have been agreed as a progress for the physical downlink control channel for MTC [1]:
Agreements:
· For the physical downlink control channel repetition for Rel-13 low-complexity MTC UEs in enhanced coverage, the following techniques are supported

· In order to allow cross-subframe channel estimation, location of a PRB-set for physical downlink control channel for MTC is the same during at least X subframes

· X value and indication are FFS

· This does not preclude dis-continuous transmission for the physical downlink control channel for MTC

· Working assumption: Same precoding matrix is assumed per antenna port and at least one PRB for at least X subframes

· Frequency hopping is supported over the system BW

· If/when frequency hopping is applied, frequency location is switched according to a pattern every Y consecutive subframes, where Y is equal to or larger than X, assuming re-tuning time is included in Y

· Configurability of X, Y, and frequency hopping is FFS

· Multiple ECCE aggregation levels and multiple numbers of repetitions are defined in specification for ‘Physical downlink control channel for MTC’

· A set of possible combinations of {ECCE aggregation level, number of repetition} is defined in the spec

· FFS: what combinations of ECCE aggregation levels and numbers of repetitions to support

· FFS: how to define starting ECCE indices

· A subset of the above set of combinations can be semi-statically configured for constructing a UE-specific search space for ‘Physical downlink control channel for MTC’ by higher-layer signaling

· If configured by higher-layer signaling, it is FFS whether signaling is implicit or explicit.

· Parameters defining an ‘Physical downlink control channel for MTC’ blind decoding candidate in a UE-specific search space (USS) include at least an ECCE aggregation level and a number of repetitions

· FFS: Other signaling mechanisms and parameters in addition to above set of combinations for constructing UE specific search space

In this contribution, we will discuss on the remaining issues for further progress on the physical downlink control channel design for MTC.
2
M-PDCCH USS
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. Furthemore, 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 achive 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 EPDCCH.

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 within an EREG for distributed EPDCCH while an ECCE is mapped onto a single antenna port for located EPDCCH case. Since the number of antenna port is limited and different random precoder may be used per ECCE, the spatial diversity gain may be also same 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 ECCEs for located EPDCCH.

Given that larger aggregation 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 1 and 2. Therefore, at least for enhanced coverage, the localized EPDCCH is only supported to reduce the UE implementation complexity and the test cases. 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, AL=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 EREG and ECCE definition. Furthermore, the additional specification impact for M-PDCCH candidate definition with AL=24 is anyhow required for any options to introduce equivalent AL=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 
The M-PDCCH candidate can be defined as a set of ECCE aggeragation level and number of repetitions and its coverage level may be determined by the total number of ECCE aggregation levels. There are still options how to define the M-PDCCH candidate, for example option-1) the same ECCE aggregation level is used within the number of repetitions and option-2) a different ECCE aggregation levels are used within the number of reptitions, where both options may result in the same coverage if the total ECCE aggregation levels are the same for both options in a given number of repetitions.
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Figure 1. The blocking probability of option-1 and option-2 with total aggeragtion level 40 and 80 ECCEs

The figure 1 shows the performance of two options where the blocking probability of normal coverage MTC UE are shown in the case that the time/frequency resources are shared for normal and enhanced coverage UEs. As seen in the figure, the option-2 provide a worse blocking probability since its larger aggregation levels within a subset of subframe may increase the blocking rate for the normal coverage MTC UEs in a subset of subframes. From this observation, it is recommended that the same ECCE aggregation levels are used within the number of repetitions.

Proposal-4: the same aggregation level is used with repetitions for an M-PDCCH candidate 
3
Conclusion
In this contribution, we discussed on M-PDCCH for normal and enhanced coverage and evaluated options for M-PDCCH candidate definition. From the discussions and observations, we propose followings: 
Proposal-1: localized EPDCCH is only used for M-PDCCH for enhanced coverage while 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 
Proposal-4: the same aggregation level is used with repetitions for an M-PDCCH candidate
References

[1] RAN1 #80bis chairman’s note.
Annex
Table 1. simulation assumptions
	System Bandwidth
	10MHz

	Antenna configuration
	2x2

	Channel models
	UMa

	Velocity [km/h]
	3

	Codebook for PMI reporting
	Rel-8

	Chanel estimation
	Ideal

	HomoNet deployment
	57 cells

	PDCCH/ePDCCH scheduling
	Random

	EPDCCH configuration
	4 PRB pairs (16 eCCEs)

	Number of UE and distribution
	16 UEs/cell, uniform distribution

	Coverage limited UEs details
	1 UE with a single ePDCCH candidate scheduled every subframe

(AL, rep window)  

40 eCCEs case– Option 1: (4, 10), Option 2: ({2,4,8}, {4,4,2})

80 eCCEs case – Option 1: (8,10), Option 2: ({4,8,16}, {4,4,2})

	Normal coverage MTC UEs
	BD candidates – {8, 4, 2, 1} for AL {1, 2, 4, 8}

	Drops, TTIs
	2 drops and 5000TTIs per drop

	Aggregation level [# of eCCE/ CCE] - distribution
	{1, 2, 4, 8} – {60%,20%,15%,5%}


