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1 Introduction

In RAN#65, a WI on a new UE for MTC operation [1] has been approved. According to the WID, three aspects for a new MTC UE are specified, a new low complexity UE category/type, coverage enhancement for a new UE category/type and other delay-tolerant MTC UEs, and power consumption reduction for the UE category/type.

In RAN1#80, regarding on RE mapping of physical downlink control channel for Rel-13 MTC UEs, some agreements were made as follows [2],

	Agreements:
· For Rel-13 low complexity UEs in enhanced coverage and at least unicast channel at least for system BW>1.4MHz
· Confirm the working assumption: For enhanced coverage UEs, one ‘Physical downlink control channel for MTC’ containing one DCI is allowed to be mapped to fully occupy available REs in 6 PRB pairs


Also, in RAN1#80bis, regarding physical downlink control channel for Rel-13 MTC UEs, following agreement was made [3],

	Agreement:
· In a subframe, a maximum aggregation level equivalent of L=24 ECCE is introduced for LC/CE UEs


In RAN1#81, regarding on precoder of M-PDCCH, some agreements were made as follows [4],

	Agreement:

· Within subframes for M-PDCCH transmission for UEs operating coverage enhancements, 
· Confirm working assumption with the following revised proposal
· The UE may assume the same precoder per antenna port applies at least on the same PRB for at least X subframes.
· FFS: The UE may assume the same precoder per antenna port applies on a PRG for at least X subframes.
· FFS: Details on PRG size
· Companies are encouraged to evaluate potential performance benefits due to PRG, especially comparing with precoding diversity. Impact due to frequency offsets can also be considered


In this contribution, we discuss about M-PDCCH resource mapping and transmission schemes for Rel-13 low-complexity UEs.
2 Resource mapping of M-PDCCH
To utilize the maximum usable resource for M-PDCCH transmission within a narrowband, it was agreed that one DCI is allowed to be mapped to fully occupy available REs (i.e., aggregation level (AL) equivalent of L=24 ECCE) is introduced for LC/CE UEs [2][3].
Regarding on M-PDCCH transmission with 24 AL, we discuss about three candidate solutions on the table. 
· Option A: Using two M-PDCCH PRB-sets to support 24 AL
· Option B: Supporting M-PDCCH PRB-set with 6 PRBs by localized transmission only

· Option C: Supporting M-PDCCH PRB-set with 6 PRBs by localized and distributed transmission
For the first option (Option A), a decoding candidate with 24 AL is mapped over two M-PDCCH PRB-sets with PRB size 2 and 4. To support 24 AL, two M-PDCCH PRB-sets with 2 PRBs and 4 PRBs should be configured, and decoding candidates with lower ALs can be mapped into each PRB-set. To support this option, there should be some restrictions which can restrict eNodeB scheduling flexibility. For example, 2 PRB-sets should be configured always, so a UE has to monitor two PRB-sets always. Also, these two PRB-sets should have same transmission type (e.g., localized transmission or distributed transmission), so eNodeB cannot choose M-PDCCH transmission type dynamically. In our perspective, this option can not only restrict scheduling flexibility, but also cause high specification impact.
In Option B, 24 AL is supported by localized transmission only. In other words, distributed transmission cannot support 24 AL, so distributed transmission cannot be configured only for M-PDCCH PRB-sets with 6 PRBs. Therefore, to support M-PDCCH with 24 AL, a 6 PRBs M-PDCCH PRB-set with localized transmission should be configured. In this case, legacy M-PDCCH to RE mapping equation can be applied without modification. 
To provide full scheduling flexibility to eNodeB, M-PDCCH PRB-set with 6 PRBs can be supported to localized and distributed transmission both. To support 24 AL, one or two M-PDCCH PRB-set(s) with 6 PRBs can be configured, and an M-PDCCH PRB-set can have localized transmission or distributed transmission. To support distributed transmission for 6 PRBs M-PDCCH PRB-set, M-PDCCH RE mapping should be specified.

When we compare above three options in terms of design commonality and scheduling flexibility, Option C seems appropriate to support 24 AL for M-PDCCH.
Proposal 1: M-PDCCH with 24 AL is supported in M-PDCCH PRB-set with 6 PRBs for localized and distributed transmission.
To compose an M-PDCCH using EREG resources in 6 PRBs narrowband, the ECCE to EREG mapping formula can be modified. In current specification, ECCE number n consists of EREGs numbered [image: image2.png]|n/NZ™| + jNESCE
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. For 6 PRBs M-PDCCH set, [image: image6.png]5m [\ EREG
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 becomes 6/4 when ECCE consists of 4 EREGs, and it causes invalid PRB indices. One option to solve this problem is change [image: image8.png]5m [\ EREG
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. Compared to the first approach, this approach can cause uneven distribution of REs composing an M-PDCCH set.
Proposal 2: For distributed M-PDCCH mapping in 6 PRBs, the ECCE to EREG mapping formula can be modified as follow,
· ECCE number n consists of EREGs numbered [image: image12.png]|n/NZ™| + jNESCE



 in PRB indices [image: image14.png](n + jmax(1, [N/ NEEES]) modN T




3 CFI signaling

In RAN1#80, it was agreed that CFI value for "Physical downlink control channel for MTC" and other PDSCH transmission is broadcast via MTC SIB1, unless MIB is agreed to indicate starting OFDM symbol for low-complexity UEs in coverage-enhancement.

According to this agreement, dynamic CFI value change is unable for MTC UEs. Then, resource waste could be occurred when CFI value indicated by PCFICH for non-MTC UEs is smaller than CFI value indicated by MTC SIB1 for MTC UEs. For efficient resource utilization, more flexible CFI value indication than MTC-SIB1 indication would be useful at least for MTC UEs not in enhanced coverage. For example, in addition to SIB1 configuration, CFI indication via RRC signalling for normal coverage UE can be considered. In this approach, a UE assumes CFI value is acquired from MTC-SIB1 before receiving RRC signalling, and CFI value would be re-configured by RRC signalling. Dynamic CFI indication using DCI also can be considered. In this instance, each downlink grant can indicate starting OFDM symbol location for scheduled PDSCH reception.

Proposal 3: More dynamic (re-)configuration of CFI in addition to MTC-SIB1 configuration is considered for MTC UEs in normal coverage.

4 PRB bundling of M-PDCCH
In RAN1#81, it was discussed whether PRB bundling would be beneficial for M-PDCCH or not. In this section, the effect of PRB bundling of M-PDCCH is discussed, and evaluation result of M-PDCCH PRB bundling is provided.
Table 1 shows the evaluation result of PRB bundling of M-PDCCH for EPA 1Hz and ETU 1Hz channel environment. In this simulation, 6 PRBs M-PDCCH PRB-set size is assumed. For M-PDCCH transmission, precoding matrix is randomly selected but same precoding matrix is applied per antenna port on a PRG for X subframes where X is the number of subframes for cross-subframe channel estimation. Then, for various aggregation levels, the required repetition number to acquire 10dB/15dB coverage enhancement is obtained when PRB bundling is applied. Detailed evaluation assumptions are provided in Table 2 in Annex.
Table 1. Evaluation result of PRB bundling of M-PDCCH

	Aggregation level
	PRG size
	EPA 1Hz
	ETU 1Hz

	
	
	10dB enhancement
	15dB enhancement
	10dB enhancement
	15dB enhancement

	24 AL
	1 PRB
	18
	76
	11
	59

	
	2 PRBs
	14
	49
	11
	55

	
	3 PRBs
	13
	45
	12
	55

	
	6 PRBs
	11
	35
	15
	56

	16 AL
	1 PRB
	23
	108
	15
	84

	
	2 PRBs
	18
	69
	16
	76

	
	3 PRBs
	17
	64
	17
	76

	
	6 PRBs
	16
	50 
	19
	76

	8 AL
	1 PRB
	35
	176
	27
	144

	
	2 PRBs
	26
	116
	27
	128

	
	3 PRBs
	26
	108
	28
	132

	
	6 PRBs
	22
	83
	32
	132

	4 AL
	1 PRB
	60
	270
	49
	248

	
	2 PRBs
	43
	198
	49
	222

	
	3 PRBs
	40
	180
	51
	220

	
	6 PRBs
	34
	138
	55
	214


According to the evaluation result in Table 1, in EPA 1Hz channel environment, PRB bundling acquires a huge performance gain for 10dB and 15 dB coverage enhancement. The required repetition number is reduced about 48~54% for 15dB coverage enhancement and 30~43% for 10dB coverage enhancement when PRB bundling with PRG size 6 is applied. PRG size of 2 PRBs also provide high repetition gain about 27~36% for 15dB coverage enhancement and 22~28% for 10 dB coverage enhancement. On the other hand, since channel status varies within 6 PRBs in ETU channel, there was not meaningful performance gain in ETU 1Hz channel environment. 
Since PRB bundling can achieve enough benefits depending on channel environment, we propose to support PRB bundling to M-PDCCH transmission when medium/high coverage enhancement is required. When we consider performance gain of PRB bundling and scheduling flexibility together, PRG size can be fixed to 2.
Proposal 4: The UE may assume the same precoder per antenna port applies on a PRG for at least X subframes in medium/high coverage enhancement. The size of PRG can be fixed to 2.
5 Conclusion 

In this contribution, M-PDCCH resource mapping and PRB bundling for Rel-13 low-complexity UEs. Based on the discussion, we obtained following proposals.
Proposal 1: M-PDCCH with 24 AL is supported in M-PDCCH PRB-set with 6 PRBs for localized and distributed transmission.

Proposal 2: For distributed M-PDCCH mapping in 6 PRBs, the ECCE to EREG mapping formula can be modified as follow,
· ECCE number n consists of EREGs numbered [image: image16.png]|n/NZ™| + jNESCE



 in PRB indices [image: image18.png](n + jmax(1, [N/ NEEES]) modN T




Proposal 3: More dynamic (re-)configuration of CFI in addition to MTC-SIB1 configuration is considered for MTC UEs in normal coverage.

Proposal 4: The UE may assume the same precoder per antenna port applies on a PRG for at least X subframes in medium/high coverage enhancement. The size of PRG can be fixed to 2.
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Annex
Table 2. Evaluation assumptions for M-PDCCH PRB bundling

	Parameter
	value

	System bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Antenna configuration
	2x1, low correlation

	Channel model, Doppler spread
	EPA 1Hz, ETU 1Hz

	M-PDCCH PRB-set size
	6 PRBs

	Aggregation levels
	4, 8, 16, and 24

	Transmission type
	Distributed transmission

	PRG size
	1, 2, 3, and 6

	Frequency tracking error
	100 Hz

	Frequency hopping
	ON

	Cross-subframe channel estimation
	ON

	Performance target
	1% BLER
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