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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 physical downlink control channel for a new low-complexity MTC UE, some agreements and working assumptions were made as follows [2],

	Agreements:
· For UEs in enhanced coverage:
· Repetition across multiple subframes is supported for the ‘Physical downlink control channel for MTC’

· Multiple repetition levels in time domain are supported

· For Rel-13 low complexity MTC UEs:
· At least for unicast PDSCH transmission scheduled by ‘Physical downlink control channel for MTC’, cross-subframe scheduling is supported for normal coverage

Agreements:
· For Rel-13 low complexity UEs in enhanced coverage at least for system BW>1.4MHz

· No multiplexing within a PRB pair of the physical downlink control channel for MTC UEs and PDSCH for MTC UEs 

· Working assumption: The demodulation of the physical downlink control channel for MTC is based on at least DMRS

· 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

Agreements:
· Confirm the following Rel-12 agreements for Rel-13 MTC UEs in enhanced coverage

· For UE-specific search space, from the UE perspective, the possible starting sub-frames of physical downlink control channel for MTC repetitions are limited to a subset of subframes.

· If/When PDSCH is indicated via physical downlink control channel for MTC:
· The relation of PDSCH timing to physical downlink control channel for MTC timing shall be known to UE.
· Assigned PDSCH is transmitted not before end of physical downlink control channel for MTC, i.e., if subframe n is the last physical downlink control channel for MTC repetition then PDSCH start n + k (k > 0).
· Working assumption: Rel-11 EPDCCH is a starting point for design of physical downlink control channel for MTC at least for MTC UEs in coverage enhancement.


In this contribution, we provide evaluation results for various transmission schemes for ‘Physical downlink control channel for MTC’ in normal coverage and enhanced coverage. Based on evaluation results, we discuss appropriate solutions for transmission of physical downlink control channel for MTC UEs.
2 Physical downlink control channel transmission for normal coverage MTC UEs
In this section, we evaluated the performance between three transmission schemes (localized, distributed, and SFBC transmission) for ‘Physical downlink control channel for MTC’. Details on each transmission schemes for evaluation are as follows,
· Localized transmission: It is equal to localized transmission for Rel-11 EPDCCH. ‘Physical downlink control channel for MTC’ is transmitted using one antenna port among {107, 108, 109, 110} and DMRS is used as a reference signal. Precoding matrix determination might be based on UE CSI feedback. EREGs composing an ECCE are located adjacently. ‘Physical downlink control channel for MTC’ is transmitted by a candidate (randomly selected) among multiple candidates.
· Distributed transmission: It is equal to distributed transmission for Rel-11 EPDCCH. ‘Physical downlink control channel for MTC’ is transmitted using two antenna ports, 107 and 109, and DMRS is used as a reference signal. To acquire diversity gain, EREGs composing an ECCE are located apart within an EPDCCH-PRB-set, and random beamforming is used for each antenna port and PRB. ‘Physical downlink control channel for MTC’ is transmitted by a candidate (randomly selected) among multiple candidates.
· SFBC transmission: CCE to RE mapping and transmission scheme are based on legacy PDCCH. But OFDM symbols for PDCCH monitoring are from OFDM symbol #3 to OFDM symbol #13 when OFDM symbol #0 and #1 are used to legacy PDCCH transmission. ‘Physical downlink control channel for MTC’ is transmitted by a candidate (randomly selected) among multiple candidates.
Detailed simulation environments are provided in Table 1 in Annex.
· Case 1: Normal subframe, No CSI-RS transmission

Performances of above three transmission schemes are obtained in normal downlink subframe. In this case, only CRS and DMRS are transmitted for localized and distributed transmission, and only CRS is transmitted for SFBC transmission. 
Figure 1 shows the performance of each transmission schemes for aggregation level 2, 4, and 8. According to this evaluation result, localized transmission outperforms other two transmission schemes since it reflects channel status to transmit ‘Physical downlink control channel for MTC’. SFBC transmission shows performance gain about 1~2 dB compared to distributed transmission. One reason for this performance gap is that REs in legacy PDCCH region and CRS transmission also compose a decoding candidate for distributed (and localized) transmission, so the amount of REs used to transmit ‘Physical downlink control channel for MTC’ for distributed transmission is fewer than the amount of resources in case of SFBC transmission even if same aggregation level is assumed. However, this performance gap is not significant, and higher aggregation levels (e.g. aggregation level 16, 32) can be used in case of localized and distributed transmission.
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Figure 1. Performance of localized, distributed and SFBC performance in Case 1
· Case 2: MBSFN subframe, No CSI-RS transmission

In this case, performances of localized, distributed and SFBC transmission schemes are compared in MBSFN subframe. In this case, only DMRS are transmitted for localized and distributed transmission, and only CRS is transmitted for SFBC transmission. 
As shown in Figure 2, performances of localized and distributed transmission are improved about 0.2 dB compared to normal subframe case, since REs for CRS transmission can be used to transmit ‘Physical downlink control channel for MTC’. Therefore, performance gap between localized and SFBC transmission is increased, whereas performance gap between SFBC and distributed transmission is reduced. Especially performance gap between SFBC and distributed transmission in case of aggregation 8 is less than 0.8dB.
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Figure 2. Performance of localized, distributed and SFBC performance in Case 2
· Case 3: Normal subframe, CSI-RS transmission

For Case 3, the simulation results would be similar to Case 1 if REG(s) which are overlapped with CSI-RS RE(s) are skipped and the number of OFDM symbols usable for SFBC transmission is sufficiently large. Though, utilizing SFBC transmission in case of CSI-RS and DM-RS may have the following issues. 

· If SFBC transmission collides with DM-RS, since SFBC transmission may not be UE-specific, rate matching around DM-RS is not straightforward. Thus, SFBC transmission may not be used with DM-RS based TM. 
· If REG(s) which are overlapped with CSI-RS RE(s) are skipped from CCE, CCE formation may need to be changed when CSI-RS reconfiguration occurs. This may cause potential issue to a UE which has not been acquired the updated CSI-RS configuration(s). Furthermore, if the small number of OFDM symbols is used for SFBC transmission, it would reduce the number of REs for higher aggregation level CCEs, thus, it may degrade the performance. In other words, this may require more OFDM symbols for SFBC transmission regions and thus possibly reduce the number of available REs for PDSCH. 

Based on the simulation results and discussions related to colliding RS with DM-RS and CSI-RS, we consider that EPDCCH should be also a starting point for normal coverage MTC UEs. 

Proposal 1: Rel-11 EPDCCH is a starting point for design of physical downlink control channel for MTC.
3 Physical downlink control channel transmission for enhanced coverage MTC UEs

3.1 Schemes for coverage enhancement

In the last meeting, it was agreed to working assumption that Rel-11 EPDCCH is a starting point for design of ‘Physical downlink control channel for MTC’ at least for MTC UEs in coverage enhancement [2]. Thus, based on distributed transmission, several considerable schemes for coverage enhancement are evaluated. All available REs in 6 PRBs (i.e., 24 AL) are used to transmit EPDCCH, and detailed simulation environments are provided in Table 2 in Annex.

· Cross-subframe channel estimation
For repetition number 10 and 20, performance gain of cross-subframe channel estimation for ‘Physical downlink control channel for MTC’ transmission is obtained. When subframe number for cross-subframe channel estimation is 4, it was assumed that precoding matrix for each antenna port in a PRB is not changed during 4 subframes. So, the maximum number of subframes for cross-subframe channel estimation is 4. Similarly, for cross-subframe channel estimation with 8 subframes, precoding matrix same precoding matrix during 8 subframes is assumed.
Simulation result for cross-subframe channel estimation is depicted in Figure 3. Even though cross-subframe channel estimation could reduce diversity gain from using different precoding matrix for each subframe, cross-subframe channel estimation can improve performance of distributed transmission.
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Figure 3. Performance of cross-subframe channel estimation
· PRB bundling

PRB bundle size for EPDCCH transmission is 1, so a UE cannot use DMRS in multiple PRBs for channel estimation. However, improved channel estimation performance is required in low-SNR region. Therefore, PRB bundling for EPDCCH can be considered to enhance channel estimation performance.

In Figure 4, performance gains of PRB bundling for bundle size 2 and 6 are obtained. For both cases of repetition number 10 and 20, we can see that PRB bundling can provide large gain compared to PRB bundle size 1. When PRB bundle size is 2, 1 dB performance gain can be achieved. In case of PRB bundle size 6, 1.5~2 dB gain can be acquired. 
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(a) Repetition level 10
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(b) Repetition level 20
Figure 4. Performance of PRB bundling
· Frequency hopping

Another candidate to improve performance of ‘Physical downlink control channel for MTC’ can be frequency hopping. For frequency hopping evaluation, hopping period with 4 and 8 are assumed. Same precoding matrix is assumed for each antenna port in a PRB during 4 subframes, so the maximum number of subframes for cross-subframe channel estimation is 4. In addition, no cross-subframe estimation across frequency hops is assumed.
According to evaluation result in Figure 5, huge amount of performance gain can be achieved using frequency hopping. In case of frequency hopping period is 4 msec, 2.3~3.0 dB performance gain can be achieved compared to no frequency hopping case. Even if 8 msec hopping period is applied, frequency hopping has large amount of performance gain about 1.5~2.3 dB.
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Figure 5. Performance of frequency hopping
Proposal 2: For ‘Physical downlink control channel for MTC’ transmission for Rel-13 low-complexity UE in enhanced coverage, following techniques are supported 

· Cross-subframe channel estimation

· PRB bundling

· Frequency hopping over system bandwidth across subframe
3.2 Effect of CSI measurement for localized transmission

In general, localized transmission provides better performance than distributed performance for MTC UEs in normal coverage, since localized transmission reflects channel status to transmit ‘Physical downlink control channel for MTC’. It means that localized transmission requires CSI feedback from UE. However, for MTC UEs in enhanced coverage, CSI feedback with short frequency and delay is not feasible since transmission of PUCCH or PUSCH could be accomplished using large amount repetitions. To look into the impact of CSI feedback period and delay increasing, performance of localized transmission with various CSI feedback period and delay is evaluation in this section. The evaluation follows the assumptions in Table 2 in Annex. EPDCCH is transmitted using 10 subframes repetitions and cross-subframe channel estimation for 4 subframes (in Section 3.1) is assumed. PRB bundle size is 1 and frequency hopping is not applied.
Performance is localized transmission is degraded with increase of CSI feedback period and delay as shown in Figure 6. When CSI feedback delay and period are 200 msec, performance degradation more than 6 dB is happened. However, in case of 50 msec CSI feedback delay and period, performance of localized transmission is better than performance of distributed transmission. It means that the usefulness of localized transmission would depend on required coverage enhancement level of MTC UEs. Thus, it would be useful if network can configure the type of EPDCCH transmission (localized or distributed) to MTC UEs.
[image: image7.png]BLER

1.00E:00

100E01

100E02

1.00£03

—+— Localized, CS1 period: 5, CS1 delay: 5.
—+— Localized, CS1 period: 50, Cs! delay: 50
—+—Localized, Cs1 period: 100, Cs! delay: 100
——Localized, CS1 period: 200, Cs! delay: 200
—— Distributed transmission




Figure 6. Performance of localized transmission for various CSI feedback period and delay
Proposal 3: The type of EPDCCH transmission (localized or distributed) for MTC UEs can be configured.
4 Conclusion 
In this contribution, we provided evaluation results for various transmission schemes for ‘Physical downlink control channel for MTC’. Based on evaluation results, we obtained following proposals,
Proposal 1: Rel-11 EPDCCH is a starting point for design of physical downlink control channel for MTC.
Proposal 2: For ‘Physical downlink control channel for MTC’ transmission for Rel-13 low-complexity UE in enhanced coverage, following techniques are supported 

· Cross-subframe channel estimation

· PRB bundling

· Frequency hopping over system bandwidth across subframe
Proposal 3: The type of EPDCCH transmission (localized or distributed) for MTC UEs can be configured.
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6 Annex
Table 1. Evaluation assumptions for normal coverage case

	Parameter
	Value

	System bandwidth
	10MHz

	Carrier frequency
	2GHz (FDD)

	Antenna configuration
	2x1, low correlation

	Channel model, Doppler spread
	EPA 1Hz

	DCI size (Including CRC)
	37 bits

	Monitoring resource
	SFBC: all OFDM symbols

Distributed, Localized: 4 PRBs

	Transmission schemes
	SFBC, distributed, localized

	Frequency tracking error
	100Hz

	Legacy PDCCH
	2 OFDM symbols 

	Performance target
	1% BLER


Table 2.Evaluation assumptions for enhanced coverage case
	Parameter
	Value

	System bandwidth
	10MHz

	Carrier frequency
	2GHz (FDD)

	Antenna configuration
	2x1, low correlation

	Channel model, Doppler spread
	EPA 1Hz

	DCI size (Including CRC)
	237 bits 

	Transmission resource
	All available REs in 6 PRBs

	Transmission schemes
	Distributed, Localized

	Frequency tracking error
	100Hz

	Legacy PDCCH
	2 OFDM symbols 

	Performance target
	1% BLER
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