
3GPP TSG RAN WG1 Meeting #81
                                                             R1-152557
Fukuoka, Japan, 25th - 29th May 2015
Source:
CATT

Title:
Detailed design of M-PDCCH
Agenda Item:
6.2.1.2
Document for:
Discussion and Decision

1 Introduction
The following agreements were made in RAN1#80bis on the physical downlink control channel for Rel-13 LC/CE UEs.

Agreement:
· In a subframe, a maximum aggregation level equivalent of L=24 ECCE is introduced for LC/CE UEs
Agreements:
· Confirm the working assumptions:                                          
· Rel-11 EPDCCH is a starting point for design of a physical downlink control channel for MTC at least for MTC UEs in coverage enhancement
· For Rel-13 low complexity UEs in enhanced coverage, the demodulation of the physical downlink control channel for MTC is based on at least DMRS
· Rel-11 EPDCCH is a starting point for design of the physical downlink control channel for MTC UEs in normal coverage
· The demodulation of the physical downlink control channel for MTC is based on at least DMRS for MTC UEs in normal coverage
· 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
Note: RAN1 currently uses following terminology for DL physical control channel for Rel-13 MTC UEs with the same meaning, and RAN1 asks spec editors to take care it later

· physical downlink control channel for MTC

· M-PDCCH

Agreements:
· 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

· The following earlier RAN1 agreements are not affected by the above FFS.

· For Rel-13 low complexity UEs in enhanced coverage and at least unicast channel at least for system BW>1.4MHz

· 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

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

· 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 further discuss the design of physical downlink control channel for Rel-13 LC/CE UEs.
2 Discussion

It has been agreed that Rel-11 EPDCCH is a starting point for design of the physical downlink control channel for both MTC UEs in normal coverage and in enhanced coverage. Rel-11 EPDCCH supports both localized and distributed transmissions. When accurate CSI feedback can be acquired by the eNB, beamforming can be used for localized transmission to improve the transmission performance of M-PDCCH. Furthermore, when the MTC traffic is light, localized transmission is beneficial to reduce the total overhead and the unused PRBs can be shared with other normal UEs. Therefore, from the aspect of spectral efficiency, localized transmission shall be supported at least for low complexity MTC UEs in normal coverage. For distributed transmission, since only maximum 6 continuous PRBs can be used, the frequency diversity gain may be less obvious than large bandwidth. However, for MTC UEs without accurate CSI feedback, e.g., UEs in enhanced coverage and UEs receiving broadcast messages, random beamforming can be adopted with distributed transmission to provide robust decoding performance. Furthermore, distributed transmission itself can improve anti-interference performance for M-PDCCH. Therefore, we propose for M-PDCCH, both localized and distributed transmissions shall be supported.

Proposal 1:  For M-PDCCH, both localized and distributed transmissions shall be supported.
It has been agreed a maximum aggregation level equivalent of 24 ECCEs is introduced for LC/CE UEs. The most straightforward approach is to introduce PRB set size of 6. Therefore, we propose that PRB set size of 6 shall be introduced for M-PDCCH. 

Proposal 2: PRB set size of 6 shall be introduced for M-PDCCH.
When M-PDCCH is repeated, it is preferred that one M-PDCCH containing one DCI is only allowed to be mapped to fully occupy available REs in 6 PRB pairs from UE power consumption, UE decoding complexity and eNB scheduling complexity perspectives as analyzed in our contribution [1]. When M-PDCCH is not repeated, multiple aggregation levels shall be monitored. Therefore, for the combination of aggregation levels and number of repetition that an MTC UE shall monitor, we propose when  number of repetition is larger than 1, the aggregation level shall be 24. Otherwise, multiple aggregation levels (aggregation levels such as 1/2/4/8/16/24) can be monitored.

Proposal 3: When M-PDCCH is repeated in multiple subframes, the monitored aggregation level shall be 24. Otherwise, multiple aggregation levels (aggregation levels such as 1/2/4/8/16/24) can be monitored.
Cross-subframe channel estimation can improve the EPDCCH decoding performance for UEs in enhanced coverage. Therefore, it has been proposed as a working assumption that same precoding matrix is assumed per antenna port and at least one PRB for at least X subframes to facilitate cross-subframe channel estimation. Furthermore, as illustrated in [2][3], PRBs bundled channel estimation by using same precoding matrix across multiple PRBs in each subframe can also bring in obvious performance gain. Therefore we propose the working assumption that same precoding matrix is assumed per antenna port and at least one PRB for at least X subframes shall be confirmed and PRBs bundled channel estimation by using same precoding matrix across multiple PRBs in each subframe shall be supported.   
Proposal 4: The working assumption that same precoding matrix is assumed per antenna port and at least one PRB for at least X subframes shall be confirmed and PRBs bundled channel estimation by using same precoding matrix across multiple PRBs in each subframe shall be supported.
3 Conclusions

Based on the analysis on physical downlink control channel for Rel-13 low complexity UEs, we have the following proposals.
Proposal 1:  For M-PDCCH, both localized and distributed transmissions shall be supported.
Proposal 2: PRB set size of 6 shall be introduced for M-PDCCH.
Proposal 3: When M-PDCCH is repeated in multiple subframes, the monitored aggregation level shall be 24. Otherwise, multiple aggregation levels (aggregation levels such as 1/2/4/8/16/24) can be monitored.
Proposal 4: The working assumption that same precoding matrix is assumed per antenna port and at least one PRB for at least X subframes shall be confirmed and PRBs bundled channel estimation by using same precoding matrix across multiple PRBs in each subframe shall be supported.
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