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1 Introduction

Several aspects for the design of UE-specific DL control channels for Rel-13 low cost UEs were discussed in RAN1#80bis and are subsequently further considered. For brevity, a DL control channel for a Rel-13 low cost UE will be referred to as M-PDCCH. This contribution considers the M-PDCCH structure and timelines for M-PDCCH and PDSCH/PUSCH transmissions. Accompanying contributions consider the DCI format design [1] and potential support for a CSS [2].
2 M-PDCCH Transmission Structure
2.1 M-PDCCH Decoding Candidates
The following were agreed in RAN1#80bis.

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
Rel-13 low cost UEs that do not require repetitions for an M-PDCCH transmission can monitor different ECCE aggregation levels for an M-PDCCH transmission similar to legacy UEs. A SINR loss of about ~5+ dB is associated with M-PDCCH transmission to Rel-13 low cost UEs due to absence of Rx antenna diversity and reduced/no frequency diversity. Although details for the DCI format design for Rel-13 low cost UEs have not yet been decided, it is reasonable to expect a DCI format size smaller than the one for DCI Format 0/1A for legacy UEs. The smaller DCI format size can recapture some of the SINR loss, particularly if also combined with CRC length reduction, but the larger portion of the SINR loss will remain. Considering that the SINR difference between an aggregation level of 1 ECCE and an aggregation level of 2 ECCEs is ~3 dB (for small DCI sizes, no significant additional gain is expected due to the lower code rate), it is unnecessary to support an aggregation level of 1 ECCE for Rel-13 low cost UEs. Even though for some of those UEs it can be possible to transmit a DCI format using an aggregation level of 1 ECCE, no meaningful benefit is expected in spectral efficiency particularly since a network can use the lower code rate to reduce the transmission power and boost the transmission power for other channels/signals. The benefits is a reduction in the number of M-PDCCH candidates a UE has to monitor that in turn can provide some complexity reduction and facilitate CRC length reduction.   
Proposal 1: For M-PDCCH transmissions without repetitions, a Rel-13 low cost UE monitors multiple ECCE aggregation levels. Consider not using aggregation level of 1 ECCE.   

For Rel-13 low cost UEs configured to receive an M-PDCCH transmission with repetitions, there is no need for those UEs to monitor any ECCE aggregation level other than the maximum one of 24 ECCEs. This minimizes the maximum number of M-PDCCH decoding operations to be equal to the number of M-PDCCH repetition levels which can be assumed to be in the range of 4. CRC length reduction, in addition to reductions/eliminations of DCI format fields, is then a viable option to meaningfully reduce the DCI format size and minimize a number of M-PDCCH repetitions thereby maximizing spectral efficiency and minimizing UE power consumption with respect to M-PDCCH transmissions. 

To illustrate why supporting aggregation levels other than 24 ECCEs is not needed, and is actually detrimental, consider the case that 16 ECCEs are used to transmit an M-PDCCH with repetitions to a first UE and 8 ECCEs are used to transmit an M-PDCCH with repetitions to a second UE. If N repetitions are required to transmit an M-PDCCH with aggregation level of 24 ECCEs per subframe, 3N/2 repetitions are required to transmit an M-PDCCH with aggregation level of 16 ECCEs per subframe and 3N repetitions are required to transmit an M-PDCCH with aggregation level of 8 ECCEs per subframe. Therefore, compared to the case that an aggregation level of 24 ECCEs is used, the first UE will need to receive M-PDCCH for N/2 more subframes and the second UE will need to receive M-PDCCH for 2N more subframes. Therefore, power consumption for both UEs is increased. Scheduling latency is also increased by N/2 subframes for the first UE and by N subframes for the second UE. Same conclusions apply if a new aggregation level of 12 ECCEs is defined and different 12 ECCEs are used to transmit respective M-PDCCHs to the first UE and to the second UE. The fundamental reason for using all ECCEs in a set of 6 PRBs is because this maximizes the available resources to transmit an M-PDCCH, thereby minimizing latency and UE power consumption. It is the same reason why all 6 PRBs are assumed to be used for a PDSCH transmission with repetitions. 
Proposal 2: For M-PDCCH transmissions with repetitions, a Rel-13 low cost UE monitors a single aggregation level of 24 ECCEs per subframe. 

The transition from supporting M-PDCCH without repetition to supporting M-PDCCH with repetitions is not discontinuous as the SINR observed by UEs is not discontinuous. Considering the SINR loss at 1% BLER due to absence of Rx antenna diversity and due to reduction/absence of frequency diversity, a significant percentage of Rel-13 low cost UEs in a network may or may not be able to receive M-PDCCH without repetitions depending on whether or not power boosting is possible by the network or on whether or not the network needs to boost other channels/signals and power de-boost an M-PDCCH transmission in a subframe. Therefore, it can be beneficial for some UEs to be configured with M-PDCCH candidates for both multiple ECCE aggregation levels without repetitions in multiple subframes, such as 16 ECCEs or 24 ECCEs, and with M-PDCCH candidates for repetitions in multiple subframes, such as 2 or 4 subframes for an aggregation level of 24 ECCEs. It is noted that for such UEs, a maximum number of M-PDCCH decoding candidates can be similar or same as the one for UEs configured with repetitions of an M-PDCCH transmission over multiple subframes. In principle, this operation is a combination of the previous two operations (as summarized in the previous two proposals).
Proposal 3: A Rel-13 low cost UE can be configured to monitor multiple ECCE aggregation levels for an M-PDCCH transmission in one subframe and an aggregation level of 24 ECCEs over one or more numbers of multiple subframes. 

For an M-PDCCH transmission without repetitions in multiple subframes, starting ECCE indexes for M-PDCCH candidates can be defined as for an EPDCCH transmission. For an M-PDCCH transmission with repetitions in multiple subframes, a starting ECCE index can be defined based on a starting subframe [3].
2.2 Construction of 24 ECCEs 
The construction of 24 ECCEs within a set of 6 PRBs was discussed in RAN1#80bis without conclusion. Three alternatives were identified:

a) Re-use of existing specifications. An aggregation level of 24 ECCEs is obtained by accumulation of ECCEs across existing PRB sets.
b) Definition of a new PRB set comprising of 6 PRBs. A new ECCE definition is obtained by revising the existing PRB index formula and a new mapping of EREG indexes to PRB indexes is introduced [4]. 
c) Modified ECCE definition from the existing one for 8 PRBs by removing invalid EREGs defined as the ones mapped outside the group of 6 PRBs [4]. 
Introduction of a new structure in the specification is typically expected to be associated with compelling benefits or offer functionalities that existing specifications do not provide. Such criteria are simply not met in the present case as the existing specifications fully suffice and re-use the principle of aggregating existing resources units (REs, ECCEs, RBs, subframes) to achieve a larger unit in support of repetitions. Introducing a new PRB set is also disadvantageous from an operational perspective. For example, a UE that can be configured with or without M-PDCCH repetitions, such as a UE with SINR in a set of 6 PRBs that can result to an M-PDCCH transmission with or without repetitions depending on an eNB power boosting/de-boosting requirements in a subframe, can be configured to monitor the existing sets of 2 PRBs and 4 PRBs for (EPDCCH-based) M-PDCCH transmission and can also be configured to monitor a candidate with 24 ECCEs or even an M-PDCCH repetition over 24 ECCEs in an additional subframe. The UE needs to derive a single set of ECCEs for each PRB set as for legacy operation and accumulate them according to a respective candidate. Conversely, this is not possible if a new set of 6 PRBs is defined. Assuming that the limitation that a UE can monitor up to 2 PRB sets is maintained, the UE cannot monitor a set of 2 PRBs or a set of 4 PRBs and this somewhat reduces the overall flexibility of the eNB scheduler.    
Observation: Introduction of a new PRB set for M-PDCCH transmissions with new or modified ECCE definitions and new EREG mappings is unnecessary. 

3 Conclusions

This contribution considered aspects for the M-PDCCH structure. In particular, the following are proposed.
Proposal 1: For M-PDCCH transmissions without repetitions, a Rel-13 low cost UE monitors multiple ECCE aggregation levels. Consider not using aggregation level of 1 ECCE.   

Proposal 2: For M-PDCCH transmissions with repetitions, a Rel-13 low cost UE monitors a single aggregation level of 24 ECCEs per subframe. 

Proposal 3: A Rel-13 low cost UE can be configured to monitor multiple ECCE aggregation levels for an M-PDCCH transmission in one subframe and an aggregation level of 24 ECCEs over one or more numbers of multiple subframes. 

In addition, the following observation is made.

Observation: Introduction of a new PRB set for M-PDCCH transmissions with new or modified ECCE definitions and new EREG mappings is unnecessary. 
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