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1 Introduction

In RAN1#79, the following were concluded regarding the transmission of DL control channels. 

· Legacy PCFICH, PDCCH and PHICH are not received by Rel-13 low complexity UEs at least for system BW>1.4MHz
· CFI where the UE can start control/data reception is provided by one of following alternatives

· Alt. 1: Signaling in MIB

· Alt. 2: Signaling in SIB

· CFI is a fixed value predefined in the specification at least for PDSCH for at least part of system information
· Alt. 3: Fixed in a specification for all subframes

· Note: RAN1 will conclude it among above 3 alternatives in RAN1 #80 meeting

· At least for unicast channel,

· For the ‘Physical downlink control channel for MTC’ for Rel-13 low complexity UEs and UEs in enhanced coverage,

· Strive to reduce active transmission/reception time by considering the DCI size
· UE monitoring of multiple ‘Physical downlink control channel for MTC’ decoding candidates and/or one or more repetition level(s) is supported at least for the UE-specific search space
· FFS: whether RS for ‘Physical downlink control channel for MTC’ is based on DMRS, CRS or both

· 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
· FFS: SIB/RAR/Paging operation without ‘Physical downlink control channel for MTC’ for Rel-13 low complexity UEs and UEs in enhanced coverage
· FFS: Common search space of ‘Physical downlink control channel for MTC’ for Rel-13 low complexity UEs and UEs in enhanced coverage

· At least for unicast PDSCH transmission scheduled by ‘Physical downlink control channel for MTC’, cross-subframe scheduling is supported at least for Rel-13 UE supporting enhanced coverage
This contribution considers search space design and transmission timing aspects related to DL control signaling for Rel-13 low cost UEs. “EPDCCH” is used to refer to “Physical downlink control channel for MTC”.
2 DL Control Signaling
2.1 Decoding Candidates and Repetition Levels
For a UE configured operation with EPDCCH repetitions, the UE should consider that the EPDCCH is transmitted in all available REs within 6 PRBs in order to minimize transmission/reception time. The notion of available REs for EPDCCH mapping is the same as the Rel-11 one. One exception is for the CSI-RS REs prior to the UE being configured these REs by RRC signaling. Then, “available” REs from the UE perspective include CSI-RS REs and the eNB to account for the BLER degradation in the link adaptation (e.g. by adjusting power and/or ECCE aggregation level). This is the same as for PDSCH transmissions to Rel-8 UEs. Given the QPSK modulation and the low code rates, especially for an EPDCCH transmission with repetitions, the BLER impact is expected to be minimal (as also shown during Rel-10 evaluation for PDSCH BLER).

The concept of an ECCE aggregation level needs to be considered over a number of repetitions as all ECCEs within 6 PRBs should be used to transmit an EPDCCH. Then, a maximum configured number of subframes for EPDCCH repetitions correspond to the maximum ECCE aggregation level. The eNB can use the maximum ECCE aggregation level when it needs to use a reduced average power per subframe for transmitting the EPDCCH (e.g. power de-boosting in some subframes due to power boosting of other signaling as the EPDCCH transmission evolves in time). 
For the same reasons as for legacy operation, ECCE aggregation levels smaller than the maximum one should be supported in order to reduce blocking probability, enable use of fewer ECCEs, and improve spectral efficiency and UE power utilization. For example, the eNB can use a second ECCE aggregation level (second number of EPDCCH repetitions) if it can transmit the EPDCCH with nominal average power or a third ECCE aggregation level (third number of EPDCCH repetitions) if it can transmit the EPDCCH with larger average boosting. The adjustment can be made by the eNB in real time without requiring the eNB scheduler to predict future decisions and power requirements. As the UE can only receive within 6PRBs, each lower ECCE aggregation level is a subset of a larger ECCE aggregation level (same ECCEs in same subframes). The UE needs to perform one decoding operation for each ECCE aggregation level but, as these decoding operations are not in the same subframe, the UE needs to at most perform one decoding per subframe. The legacy tree-based structure can be maintained for the ECCE aggregation levels. Four repetition levels are sufficient.
Proposal 1: An EPDCCH that is transmitted with repetitions to a Rel-13 low cost UE is mapped to all available REs within 6 RBs per subframe. The UE is configured with 4 repetition levels for EPDCCH transmissions corresponding to 4 CCE aggregation levels.   
2.2 Common Search Space – SIB/RAR/Paging Scheduling
Use of a common search space (CSS) for scheduling SIB/RAR/Paging has the advantage of network flexibility in terms of resource selection, MCS adaptation, and TBS adaptation for RAR and paging. It may also help alleviate blocking of RAR/Paging transmissions to Rel-13 low cost UEs through the capability to distribute such transmissions in time (at different subframes within a RAR window or at different paging occasions), minimize impact on other UEs, and also control the TBS. Support, in principle, for CSS is simple both from specification and from implementation standpoints.

The main disadvantage of a CSS is that it cannot coexist, in its legacy notion of being common for all UEs, with the UE-dedicated search space (UE-DSS) as otherwise all UEs would need to share the same UE-DSS (be scheduled in same 6 RBs) which is practically infeasible. Then, either UEs are separated into groups having the same RBs for CSS and UE-DSS per subframe (first option, similar to “Method 3” in [2]) or a UE monitors only CSS in some subframes and monitors only UE-DSS in other subframes (second option, “Method 1” in [2]). The former option allows the UE to monitor both CSS and US-DSS in a subframe at the potential expense of having to transmit same information to different groups of UEs while the latter option requires that a UE monitors either only CSS or only UE-DSS in a subframe but transmission of common control signaling does not need to be replicated. Considering that possible introduction of CSS is to improve scheduling flexibility and as large TBS require a large number of repetitions leading to increased UE power consumption, the former option is preferable as some small loss in DL spectral efficiency for transmissions of common control signaling can be tolerated (especially considering that such transmissions are infrequent for Rel-13 low cost UEs requiring coverage enhancements due to their limited mobility).
Proposal 2: If CSS is supported for Rel-13 low cost UEs, the RBs for CSS are the same as the RBs for UE-DSS in a subframe.

Regardless of whether or not CSS is supported, a UE needs to know the RBs for subsequent EPDCCH receptions. One option is to continue after Msg4 reception with non-scheduled, UE-specific, PDSCH transmissions providing RRC configuration information. However, this is not practically feasible (increased blocking as UEs will need to share groups of 6 RBs and prolonged acquisition time and power consumption in case of repetitions, impact on other UEs, etc.). Another option is to implicitly determine RBs for a CSS or for a UE-DSS that can be subsequently modified by RRC configuration from the eNB. 
Observation 1: Regardless of whether or not CSS is defined, RBs for EPDCCH receptions from a UE prior to RRC configuration need to be determined.  

It was discussed to provide HARQ-ACK information for PUSCH transmissions using a new DCI format. For such an approach to be beneficial, the DCI format should provide HARQ-ACK information for multiple UEs. This in turn implies that the DCI format needs to be transmitted in a CSS located in RBs that can be different than the UE-DSS RBs, as in the second option above (since multiple UEs cannot be scheduled in the same 6 RBs, especially in case that coverage enhancements are required where relying on a new HARQ-ACK channel, instead of the NDI in the UL DCI format, is most useful). This also requires that the eNB semi-statically configures a UE whether the PUSCH retransmissions are adaptive or non-adaptive. Whether there are any benefits from introducing a DCI format carrying HARQ-ACK information for PUSCH transmissions also depends on the target BLER and on the number of UEs with PUSCH transmissions per subframe. For dynamically scheduled PUSCH transmissions, the benefit from using a new DCI format to convey HARQ-ACK is unlikely to be meaningful. However, for SPS PUSCH, it is simple to group UEs to receive HARQ-ACK information in predetermined resources. Similar to HARQ-ACK information, TPC commands can be provided for UEs that are not transmitting SPS PUSCH (or HARQ-ACK in a PUCCH in response to SPS PDSCH) with repetitions.
Observation 2: A new DCI format providing HARQ-ACK information for PUSCH transmissions can be beneficial for SPS PUSCH but requires operational restrictions for dynamically scheduled PUSCH. A DCI format 3/3A can be beneficial for SPS PUSCH/PDSCH.
Since latency is not critical for many applications of Rel-13 low cost UEs, activation of SPS PDSCH/PUSCH transmissions can be by UE-group specific DCI instead of UE-specific DCI using a UE-group RNTI. This can reduce DL control overhead by a factor equal to the number of UEs in the group.  
Proposal 3: Support UE-group specific activation of SPS PDSCH/PUSCH transmissions. 

2.3 Transmission Timing for EPDCCH and PDSCH/PUSCH
The possible starting subframes for repetitions of an EPDCCH transmission have to be limited to a subset of the available subframes in order to avoid unnecessarily increasing a number of blind decoding operation (was agreed during the Rel-12 discussions). For example, for SFN 0 and an EPDCCH transmission with 4 repetitions, the starting subframes can only be 0, 4, 8, … (or with a possible addition of a subframe offset).  
A next question is whether possible starting subframes are configured to a UE or are determined according to a formula. 

Configuration of subframes where the UE is not expected to receive EPDCCH is effectively configuration of DRX. Therefore, the starting subframe for an EPDCCH transmission with repetitions should be determined by a formula. As the UE can receive only in 6 PRBs and PRBs for EPDCCH transmission cannot be generally expected to be the same in the same 6 PRBs as the PRBs for PDSCH transmission for all respective repetitions, the starting subframe for an EPDCCH transmission with repetitions should be after the last subframe for a PDSCH transmission. For a HD-FDD UE, the starting subframe for an EPDCCH transmission with repetitions should also be after the last subframe for a PUSCH transmission (and a switching subframe). 
Proposal 4: The starting subframe for repetitions of an EPDCCH transmission is determined by a formula. 
As the eNB cannot determine in advance the number of repetitions it will need to use to transmit the EPDCCH and if the Rel-12 agreement that the EPDCCH does not indicate the number of EPDCCH repetitions then, regardless of the number of repetitions used to transmit the EPDCCH scheduling a PDSCH or a PUSCH, the starting PDSCH subframe or the starting PUSCH subframe are determined relative to the maximum configured number of EPDCCH repetitions. For example, for FDD and for subframe 
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 being the last subframe corresponding to the maximum configured number of EPDCCH repetitions, the UE can begin PDSCH reception at subframe 
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, depending on the frequency switching delay, or begin PUSCH transmission at subframe 
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 (for TDD, the starting subframe for PDSCH reception is the first DL subframe with index 
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 and the starting subframe for PUSCH transmission is the first UL subframe with index 
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Proposal 5: The starting subframe for PDSCH reception or PUSCH transmission is determined relative to the last subframe for the maximum configured number of repetitions for the respective EPDCCH.    
3 Conclusions

This contribution considered aspects for the search space design and the transmission timings related to DL control signaling for Rel-13 low cost UEs. In particular, the following are proposed.
Proposal 1: An EPDCCH that is transmitted with repetitions to a Rel-13 low cost UE is mapped to all available REs within 6 RBs per subframe. The UE is configured with 4 repetition levels for EPDCCH transmissions corresponding to 4 CCE aggregation levels.   

Proposal 2: If CSS is supported for Rel-13 low cost UEs, the RBs for CSS are the same as the RBs for UE-DSS in a subframe.

Proposal 3: Support UE-group specific activation of SPS PDSCH/PUSCH transmissions. 

Proposal 4: The starting subframe for repetitions of an EPDCCH transmission is determined by a formula. 
Proposal 5: The starting subframe for PDSCH reception or PUSCH transmission is determined relative to the last subframe for the maximum configured number of repetitions for the respective EPDCCH.    
Additionally, the following observations are made.

Observation 1: Regardless of whether or not CSS is defined, RBs for EPDCCH receptions from a UE prior to RRC configuration need to be determined.  

Observation 2: A new DCI format providing HARQ-ACK information for PUSCH transmissions can be beneficial for SPS PUSCH but requires operational restrictions for dynamically scheduled PUSCH. A DCI format 3/3A can be beneficial for SPS PUSCH/PDSCH.
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