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On M-PDCCH/M-EPDCCH Design in NB-LTE
1 Introduction
At GERAN#62, a study item named “Cellular IoT” (CIoT) was created, aiming to evaluate how to support low throughput and low complexity machine type communications [1]. A number of solutions were proposed by respective proponents with great endeavours and the outputs were captured in the technical report [2].

At GERAN#67, a new concept, namely NB-LTE, makes its debut as a very late solution for CIoT SI [3]. 

In this document, analysis on the NB-LTE M-PDCCH/M-EPDCCH design is provided.
2 M-PDCCH
M-PDCCH is introduced in [4] to act as the control channel for the NB-LTE system. It is similarly designed compared to the counterpart of LTE (i.e. PDCCH) based on a resource rotation from frequency domain to time domain. A number of aspects on the M-PDCCH design are analysed as below.
· Collision with LTE control channels: The candidate solution claims that the NB-LTE system can be deployed inside the LTE as a PRB pair. In the sourcing companies’ view, this kind of in-band deployment must NOT bring any negative impact to the anchor LTE system. The M-PDCCH proposed for NB-LTE [4] occupies part of the first one or two OFDM symbols of each subframe. In the LTE system, the first 1~3 OFDM symbols (4 OFDM symbols when
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) are allocated for the PDCCH/PHICH/PCFICH transmission which spans the whole system bandwidth based on REG-level interleaving. Obvious collision between M-PDCCH for NB-LTE and LTE PDCCH/PHICH/PCFICH occurs as shown in Figure 1, so the design of M-PDCCH in [4] is considered infeasible if in-band deployment is supported by NB-LTE.
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Figure 1 Collision of M-PDCCH and LTE PDCCH/PHICH/PCFICH
· Downlink control coverage and capacity:  Assuming a different resource mapping is applied to M-PDCCH compared to the existing design to avoid the collision with LTE control channels, the M-PDCCH design is still not as straightforward as stated by [4].  [6] implies the coverage of M-PDCCH enjoys the coverage improvement contributed by the PSD boosting and time diversity compared to LTE, but suffering the loss of TX diversity gain and frequency diversity gain on the other hand. However, as discussed in our companion paper [7], the large scale of PSD boosting may not be feasible as a result the M-PDCCH design will not show better coverage than LTE PDCCH. If lower coding rate is introduced for M-PDCCH (e.g. aggregation level larger than 8) to enhance the coverage, the control capacity will become lower given the same amount of resources.    
· Blind decoding and timeline: In LTE, blind decoding is required for the UE to detect whether there is a matched DCI message and to decode the DCI message. Due to the extremely high complexity of blind decoding (rate de-matching, decoding and CRC checking have to be performed per blind decoding), the maximum number of blind decoding attempts have always been limited in LTE.. Although there is no explicit description of the timing relation between the M-PDCCH and associated PUSCH transmission in [4], but in the latency evaluation contribution [5] it assumes an uplink grant received on M-PDCCH in M-subframe n becomes valid in M-subframe n+1. There is less than 1 subframe time gap between the M-PDCCH and the associated PUSCH transmission as shown in Figure 2. It is noted that in LTE, a time gap of 3 subframes is dedicated for the uplink grant decoding and uplink data preparation before the UE uplink transmission. This is the fastest time gap that was deemed suitable for LTE, and CIoT devices are expected to be with much lower cost and lower processing capability.
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Figure 2 Timing relation between M-PDCCH and PUSCH
Observation 1: The M-PDCCH design in [4] will fail to work when the NB-LTE system is deployed inside LTE as a PRB pair. 
3 M-EPDCCH
In order to increase the scheduling capacity for CA, MU-MIMO as well as to support frequency domain ICIC, EPDCCH was introduced by LTE in Release 11. The design of M-EPDCCH is the same as the counterpart except a revised resource re-mapping by the time expansion principle. From the sourcing company’s view, this M-EPDCCH design is quite challenging with respect to: 
· Resource allocation: The PRB resources for EPDCCH are allocated by RRC signalling in terms of EPDCCH set. As a result, EPDCCH can work only in RRC-connected mode, which means that the transmission of EPDCCH relies on the successful detection of PDCCH based on which the UE receives the SIBs and performs the random access procedure. The M-EPDCCH reuses all EPDCCH design except the resource re-mapping as stated by [4], so no new functionality is introduced by M-EPDCCH, which means that the M-EPDCCH cannot independently work without M-PDCCH. This contradicts with [4] that M-EPDCCH is considered to be used as an alternative to M-PDCCH. 
· Resource mapping: Two types of resource mapping are supported by EPDCCH in LTE: distributed EREG/ECCE mapping and localized EREG/ECCE mapping. The search space design is fairly different for these two types of resource mapping to cater for different channel conditions. It is not clear which type of resource mapping is used by [4], which is believed to have big impact to the M-EPDCCH coverage performance and collision performance.  In addition, the REs for CRS and CSI-RS are rate matched by EPDCCH resource mapping. It looks like in [4] that both CSI-RS and DMRS are not supported by NB-LTE, so the M-EPDCCH EREG/ECCE mapping needs to be re-designed. 
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Figure 3 Search space of PDCCH and EPDCCH in LTE
· Search space design: There are two search spaces in LTE PDCCH: the common search space (CSS) used for the indication of the resources for system information, paging, random access response and common transmit power control, and the UE-specific search space (USS) carrying the downlink and uplink scheduling information. Only UE-specific search space is supported by EPDCCH as shown in Figure 3, so is expected for M-EPDCCH in [4]. As a result, every time the UE needs to read the system information, paging message and/or random access response, the UE has to fall back to PDCCH/M-PDCCH..
· Channel estimation: It is of interest for the readers to know what reference signals are employed by the M-EPDCCH decoding and how to implement the channel estimation. In LTE, DMRS is used by EPDCCH decoding and the antenna port is implicitly associated with the EPDCCH resource mapping. Some fundamental re-design is inevitable for the M-EPDCCH at the absence of DMRS in NB-LTE system.
Observation 2: The M-EPDCCH designed in [4] cannot work independently from M-PDCCH of which the design is considered infeasible. Furthermore, a large amount of re-designing efforts are needed for M-EPDCCH compared to EPDCCH.  
4 Conclusions

The designs for the M-PDCCH and M-EPDCCH in [4] are discussed and analysed. The following observations are drawn:
Observation 1: The M-PDCCH design in [4] fails to work when the NB-LTE system is deployed inside LTE as a PRB pair.
Observation 2: The M-EPDCCH designed in [4] cannot work independently from M-PDCCH of which the design is considered infeasible. Furthermore, a large amount of re-designing efforts are needed for M-EPDCCH compared to EPDCCH.  
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