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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The low complexity and coverage improvement features may have some impacts on the DL physical control channels for the new Rel-13 UE category/type MTC. Some discussion and analysis have been given in our contribution [1] for last meeting. This contribution gives some update on [1], and continues to discuss the impacts on DL physical control channels for the new Rel-13 MTC UE, based on the latest agreements of last meeting.
Discussion
Some agreements on the DL physical control channels are achieved:
· Legacy PCFICH, PDCCH and PHICH are not received by Rel-13 low complexity UEs at least for system BW>1.4MHz
The new design of PCFICH, PDCCH or PHICH for low complexity UEs at least for system BW>1.4MHz should be considered, if the function of these channels are still necessary. The considerations on acquiring CFI for MTC UEs are given in [2]. In the following subsections, the realization of feedback for UL data, and the new design of physical downlink control channel for MTC are discussed.
PHICH
As reflected in the Rel-12 agreement from RAN1#75:
· HARQ in UL and DL is supported in coverage enhanced mode 
· FFS on the details of HARQ realization for PUSCH
· FFS on the number of HARQ processes
Note that this was followed in RAN1#77 by agreeing there was no change to the number of HARQ processes in Rel-12. This can be extended to low complexity case with or without coverage enhancement, at least for the case of FD-FDD. Therefore, for low complexity MTC UEs, the ACK/NACK of the PUSCH transmission should be realized by some mechanisms. 
For non- Rel-13 low complexity UEs, the HARQ-ACK feedback can be implemented through 2 options: PHICH or (E)PDCCH.  For the latter, the corresponding ACK/NACK functionality could be realized by the New Data Indicator (NDI) in the EPDCCH DCI, which instructs UEs whether to transmit new data or retransmit [3]. Based on our analysis in [4], this option may suffer the disadvantages of spectral inefficiency and higher power consumption in CE mode relative to the PHICH option. 
For Rel-13 low complexity MTC UE, which cannot decode the legacy PHICH spreading all over the system bandwidth, the HARQ-ACK feedback can also be implemented through 2 options: narrow band PHICH (ePHICH) or EPDCCH.  
For the ePHICH option, the eNB can map the coded ACK/NACK on the first symbol of the sub-band for low complexity MTC. But the method is not a suitable option, because of the impacts on the EPDCCH resource mapping to avoid the REs used for the ePHICH, if the EPDCCH is used in the MTC sub-band. And it will restrict the multiplexing of the EPDCCH resources between the legacy UEs and the low complexity MTC UEs, for the legacy UEs have no idea of the low complexity CFI RE mapping.
For the EPDCCH option, there are also disadvantages of poorer spectral efficiency and power consumption for NB MTC UE within CE mode. Overall, since these disadvantages are limited to just one particular subset of UEs, and especially because it would have no legacy UE impact, we prefer to use EPDCCH NDI for this purpose, but reserve a final decision on CE mode UEs for the time being.
Proposal 1: At least for the new low complexity MTC UEs without CE, the ACK/NACK functionality can be realized by EPDCCH.
· ACK/NACK functionality in CE mode needs more study for other types of Rel-13 UE.

(E)PDCCH
This section will give more discussion on physical downlink control channel for MTC, including the compact DCI, the RS design, and the EPDCCH configuration, with an assumption that the physical downlink control channel for MTC is based on EPDCCH, when the system bandwidth is larger than 1.4MHz. In the end, the physical downlink control channel selection for the MTC in a system whose bandwidth is not larger than 1.4MHz is also discussed. 

Compact DCI
 As discussed in the TR 36.888 [6], compact DCI format and higher aggregation level can be used to enhance the (E) PDCCH coverage, and reduce the repetition number.
“For example, compact DCI format and higher aggregation level can reduce the required number of repetitions from 100 (8 CCEs and 29 bits DCI payload) to 20 (16 CCEs and 9 bits DCI payload).”
Cost reduction decisions made so far can have some performance degradation and reduce the coverage of EPDCCH. For example single RX, and bandwidth reduction. The compact DCI can be considered to enhance the coverage of EPDCCH for MTC UEs.
It is possible to design a new compact DCI to reduce or remove some DCI fields, especially for low complexity MTC UEs. For example, the maximum supported TBS is reduced, so fewer bits can be used to indicate the modulation order and the TBS indices. The bandwidth is reduced, and the PDSCH is scheduled within 6 PRBs, so the RB assignment field can be compressed. 
Based on the analysis above, we have
Proposal 2: Compact DCI should be used to enhance the coverage of EPDCCH for low complexity MTC UEs.

RS selection between CRS and/or DMRS
For the physical downlink control channel scheduling UE-specific messages, called EPDCCH USS, it can still be demodulated based on DMRS like the current EPDCCH USS operation, to benefit from re-use of Rel-12 designs.
As discussed in [7], if a common message is scheduled by physical downlink control channel, a new EPDCCH CSS needs to be considered, which can also provide scheduling for the RRC messages to configure UE-specific EPDCCH.
The EPDCCH CSS is aimed to all or a group of UEs, and the eNB may have no chance to get any UE-specific or group-specific feedback. However, DMRS could be used for the EPDCCH CSS demodulation based on some pre-known common parameters. This can keep the EPDCCH CSS design similar to the current EPDCCH USS when possible. This results in less specification effort, and less UE implementation complexity.  

Proposal 3: The physical downlink control channel for low complexity MTC UEs with/without CE, should be designed based on DMRS.
· If physical downlink control channel is used for common message scheduling, a new designed EPDCCH CSS should be introduced.  
As discussed in [8], DMRS based transmission diversity can be considered for the EPDCCH CSS. 

EPDCCH configuration 
For Rel-12 UEs, the UE-specific EPDCCH configuration, including up to two set configurations, can be provided by RRC signaling on PDSCH at L1 which is scheduled by legacy PDCCH. Each set configuration includes the set configuration ID, transmission type, number of PRB pairs, resource block assignment (providing EPDCCH-PRB-set which is known to L1 specification), DMRS scrambling sequence initiation for the configured EPDCCH, etc.
Some mechanism needs to be considered to provide the EPDCCH configuration, including the EPDCCH USS configuration and/or EPDCCH CSS (if introduced) configuration, for the low complexity MTC UEs, which cannot receive the legacy PDCCH CSS. 
As discussed in [8], one possible mechanism could be designing a common EPDCCH set configuration, the parameters of which are fixed or pre-known, and use EPDCCH configured as per this set to schedule the RRC signaling which provides UE-specific EPDCCH set configurations. For example, the EPDCCH using the common EPDCCH set configuration could be located within the central PRBs of the carrier and sent in subframes other than those used for PBCH repetitions. In this case, the Rel-12 EPDCCH design at both L1 and higher layers could be reused to a large extent whilst keeping the flexibility of configuring UE-specific EPDCCH set configurations.
The common EPDCCH set can also be used to provide other common EPDCCH configurations if there are more than one common EPDCCH. For example, if there is more than one common message subbands, and each subband has its own common EPDCCH set configuration. One common EPDCCH set in a subband can have pre-known parameters, and provide the common EPDCCH set configuration of other common message subbands. There can be more than one common EPDCCH set if needed.
Proposal 4: A common EPDCCH set configuration can be considered to provide the EPDCCH USS and/or EDPCCH CSS (if introduced) set configuration.

DL physical control channels for MTC when system bandwidth is not lager than 1.4MHz 
According to the agreements, and as discussed in our contribution for last meeting [9], changes to the design of legacy (E)PDCCH are unavoidable for MTC UEs in eNB system BW beyond 1.4 MHz. And it can be beneficial from standardization and complexity perspective to keep a uniform design for the MTC UEs when the system bandwidth is larger than 1.4MHz.
However, for system bandwidths up to 1.4MHz, if only EPDCCH-based design of control channel is used for MTC UEs, the data channel capacity will be limited, for it has to share the only 6PRBs with control channel. And for common messages transmission, eCSS based on EPDCCH has to be designed, which can result in the UE complexity increase and standard effort. 
For more analysis, refer to [9].
Proposal 5: The physical downlink control channel for MTC can be based on PDCCH in system bandwidths up to 1.4 MHz. 




Conclusions
This contribution gives some discussion on the downlink control channel design based on our previous contribution for last meeting and the latest agreements. The following proposal and observations are presented:
Proposal 1: At least for the new low complexity MTC UEs without CE, the ACK/NACK functionality can be realized by EPDCCH.
· ACK/NACK functionality in CE mode needs more study for other types of Rel-13 UE.
Proposal 2: Compact DCI should be used to enhance the coverage of EPDCCH for low complexity MTC UEs.
Proposal 3: The physical downlink control channel for low complexity MTC UEs with/without CE, should be designed based on DMRS.
· If physical downlink control channel is used for common message scheduling, a new designed EPDCCH CSS should be introduced.  
Proposal 4: A common EPDCCH set configuration can be considered to provide the EPDCCH USS and/or other EDPCCH CSS (if introduced) set configuration.
Proposal 5: The physical downlink control channel for MTC can be based on PDCCH in system bandwidths up to 1.4 MHz. 
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