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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. And this contribution 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
As discussed in [1], for the bandwidth reduction of the low complexity UE, some new designs may be considered to realize the functions of the DL control channels, including PCFICH, PHICH, and PDCCH, which spread all over the system bandwidth. Because of that, the bandwidth of some system may be larger than the supporting bandwidth of the bandwidth-reduced (NB, narrow band) MTC UE.  
In the following subsections, most of the conclusions for PCFICH and PHICH in [1] are repeated, and more discussion on (E) PDCCH is given based on the latest agreements of last meeting.
PCFICH
The starting symbol of the EPDCCH may need to be known, if EPDCCH is used to schedule the NB and coverage enhancement (CE) MTC UE. That means the CFI value needs be known by both of the NB and CE MTC UE.
For NB MTC UE, one way to transmit CFI is shown in Figure 1. The eNB can map the coded CFI value on the REs as its operation in a 1.4MHz system, and transmits the coded CFI value independently on the first symbol of the sub-band for NB MTC.



[bookmark: _Ref398651809]Figure 1 NB CFI transmission
This method will result in impacts on the EPDCCH resource mapping to avoid the REs used for the NB CFI, if EPDCCH is used in the MTC sub-band. And it will restrict the multiplexing of the EPDCCH resources between the legacy UEs and the NB MTC UEs, for the legacy UEs have no idea of the NB CFI RE mapping.

For CE MTC UE, some solutions can be considered [1] or [2]  including,
1) Dynamic CFI, i.e. it can change per subframe
2) Assumed fixed CFI in subframes the UE decodes
3) Semi-static CFI configured by higher layers
These mechanisms can also be considered for the NB MTC UE.
The second one of fixed CFI for expected subframe may be the most suitable solution, considering the flexibility and complexity, more discussion and analysis can refer to [1] or [2].
Proposal 1: For any downlink subframe that is expected to be decoded by the new low complexity and/or coverage improvement MTC UEs, the UE assumes CFI is a fixed, specified value.
PHICH
As analyzed in [1], for narrow band and CE MTC UEs, the ACK/NACK of the PUSCH transmission should be realized by some mechanisms. 
For non- Rel-13 NB 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 [2]. Based on our analysis in [3], this option may suffer the disadvantages of spectral inefficiency and higher power consumption in CE mode relative to the PHICH option. 
For Rel-13 NB 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 NB MTC, as its operation in a 1.4MHz system. But as analyzed in the PCFICH section, the method is also not so suitable, because of the impacts on the EPDCCH resource mapping, and EPDCCH multiplexing between the legacy UE and the NB MTC UEs.
For the EPDCCH option, there are also disadvantages of poorer spectral efficiency and power consumption for NB MTC UE within CE mode.
 Therefore we have
Proposal 2: 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 all types of Rel-13 UE.
(E)PDCCH
Some agreements were achieved in last meeting for the physical downlink control channel for MTC:
· Regarding the physical downlink control channel for MTC:
· It is used to transmit DCI messages to Rel-13 low complexity UEs
· Its usage for other purposes than unicast transmission is FFS
· Its usage for other UEs in enhanced coverage is FFS
· It is a narrowband (within 6 PRBs) control channel
· Its demodulation is based on CRS and/or DMRS (FFS)
· It is not mapped to legacy control regions
· Its design is based on PDCCH or EPDCCH unless some aspects are agreed as not applicable
· This does not preclude the consideration of Rel-13 low complexity UE accessing 1.4 MHz system BW using legacy (E)PDCCH
This section will give more discussion based on the agreements above and the discussion in [1]. It will focus on the option that physical downlink control channel for MTC is used to schedule the data transmission, and our contribution [4] will give more discussion on the control-less option for common messages.
Design selection based on PDCCH and/or EPDCCH
According to the agreement, for Rel-13 low complexity UEs, the physical downlink control channel is a narrow band (within 6 PRBs) control channel, and there are two options for the design of the new physical downlink control channel for Rel-13 MTC UEs,
· Based on PDCCH, as the Narrow band PDCCH in narrow band 2 for MTC shown in Figure 2
· Based on EPDCCH, as the EPDCCH in narrow band 1 for MTC shown in Figure 2


[bookmark: _Ref402183542]Figure 2 Physical downlink control channel for Rel-13 MTC UEs
Note: we don’t mean to use EPDCCH in some narrow bands, and use narrow band PDCCH in the other narrow bands. It is just for the convenience to show two options in one figure.
The advantage of narrow band PDCCH may be a less specification effort, for eNB can map the narrow band PDCCH just like its operation in a 1.4MHz system. But for the EPDCCH option, an EPDCCH CSS may need to be defined to schedule common message transmission, which may result in some specification efforts. However, most of the EPDCCH CSS design can keep the same with the design of EPDCCH USS, so the effort is reasonable.
 However, we may have some other contrast including,
· The configuration flexibility of the control channel resources amount: for the NB PDCCH option, it may need a new narrow band if there is a need for more control channel resources. The NB PDCCH region can also be adjusted in the narrow band, according to some parameter like CFI, but this adjustment is very limited. Firstly, the additional resources available by 1 control channel symbol increase is limited. And the CFI value of the NB PDCCH could not increase unrestrictedly, the current maximum value  4 in a 6 PRB system. However, for EPDCCH option, it may only need an additional PRB.
· The availability of the PDSCH: for the NB PDCCH option, if the PDSCH in narrow band 2 for MTC UEs is used by legacy UEs, the receiving performance may be impacted, for the NB PDCCH will puncture PDSCH to legacy. But for EPDCCH option, the PDSCH and even the EPDCCH part, in narrow band 1 for MTC UEs, can be used by legacy UEs by scheduling without any performance impact. 
· The receiving performance: the receiving performance of NB PDCCH may be significantly degraded, because it has dropped the frequency diversity gain which is the most important guarantee of the receiving performance for legacy PDCCH through spreading the channel over a wide band. The EPDCCH receiving performance, especially for the EPDCCH USS, can be helped by multiantenna techniques, as discussed during the development of EPDCCH.

Based on the analysis above, the physical downlink control channel for MTC should be based on EPDCCH, for both CE and non-CE operation. Additional options of having EPDCCH-PRB-sets in 1 and 6 PRBs can also be considered. Therefore we have,
Proposal 3: The physical downlink control channel for MTC should be based on EPDCCH for both CE and non-CE mode.
· Additional EPDCCH-PRB-set sizes can be considered.  

Demodulation selection based on CRS and/or DMRS
If physical downlink control channel design is based on EPDCCH, as discussed above, the physical downlink control channel scheduling UE-specific messages, called EPDCH USS, can still be demodulated based on DMRS like the current EPDCCH USS operation. 
However, as discussed above and in [1], a new designed physical downlink control channel scheduling common message, EPDCCH CSS, needs to be considered. The new designed EPDCCH CSS is used for the transmission of common messages and high layer signaling is used 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 new designed 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.  More analysis is in [5].
Proposal 4: If the EPDCCH is supported, a new EPDCCH CSS should be designed that could be based on DMRS. This applies to CE and non-CE mode.
should be designed that could also be based on DMRS
Support of cross-subframe scheduling
As reflected in the Rel-12 agreement from RAN1#75:
· For UEs in enhanced coverage mode for MTC, if/when PDSCH is indicated via (E)PDCCH:
· The relation of PDSCH timing to (E)PDCCH timing shall be known to UE and shall not be configurable by higher layer parameter dedicated only for this purpose and shall not be indicated by (E)PDCCH. FFS on how to derive it or fixed by spec.
· Assigned PDSCH is transmitted not before end of (E)PDCCH, i.e., if subframe n is the last (E)PDCCH repetition then PDSCH start n + k (k > 0)
This means that, cross-subframe scheduling need to be supported by Rel-12 coverage improvement UEs. Cross-subframe scheduling can be used as the starting point when talking about at least coverage improvement in Rel-13. 
As also shown in WID,
· The work with the physical layer control signalling (e.g. EPDCCH) and higher layer control signalling (e.g. SIB, RAR and Paging messages) should aim for a high level of commonality between the solutions for the new Rel-13 low complexity UEs and the solutions for coverage enhanced UEs.
Cross-subframe scheduling can also be extended in the bandwidth reduction case for simplification as an option for the purpose of a high level of commonality.
Proposal 5: If /when PDSCH is indicated via (E)PDCCH, cross-subframe scheduling should be supported by the coverage improvement UEs, and by the new low complexity UEs with or without coverage improvement.
Conclusions
This contribution gives some discussion on the downlink control channel design based on our previous contribution for last meeting and the latest agreements, including the (E) PDCCH, PCFICH, and PHICH. The following proposal and observations are presented:
Proposal 1: For any downlink subframe that is expected to be decoded by the new low complexity and/or coverage improvement MTC UEs, the UE assumes CFI is a fixed, specified value.
 Proposal 2: 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 all types of Rel-13 UE.
Proposal 3: The physical downlink control channel for MTC should be based on EPDCCH for both CE and non-CE mode.
· Additional EPDCCH-PRB-set sizes can be considered.  
Proposal 4: If the EPDCCH is supported, a new EPDCCH CSS should be designed that could be based on DMRS. This applies to CE and non-CE mode.
Proposal 5: If /when PDSCH is indicated via (E)PDCCH, cross-subframe scheduling should be supported by the coverage improvement UEs, and by the new low complexity UEs with or without coverage improvement.
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