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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 and Scheduling Aspects
2.1 PDSCH/PUSCH Timing and Narrowband Location in First Subframe
The following were agreed in RAN1#80bis.

Agreements:
· PDSCH narrowband location in the first subframe containing PDSCH which is scheduled by EPDCCH:

· Option 1: Dynamic narrowband location indicated by DCI

· Option 2: Same narrowband location as the associated EPDCCH

· Option 3: Known narrowband location
· FFS: Which Option to select may depend on amount of required coverage enhancement
· It means one or two option(s) in total
· From RAN1#80 agreement: for Rel-13 MTC UEs in enhanced coverage, if subframe n is the last physical downlink control channel for MTC repetition then PDSCH start n + k (k > 0)

· Value of k is:

· Option 1: k is fixed

· Option 1-A: k=1 or 2, where PDSCH is allowed to use a different narrowband from the associated EPDCCH

· RAN1 will select a single value of k after receiving RAN4 input on retuning time

· Option 1-B: k=1, where PDSCH always use the same narrowband location as the associated EPDCCH

· FFS for the subframe n+k not allowed for PDSCH (e.g. PMCH, TDD, HD-FDD)
· Option 2: k is variable

· When not operating coverage enhancement, Option 1 is used when cross-subframe scheduling is used
· FFS: Which Option to select may depend on amount of required coverage enhancement
Indicating a narrowband for a PDSCH transmission in a first subframe by DCI (Option 1) is generally preferable in terms of scheduling flexibility. It can include support for both “Option 2” and “Option 3” at the expense of some additional overhead in the DCI format. “Option 1” allows narrowband selection for PDSCH transmission according to narrowband SINR for a UE (assuming respective CQI feedback is available) and can be preferable for latency sensitive applications for UEs that do not require coverage enhancements and need to support mobility. “Option 3” is not suitable for such scenarios while “Option 2”, despite the benefit of avoiding re-tuning delay, is too restrictive. For CE operation, latency non-sensitive applications, and limited/no UE mobility, option 3 can be considered. However, the savings may only be a few bits (depending on whether all narrowbands or a subset of narrowbands configured for CQI measurements are indicated) and same design can apply for CE and non-CE operation given that the benefit from pursuing different designs are marginal, if any. The same can apply for a PUSCH transmission (Option 2 is not meaningful in this case as re-tuning latency can be absorbed in the time required for a UE to transmit PUSCH).

Regardless of the narrow-band(s) indicated for PDDCH transmission, the narrow-band(s) for M-PDCCH transmission should remain unchanged and as configured by RRC signaling from a serving eNB to the UE. This allows for decoupled PDSCH and M-PDCCH transmissions and avoids error cases where a UE fails to detect an M-PDCCH scheduling a PDSCH. 

Proposal 1: A DCI format scheduling a PDSCH/PUSCH transmission indicates the narrowband for transmission in the first subframe. The number of bits can address a maximum subset of configured narrow-bands (e.g. maximum number of narrow-bands that can be configured for CQI measurements/reporting). Narrow-bands for M-PDCCH transmission are independent of narrow-bands for PDSCH transmission.   

For the value of k, “Option 1” requires that a DCI format scheduling a respective PDSCH (or PUSCH) indicates (implicitly or explicitly) a number of repetitions for a respective M-PDCCH. This further requires that the network is capable of committing in advance to a power use for an M-PDCCH transmission with repetitions (e.g. if a lower number of repetitions is used, a network need to commit to power boosting for the number of subframes with the M-PDCCH repetitions). Although this is often reasonable to expect (e.g. when the network is not loaded) it does not generally allow a network to dynamically adjust a number of M-PDCCH repetitions according to requirements the network has for power boosting of other channels in subsequent subframes. “Option 2” does not require an indication in the DCI format for the number of respective M-PDCCH repetitions but instead requires a maximum latency for a start of a PDSCH transmission that is determined based on the maximum configured number of M-PDCCH repetitions. Similar to the indication of the narrowband for the first PDSCH/PUSCH repetition, “Option 1” can be preferable to UEs requiring small CE for M-PDCCH transmissions (due to the absence of Rx/frequency diversity and the low M-PDCCH target BLER, these can represent a relatively large percentage of UEs in channel conditions where Cat.1 UEs are not power limited). “Option 2” can be considered for UEs requiring large CE levels but again, to maintain design commonality, “Option 1” can be universally considered. 

Proposal 2: For Rel-13 MTC UEs in enhanced coverage, if subframe n is the last subframe for repetitions of an M-PDCCH, a respective PDSCH or PUSCH transmission starts in subframe n + k (k > 0) where k is fixed. 

Following the above reasoning and the use of multiple repetition levels for an M-PDCCH transmission, a PDSCH or a PUSCH transmission can also be configured with multiple repetition levels and a repetition level can be indicated by a respective DCI format. Comparing to always using a maximum repetition level, allowing for use of smaller repetition levels can enable improved spectral efficiency, reduced power consumption, reduced latency, and link adaptation according to a respective narrowband.

Proposal 3: For Rel-13 MTC UEs in enhanced coverage, the number of repetitions for a PDSCH transmission or a PUSCH transmission scheduled by a respective DCI format is indicated by the DCI format.  

Moreover, for “Option 1-A” and regarding whether k=1 or k=2, RAN4 was not able to conclude on the retuning latency. If a retuning latency can be up to 1 OFDM symbol, k=1 can suffice; otherwise, k=2.
2.2 Frequency Hopping and Channel Estimation for M-PDCCH/PDSCH
The following were agreed in RAN1#80bis.

Agreements:
· Rel-11 EPDCCH is a starting point for design of the physical downlink control channel for MTC UEs in normal coverage
· The demodulation of the physical downlink control channel for MTC is based on at least DMRS for MTC UEs in normal coverage
· For the physical downlink control channel repetition for Rel-13 low-complexity MTC UEs in enhanced coverage, the following techniques are supported
· In order to allow cross-subframe channel estimation, location of a PRB-set for physical downlink control channel for MTC is the same during at least X subframes
· X value and indication are FFS
· This does not preclude discontinuous transmission for the physical downlink control channel for MTC
· Working assumption: Same precoding matrix is assumed per antenna port and at least one PRB for at least X subframes
· Frequency hopping is supported over the system BW
· If/when frequency hopping is applied, frequency location is switched according to a pattern every Y consecutive subframes, where Y is equal to or larger than X, assuming re-tuning time is included in Y
· Configurability of X, Y, and frequency hopping is FFS
M-PDCCH is based on EPDCCH that used precoded DMRS transmissions for antenna diversity or beamforming. It is therefore unclear how other RS transmissions can be used to improve channel estimation. Similar to other DL or UL channels, M-PDCCH is transmitted in a same PRB set for at least X subframes to enable coherent DMRS averaging in order to improve channel estimation accuracy. This is critical for minimizing a number of required repetitions particularly for low BLER targets such as 1%. For M-PDCCH this requires that a UE can assume a same precoding matrix for the DMRS per antenna port for at least X subframes. Moreover, a UE should be able to further assume that DMRS averaging can extend over all PRBs in the set of M-PDCCH PRBs (same principle as for Precoding Resource block Groups (PRGs) for PRB bundling in Rel-12). 

Proposal 4: Confirm the WA that a UE can assume the same DMRS precoding for repetitions of a M-PDDCH transmission over at least X consecutive subframes in the same set of PRBs. A UE can assume that a same DMRS precoding is also used in the PRBs of the set of PRBs for a M-PDCCH transmission in a subframe. 

For UE-specific DCI formats, frequency hopping for an M-PDCCH transmission can be UE-specifically configured. This can enable EPDCCH transmission in a same set of PRBs if a UE experiences favorable SINR (no frequency hopping) or in different sets of PRBs (frequency hopping) if the network does not have accurate CQI feedback or if the UE does not experience favorable SINR in possible sets of PRBs. Typically, four frequency-dispersed sets of PRBs are needed to practically provide all gains from frequency diversity (on top of Tx antenna diversity). However, it is preferable that the sets of PRBs are also configurable by the network. Regarding the value of X (and the value of Y), it can be either implicitly determined from the minimum number of repetitions for an M-PDCCH transmission or, in order to facilitate TDM for M-PDCCH transmissions for different CE levels, be configured by the network. It is preferable to avoid hard-coding the value of X in the specifications, for example based on an assumption for a maximum frequency error. 

Proposal 5: Frequency-hopping can be UE-specifically configured. 

2.3 Transmission Timing for M-PDCCH 
The possible starting subframes for repetitions of an M-PDCCH transmission have to be limited to a subset of the available subframes in order to avoid unnecessarily increasing a number of blind decoding operations for M-PDCCH. A Rel-13 low cost UE can be configured a starting subframe for repetitions of an M-PDCCH transmission but it is of course not reasonable to configure all such subframes over the SFN cycle. A formula therefore needs to be used taking into account the configuration for the initial subframe (if any), the available DL subframes per frame (e.g. exclude ABS/MBSFN subframes or UL subframes in TDD), and the repetition level for the M-PDCCH transmission. Similar to the CCE/ECCE aggregation levels, the repetition levels can have a nested structure where, for example, a Rel-13 low cost UE can be configured 1, 2, 4, or 8 repetitions or 4, 8, 16, or 32 repetitions for an M-PDCCH transmission according to its required coverage enhancement level.   
Proposal 6: The starting subframe for an M-PDCCH transmission with 
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 repetitions can be determined based on higher layer parameters and a formula. 
3 Conclusions

This contribution considered aspects for M-PDCCH transmission characteristics and associated PDSCH/PUSCH transmission timings. In particular, the following are proposed.
Proposal 1: A DCI format scheduling a PDSCH/PUSCH transmission indicates the narrowband for transmission in the first subframe. The number of bits can address a maximum subset of configured narrow-bands (e.g. maximum number of narrow-bands that can be configured for CQI measurements/reporting). Narrow-bands for M-PDCCH transmission are independent of narrow-bands for PDSCH transmission.   

Proposal 2: For Rel-13 MTC UEs in enhanced coverage, if subframe n is the last subframe for repetitions of an M-PDCCH, a respective PDSCH or PUSCH transmission starts in subframe n + k (k > 0) where k is fixed. 

Proposal 3: For Rel-13 MTC UEs in enhanced coverage, the number of repetitions for a PDSCH transmission or a PUSCH transmission scheduled by a respective DCI format is indicated by the DCI format.  

Proposal 4: Confirm the WA that a UE can assume the same DMRS precoding for repetitions of a M-PDDCH transmission over at least X consecutive subframes in the same set of PRBs. A UE can assume that a same DMRS precoding is also used in the PRBs of the set of PRBs for a M-PDCCH transmission in a subframe. 

Proposal 5: Frequency-hopping can be UE-specifically configured. 

Proposal 6: Confirm the WA that a UE can assume the same DMRS precoding for repetitions of a M-PDDCH transmission over at least X consecutive subframes in the same set of PRBs. A UE can assume that a same DMRS precoding is also used in the PRBs of the set of PRBs for a M-PDCCH transmission in a subframe. 
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