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1. Introduction 
In RAN#65 [1], a new WI has been approved to further enhance the physical layer for MTC.  In this contribution we consider the operation of physical data channels and their associated control channels under coverage enhancement and reduced bandwidth for LC-MTC UE. 
2. Discussion
In the WID [1], one of the objectives states that:
· When defining the detailed solutions for the above coverage enhancement techniques, the work should strive to minimize divergence of solutions between the new UE category/type and other UEs. One possible approach is to require a ‘normal complexity UE’ configured with the coverage enhancement techniques to mimic some of the behaviours of a Rel-13 low complexity UE configured with the coverage enhancement techniques.
In order to meet this objective, the design for coverage enhancement can be used by LC-MTC UE under normal coverage.  All discussion assumes the UE operates in reduced bandwidth (6 PRBs).
2.1 EPDCCH

In the previous meeting the following on downlink control channel was agreed:

· 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

Since Rel-13 MTC UEs are bandwidth limited, and at least at the initial deployment needs to coexist with legacy UEs in a wider bandwidth, the use of PDCCH is challenging since PDCCH spans the entire system bandwidth.  A new design of PDCCH would be required.  However, we already have a new design of downlink control channel in the form of the EPDCCH. It is therefore straightforward to use EPDCCH which can be constrained to a smaller bandwidth and for coverage enhancement.  The demodulation of EPDCCH is based on DMRS.
Proposal 1: The downlink control channel for LC-MTC UE (reduced bandwidth with/without coverage enhancement) shall be supported via EPDCCH only.  Demodulation of EPDCCH is based on DMRS. No new control channel shall be designed for MTC. 
In the current system, EPDCCH supports only UE-specific scheduling, and common channel messages are scheduled by the PDCCH.  For LC-MTC, one possibility is not to use EPDCCH for common messages such as SIB, RAR and Paging [2].  The scheduling of these common messages would in that case have to be predefined (or the UE would have to blind decode a few predefined locations).  A single predefined resource allocation would impose a restriction on the eNB scheduler, whilst blind decoding would require specifying a new search space for PDSCH.  Alternatively, CSS utilising EPDCCH can be defined at least for some of the common messages.  The configuration of this CSS can be broadcast in the SIB, e.g. SIB1
.  The CSS can follow the same principle as that used for USS EPDCCH.  This would provide flexibility for the eNB scheduler and avoid defining a new blind decoding method for PDSCH.
Proposal 2: Define a CSS for EPDCCH for LC-MTC.

Proposal 3: EPDCCH is used for common DCI messages for LC-MTC.

In the current system the PRBs used for EPDCCH are configured semi-statically and usually are distributed across the system bandwidth to enable the EPDCCH to be transmitted in a distributed or localised manner.  However, for LC-MTC UEs with reduced bandwidth, distributing the PRBs within a subband offers limited gain.  Hence in order to benefit from frequency diversity within a larger system bandwidth, the search space (USS or CSS) for EPDCCH can span more than one subband but in different subframes.  A simple implementation could be to configure two subbands, e..g Subband #1 and Subband #2 that are sufficiently separated in frequency.  Subband #1 could be used in subframes 0 to 4 whilst Subband #2 is used in subframes 5 to 9.
Proposal 4: The search space for EPDCCH uses more than one subband where the different subbands occur in different subframes.

Since LC-MTC is restricted to a subband of 6 PRBs, if the EPDCCH and the scheduled PDSCH are in the same subframe then the full 6 PRBs cannot be scheduled for PDSCH.  In the Rel-12 WI for coverage enhancement, cross subframe scheduling was agreed.  Therefore, following the objective in the WID [1] to minimise divergence between coverage enhanced operation and normal coverage, cross subframe scheduling should also be used in normal coverage.  This allows the full 6 PRBs to be used for EPDCCH and PDSCH to provide flexibility in scheduling.  The subband used for PDSCH can be indicated in the DCI (of the EPDCCH).
Proposal 5: Cross subframe scheduling is used for LC-MTC UEs both with and without coverage enhancement.  The subband used for PDSCH can be indicated in the DCI.
In the Rel-12 WI for coverage enhancement, it was agreed that if (E)PDCCH repetition ends at subframe n, the PDSCH or PUSCH repetition should start after the (E)PDCCH repetition, i.e. they should start at subframe n+k where k>0. For PDSCH k can be 1 or 2 depending upon the time required for frequency retuning at the UE.  For PUSCH k is FFS and may also have to take into account the time for frequency retuning (in addition to PDSCH processing time).
Proposal 6: If (E)PDCCH repetition ends at subframe n, the PDSCH repetition should start at subframe n+k.  FFS whether k=1 or 2.  This applies for normal coverage when no repetition is used.
Proposal 7: If (E)PDCCH repetition ends at subframe n, the PUSCH repetition should start at subframe n+k, where k is FFS.  This applies for normal coverage when no repetition is used.
The starting position of (E)PDCCH repetition was also discussed in Rel-12 and it was agreed that the starting position is limited to a subset of sub-frames.  One possible method proposed by several companies in Rel-12 (e.g. [4] & [5]) is to make the starting position (SFN & subframe) a function of the number of repetitions of the (E)PDCCH, an example being subframes satisfying (10*SFN + ns+k1)mod (R+k2)=0, where ns is the subframe number within the radio frame, k1 & k2 are offsets, and R is the repetition level.  

Proposal 8: The starting SFN/subframe of an (E)PDCCH repetition can be a determined implicitly from the repetition level used for that (E)PDCCH (e.g. as subframes satisfying (10*SFN + ns+k1) mod (R+k2) = 0, where ns is the subframe number within the radio frame, k1 & k2 are offsets, and R is the repetition level).

2.2 PUCCH

In Rel-12, it was concluded that PUCCH is required to carry ACK/NACK and possibly also SR for coverage enhancement.  In order to minimize divergence in design between coverage enhancement operation and normal coverage, PUCCH should also be used for LC-MTC UEs in normal coverage.
Proposal 9: PUCCH is used for LC-MTC UEs both with and without coverage enhancement.
In the current system, PUCCH resource is located at the two edges of the system bandwidth with frequency hopping within a subframe as shown in Figure 1.  For LC-MTC UE, such inter-slot frequency hopping for PUCCH would require subband switching within a subframe, which may not be feasible depending upon the time for frequency retuning.  
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Figure 1: PUCCH frequency hopping within subframe

For LC-MTC, one possibility is to define two PUCCH regions that are sufficiently separated in frequency similar to current system but without any inter-slot frequency hopping as shown in Figure 2.  Frequency diversity can be achieved between PUCCH transmissions.  The PUCCH resources can be indexed and implicitly indicated by the index of the lowest ECCE of the EPDCCH used to schedule the PDSCH. 
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Figure 2: PUCCH for LC-MTC

Proposal 10: For LC-MTC UE, at least two PUCCH regions separated in frequency are defined.
The number of repetitions needed is not expected to be very large, e.g. 8 repetitions using Format 1A for 15 dB extension [8].  However, it is still beneficial that the number of repetitions can be adjusted based on coverage level.  Similarly at least semi-static, and possibly also dynamic, configuration should be considered.

Proposal 11: At least semi-static configuration of the number of PUCCH repetitions should be supported.
If PUCCH repetition is configured, frequency diversity can be achieved within a single PUCCH transmission, since PUCCH in some subframes will be in one PUCCH region and PUCCH in other subframes will be in the other PUCCH region. 

If it is desired to multiplex the LC-MTC PUCCH with legacy PUCCH, one possibility could be for the LC-MTC PUCCH transmissions to use only one slot in each subframe, with frequency hopping between subframes to achieve diversity, as shown in Figure 3. This would both enable multiplexing with legacy PUCCH and provide at least 0.5ms retuning time for the LC-MTC UEs. 
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Figure 3: LC-MTC PUCCH multiplexed with legacy PUCCH
2.3 PDSCH/PUSCH

During the Rel-12 WI, the main technique for coverage enhancement discussed was repetition (or extension of TTI bundling).  For 15 dB coverage enhancement the number of repetitions is likely to be significant, which would have an impact on the spectral efficiency; therefore multiple different levels of coverage enhancement should be supported for MTC UEs, so as to largely avoid using more repetitions than necessary.  One of the objectives of the WI and also discussed during Rel-12 WI, is that this level of coverage enhancement should be configurable, which can be done semi-statically or dynamically.  We believe both options should be available:

· Semi-static configuration would allow the network to “place” the UE in a coarse coverage enhancement level.  This may be configured during RRC connection when the eNB does not have sufficient knowledge of the UE’s coverage level.

· Dynamic configuration (e.g. via DCI) could be used to refine the UE’s coverage enhancement level as the eNB gains more knowledge of the UE’s coverage level. However, further study would be needed to identify how long it would take the eNB to reliably estimate the need for a change of the coverage enhancement level, and hence whether the possibility for dynamic reconfiguration would be useful.

Proposal 12: The number of repetitions for PDSCH/PUSCH can be (re-)configured at least semi-statically, and it is FFS whether dynamic reconfiguration should also be supported.

In Rel-12, MTC UEs operating in the coverage enhanced region are expected to be static (albeit some form of mobility was suggested).  In Rel-13, apart from providing coverage for UEs deep inside buildings, coverage enhancement is also used to compensate coverage loss due to UE complexity reduction, and hence it is likely that some form of mobility may be expected.  Furthermore even for a static environment, the radio conditions would change.  It is therefore beneficial that a long PDSCH/PUSCH repetition can be terminated early when the radio conditions of the MTC UE become more favourable.  One way of terminating this is for the UE to transmit/receive ACK at points where such termination provides gain.

Proposal 13: Allow early termination of PDSCH/PUSCH repetitions.  

Frequency hopping was considered during the Rel-12 WI, where modest gain (2 dB) can be achieved in a 10 MHz channel [6].  The MTC UEs in Rel-13 will be bandwidth limited and hence frequency hopping would not provide any meaningful gain.  However, the MTC UE can switch frequency to another subband but this would incur a switching time of up to 1 ms and therefore cannot be done very frequently since the switching time could be used to transmit more repetitive samples of PDSCH/PUSCH.  Further study on frequency hopping is required.

Proposal 14: The need for frequency hopping of PDSCH/PUSCH is FSS.

CRC reduction was proposed in [7] suggesting a gain of 2 dB when the CRC is reduced from 24 bits to 8 bits.  However, the gain is expected to be dependent upon the TBS, and for cases where CRC is very small compared to the TBS (e.g. 1000 bit TBS) then the gain obtained from such a reduction may not be significant but may increase probability of false alarm.

Proposal 15: CRC length reduction is not required.

Power control for PUSCH was discussed in Rel-12.  The benefits of power control are unclear since the MTC UE operating in coverage enhanced mode is by definition out of normal coverage and therefore would have to use maximum power.  Furthermore reducing power would increase the number of required repetitions and so there is no saving in battery power.  Hence we do not see a need for power control.

Proposal 16: For UEs in coverage enhancement, power control for PUSCH is not required.

2.4 PHICH

In the WID [1], one objective is to define HARQ for PUSCH and hence some form of acknowledgement is required.  Furthermore such acknowledgements would be useful for early termination of long PUSCH repetitions.  During the SI phase for MTC [8], it was concluded that PHICH enhancement is not required since ACK/NACK can be provided in an adaptive manner.  During the Rel-12 WI phase, it was argued that adaptive HARQ using EPDCCH would consume significantly more resources [9] & [10] and hence repetition of PHICH is beneficial.  However, the PHICH resource is dependent upon the PUSCH used by the UE and the repetitive samples of PHICH may collide with other PHICHs (especially for normal UE).  Avoiding such collisions would lead to significant complexity at the eNB scheduler.

If ACK/NACK for non-adaptive retransmission of PUSCH is deemed useful, it would be easier to provide ACK/NACK via the EPDCCH, where the resource is not dependent upon the PUSCH resource.  The DCI carrying this ACK/NACK can be compacted to reduce the overhead.

Proposal 17: No coverage enhancement is required for PHICH to support CE-MTC UE operating in coverage enhanced mode.

Proposal 18: If non-adaptive HARQ is required, use a compact DCI to carry the ACK/NACK in (E)PDCCH.
3. Conclusion

In this contribution we have discussed some considerations for EPDCCH, PUCCH, PDSCH, PUSCH and PHICH for LC-MTC operation with and without coverage enhancement.  We propose:
Proposal 1: The downlink control channel for LC-MTC UE (reduced bandwidth with/without coverage enhancement) shall be supported via EPDCCH only.  Demodulation of EPDCCH is based on DMRS. No new control channel shall be designed for MTC. 
Proposal 2: Define a CSS for EPDCCH for LC-MTC.

Proposal 3: EPDCCH is used for common DCI messages for LC-MTC.

Proposal 4: The search space for EPDCCH uses more than one subband where the different subbands occur in different subframes.

Proposal 5: Cross subframe scheduling is used for LC-MTC UEs both with and without coverage enhancement.  The subband used for PDSCH can be indicated in the DCI.
Proposal 6: If (E)PDCCH repetition ends at subframe n, the PDSCH repetition should start at subframe n+k.  FFS whether k=1 or 2.  This applies for normal coverage when no repetition is used.
Proposal 7: If (E)PDCCH repetition ends at subframe n, the PUSCH repetition should start at subframe n+k, where k is FFS.  This applies for normal coverage when no repetition is used.
Proposal 8: The starting SFN/subframe of an (E)PDCCH repetition can be a determined implicitly from the repetition level used for that (E)PDCCH (e.g. as subframes satisfying (10*SFN + ns+k1) mod (R+k2) = 0, where ns is the subframe number within the radio frame, k1 & k2 are offsets, and R is the repetition level).

Proposal 9: PUCCH is used for LC-MTC UEs both with and without coverage enhancement.
Proposal 10: For LC-MTC UE, at least two PUCCH regions separated in frequency are defined.
Proposal 11: At least semi-static configuration of the number of PUCCH repetitions should be supported.
Proposal 12: The number of repetitions for PDSCH/PUSCH can be (re-)configured at least semi-statically, and it is FFS whether dynamic reconfiguration should also be supported.

Proposal 13: Allow early termination of PDSCH/PUSCH repetitions.  

Proposal 14: The need for frequency hopping of PDSCH/PUSCH is FSS.

Proposal 15: CRC length reduction is not required.

Proposal 16: For UEs in coverage enhancement, power control for PUSCH is not required.

Proposal 17: No coverage enhancement is required for PHICH to support CE-MTC UE operating in coverage enhanced mode.

Proposal 18: If non-adaptive HARQ is required, use a compact DCI to carry the ACK/NACK in (E)PDCCH.
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� The time scheduling for SIB1 can be predefined as per current system whilst the frequency scheduling for SIB1 can be either indicate by the MIB (using spare bits) or predefined [3].  
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LC-MTC PUCCH transmission across 2 sub-frames with inter-subframe frequency-hopping and a transmission gap for retuning
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