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1 Introduction

In the Rel-12 work item “Low cost & enhanced coverage MTC UE for LTE” enhanced coverage(CE) had been identified as an important feature that deserves consideration and discussion but was removed from the Rel-12 scope [1] due to limited time frame. To further proceed for this part, RAN#63 endorsed a way forward [2] to continue MTC CE in Rel-13 work item “further LTE physical layer enhancements for MTC” [3].
In the Rel-13 MTC, there is an objective to “target a relative LTE coverage improvement – corresponding to 15 dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage”. Techniques to consider with respect to data channel CE and related aspects such as HARQ processing include:
· Subframe bundling techniques with HARQ for physical data channels (PDSCH, PUSCH)

· Repetition techniques for control channels (e.g. PBCH, PRACH, (E)PDCCH)

· Either elimination or repetition techniques (e.g. PBCH, PHICH, PUCCH)
In addition, it is also indicated in the WID that
· The agreements and working assumptions made during the initial work carried out during the corresponding Rel-12 work item should be used as a starting point when applicable.
Following the above in this contribution, we provide our considerations on CE for PDSCH and PUSCH starting from the previous meeting progress in Rel-12 MTC, and other thoughts on related issues.
2  Data channel CE: issues, solutions and analysis
2.1 Remaining issues from Rel-12 MTC
Regarding data channel CE, the Rel-12 MTC had made the following agreements:
· 
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)

· For UEs in enhanced coverage mode for MTC,
· Repetition of PDSCH across multiple sub-frames is supported.

· Multiple repetition levels in time domain are specified.

· For UEs in enhanced coverage mode for MTC,
· Repetition of PUSCH across multiple sub-frames is supported.

· Multiple repetition levels in time domain are specified.

· HARQ in UL and DL is supported in coverage enhanced mode 

· FFS on the details of HARQ realization for PUSCH
Thus, in general, HARQ functionality for both uplink and downlink in CE mode are supported, but details are FFS. More specifically, the remaining issues from Rel-12 MTC for data channel CE are focused on:

· for PDSCH, derivation of the timing relationship between (E)PDCCH and PDSCH, or fixed by specification
· for PUSCH, the HARQ realization mechanism
As also mentioned above, the Rel-12 MTC achievements should be a starting point when applicable for the Rel-13 MTC work item. Although it is a new work item, the general objective of CE of the Rel-13 MTC is almost the same as the corresponding part in the Rel-12 MTC, i.e. to target 15 dB for FDD considering the same scenarios such as in deep inside buildings. Therefore possible techniques for data channel CE considered in the Rel-12 MTC are a sound beginning.
It is too early in the WI to determine exact amounts of coverage to apply to each channel, since it is necessary first to establish what techniques are feasible and achievable, and how close to the overall cell target of 15 dB it is possible to get. In this contribution, we therefore firstly analyse the remaining issues from the Rel-12 MTC, and then provide some further considerations on issues introduced by the new WI. 
2.2 Technical solutions for remaining issues for PDSCH and PUSCH CE
2.2.1 PDSCH
In this section, we mainly focus on the following issues for PDSCH CE:

· Issue 1: How UE derives the timing relationship between (E)PDCCH and PDSCH

· Issue 2: When will the HARQ feedback occur after decoding PDSCH

· Issue 3: How to determine the multiple repetition levels 

Issue 1: How UE derives the timing relationship between (E)PDCCH and PDSCH

The assigned PDSCH is transmitted k (k>0) subframes later than the end of (E)PDCCH. In the RAN1#75 meeting, it was agreed that the timing relationship shall not be configurable by higher layer parameter dedicated only for the notification purpose and shall not be indicated by (E)PDCCH. To ensure that it is known by UE, a natural way is to fix the timing relationship in the specification with a timing offset between (E)PDCCH and PDSCH. In detail, there are two options for this: one is to fix the value k directly, and the other is to fix a value, for example named k’ which is the number of subframes between the starting of (E)PDCCH repetition and PDSCH. The difference of these two options is whether to take the multiple repetition levels into account when deriving the offset k or k’. However since UE knows the initial subframe of (E)PDCCH repetitions and the amount of repetitions which can be HL signaled or blindly detected, to start PDSCH decoding simply by applying a fixed value of k is straightforward 
According to the above analysis, we prefer to using k. The exact value of k is FFS, but no less than 1 taking the decoding time of PDCCH into account. For EPDCCH of which the resource could be assigned to the end symbol of the corresponding subframe, the indicated PDSCH is expected to start from the location of k=2.
Proposal 1: Fix the timing offset between the end subframe of (E)PDCCH repetition and the starting subframe of PDSCH to a single value by specification, e.g. k=1 for PDCCH and k=2 for EPDCCH.

Issue 2: When will the HARQ feedback occur after decoding PDSCH

Regarding HARQ timing, in the current FDD system without CE, the UE shall use the PUCCH resource in subframe n+4 to transmit HARQ-ACK for a PDSCH transmission indicated by the detection of a corresponding PDCCH in subframe n. The reason for setting the gap to 4 is the decoding time of eNB or UE and corresponding transmitting/receiving time should be taken into account within a HARQ round trip time (RTT). Hence in the CE scenario, a gap no less than 4 should be maintained. To avoid more collisions of PDSCH transmission between legacy UEs without CE and MTC UEs with CE and scheduling complexity, we propose to reuse the same gap between the end of PDSCH repetition and corresponding PUCCH. Specifically, if the final PDSCH repetition is in subframe n’, the corresponding HARQ-ACK is expected to be sent in subframe n’+4.
Proposal 2: Define the final PDSCH repetition is in subframe n’, then its HARQ-ACK is sent in subframe n’+4.
Issue 3: How to determine the multiple repetition levels 

Repetition of PDSCH across multiple subframes for CE had been agreed, but no conclusion on how to specify the repetition. In our view, the key factor is to determine the TTI bundle size. In order to reach a target PHY BLER performance (e.g., 1%), a larger bundle size leads to fewer bundles. In addition, this larger size is beneficial for latency reduction, and also reduces the amount of scheduling control signaling for a transport block during its HARQ process if one scheduling control signaling for each bundle is assumed. However, a larger TTI bundle size possibly decreases the benefit from early termination of transmission. In addition, the impact of a missed or incorrectly decoded control channel may also need to be considered. Therefore, a balance between early termination and the amount of control resource should be considered.

In RAN1#75 meeting, it was agreed that multiple repetition levels in the time domain are specified. Correspondingly, multiple bundle size could be determined by different CE levels, for example, 5dB CE, 10dB CE and 15dB CE. In the study item, a 10% initial BLER is used to evaluate the amount of repetition for each CE level (note that the initial BLER requirement in non-CE mode is 10% as well). To avoid increasing the amount of scheduling control signaling in CE mode, it is proposed to use 10% initial BLER as performance target to define bundle size within each CE level. The same mechanism can also be applied to PUSCH.

Proposal 3: Use 10% initial BLER as performance target to define the bundle size for each CE level.
2.2.2 PUSCH

It is agreed that HARQ was supported for PUSCH CE, but FFS on how to realize the HARQ functionality. Basically there are two options: 

· Option 1: HARQ functionality is implemented by (E)PDCCH 

· Option 2: HARQ functionality is implemented by PHICH repetition 
For option 1, HARQ functionality is implemented by UL grant in (E)PDCCH. The UE is assumed to successfully transmit a packet when UL grant is not detected, then it indicated “ACK” from its PHY to its MAC. Otherwise, “NACK” is indicated by UL grant. The benefits of option 1 is that no additional specification effort is introduced considering all specification impacts could be captured in (E)PDCCH CE session, however it may degrade the spectral efficiency as other bits except NDI in the UL grant are not necessary for retransmission.

For option 2, PHICH repetition across multiple subframes is used. The main benefit of this option might be spectral efficiency. In our previous simulation result [4] within CE mode some benefits of PHICH can be observed on spectral efficiency and power consumption which is aligned with the above analysis. 
However the situation is changing in the Rel-13 MTC as the new low-complexity UEs shall be scheduled on 1.4MHz system bandwidth. This implies that legacy PHICH channel cannot be applied directly to the NB MTC UEs with CE. Considering that EPDCCH with less resource could be allocated in the NB system for the Rel-13 MTC UEs, the issue of spectral efficiency of EPDCCH could be mitigated. We have

Proposal 4: EPDCCH can be applied to the new MTC UEs with CE to realize HARQ feedback for the corresponding PUSCH.
2.3 Further considerations on Rel-13 MTC data transmission
For Cat 0 UEs, there was no change to the number of HARQ processes in FDD, TDD and HD-FDD.
On the other hand, to specify a new Rel-13 low complexity UE category/type for MTC operation in any LTE duplex mode, the Rel-13 MTC WID stated that reduced physical data channel processing (e.g. relaxed downlink HARQ time line or reduced number of HARQ processes) could be considered for the new target. In this case, the HARQ design for MTC UEs in normal coverage could be different from that in Rel-12. Furthermore, it is agreed in the WID that 

· 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.
Thus, if a new HARQ design, e.g. new HARQ timing, for data transmission for the purpose of complexity reduction is introduced, it is beneficial to reuse the new design for data transmission in CE mode also; otherwise more efforts can be expected to define another new HARQ timing for coverage enhanced UEs. Note that in the latter case there would be a possibility of many HARQ designs operating in the same network for various UEs: legacy UEs, legacy UEs with TTI bundling or enhanced TTI bundling, Rel-13 MTC UEs in normal coverage and MTC UEs in enhanced coverage but with multiple repetition levels. The resource collision issue, e.g. ACK/NACK resource in PUCCH or PHICH, may become very serious and scheduling complexity may significantly increase.
According to the above, we have that

Observation: New HARQ timing as one of the candidate techniques for reducing complexity for the new MTC UEs may significantly impact the HARQ design and realization of MTC UEs with CE.
3 Conclusions
In this contribution we recalled the remaining issues from the Rel-12 MTC work item and provided our thoughts and analysis on the technical solutions taking the new Rel-13 MTC target into account. We have the following proposals:
Proposal 1: Fix the timing offset between the end subframe of (E)PDCCH repetition and the starting subframe of PDSCH to a single value by specification, e.g. k=1 for PDCCH and k=2 for EPDCCH.

Proposal 2: Define the final PDSCH repetition is in subframe n’, then its HARQ-ACK is sent in subframe n’+4.
Proposal 3: Use 10% initial BLER as performance target to define the bundle size for each CE level.
Proposal 4: EPDCCH can be applied to the new MTC UEs with CE to realize HARQ feedback for the corresponding PUSCH.
and an observation:
Observation: New HARQ timing as one of the candidate techniques for reducing complexity for the new MTC UEs may significantly impact the HARQ design and realization of MTC UEs with CE.
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