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1 Introduction

During RAN #67 meeting, “Revised WID: Further LTE Physical Layer Enhancements for MTC” ([1]) was approved. One objective of this work item is 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.
In RAN1 #80 meeting, agreements on downlink control channel were listed below:
· For Rel-13 low complexity UE in enhanced coverage, the following techniques related to at least unicast PDSCH should be supported

· In order to allow cross-subframe channel estimation, PRB position is the same during at least X subframes 

· X value and configuration are FFS

· This does not preclude dis-continuous transmission for unicast PDSCH

· Frequency hopping is supported over the system BW

· If/when frequency hopping is applied, frequency location should be switched every Y consecutive subframes, where Y is equal to or larger than X, assuming re-tuning time is included in Y. 

· Configurability is FFS 

· FFS: Other techniques

· For UEs in enhanced coverage:

· Repetition/bundling of PDSCH across multiple subframes is supported

· Multiple repetition/bundling levels in time domain are supported

· Confirm the following Rel-12 agreements for Rel-13 MTC UEs in enhanced coverage

· If/When PDSCH is indicated via physical downlink control channel for MTC:

· The relation of PDSCH timing to physical downlink control channel for MTC timing shall be known to UE.

· Assigned PDSCH is transmitted not before end of physical downlink control channel for MTC, i.e., if subframe n is the last physical downlink control channel for MTC repetition then PDSCH start n + k (k > 0).

Considerations on PDSCH enhancement for Rel-13 low complexity UEs and detailed analysis on coverage enhancement and power consumption for PDSCH are discussed in this contribution.
2 Narrow band for PDSCH

Followings are three options about the narrow band allocation for PDSCH.
Option 1: The narrow band for PDSCH can be in any position of the entire system bandwidth. That is, Rel-13 low complexity UEs can be scheduled in any PRB(s) within any 6 consecutive PRBs.
Option 2: The entire bandwidth is divided into multiple non-overlapped narrow bands, and Rel-13 low complexity UE’s PDSCH can be scheduled within one of them. For example, 20MHz system bandwidth is predefined as 16 or 17 non-overlapped narrow bands. Compared with option 1, the scheduling flexibility of this option is slightly worse, but the overhead of resource allocation may be less.
Option 3: Some PDSCH dedicated narrow bands are predefined or semi-static configured by eNB for Rel-13 low complexity UEs. If the number of the narrow bands is small enough, the overhead of resource allocation will be further reduced compared with option 2.
In downlink, the legacy UEs may be scheduled based on the RBGs. For option 2 and 3, in order to reduce impact on scheduling of legacy UEs, narrow band allocation should try to avoid fragmenting the RBGs as much as possible. Then, narrow bands may be aligned with RBGs. 
Observation 1: The configuration of narrow bands would be influenced by the positions of RBGs.
3 The relation of PDSCH timing to (E)PDCCH
In RAN1 #80 meeting, it was confirmed that “for Rel-13 MTC UEs in enhanced coverage, If/When PDSCH is indicated via physical downlink control channel for MTC, assigned PDSCH is transmitted not before end of physical downlink control channel for MTC, i.e., if subframe n is the last physical downlink control channel for MTC repetition then PDSCH start n + k (k > 0)”. It is not clear whether or not uniform “k” value is used for different coverage enhancement levels. 

Even for maximum coverage enhancement level, the corresponding “k” value will not be very large and usually no more than 4 on consideration of processing time. Since Rel-13 low complexity UEs in enhanced coverage is delay tolerant, the delay caused by “k” value will be ignorable. Multiple “k” values will bring more standardization work and implementation complexity, which is not helpful for cost reduction. Considering specification impact and common design, fixed “k” value is more preferable. The relation of PDSCH timing to EPDCCH timing should be confirmed and the interval value k should be fixed in the specification.

Proposal 1: Time offset value ‘k’ is fixed in specification, and the same “k” value is used for different coverage enhancement levels of PDSCH timing to EPDCCH timing. 

4 Transmission Mode Analysis
From current agreement, both CRS based and DMRS based transmissions can be supported for Rel-13 low complexity UEs. CRS based transmission is used for PBCH repetition and DMRS based transmission is used for EPDCCH repetition in enhanced coverage. Either CRS based or DMRS based transmission could be used for PDSCH transmission. For Rel-13 low complexity UEs, it can support all TMs as category 1 UE with rank = 1.For UEs in enhanced coverage, if DMRS based transmission mode is used for non-MBSFN subframs, MBSFN subframes can also be used for PDSCH repetition. In this case, one TM for all subframes (including possible MBSFN subframes) is semi-statically configured via higher layer signaling in one repetition cycle.
On the other hand, if CRS based transmission is used for non-MBSFN subframes, PDSCH transmission delay may be larger since MBSFN subframes cannot be used for PDSCH repetition with CRS based transmission mode. In order for latency reduction, MBSFN subframes can be considered for PDSCH repetition. In this case, CRS based transmission mode is used for non-MBSFN subframes and DMRS based transmission is used for available MBSFN subframes, at least two legacy TMs are needed in one PDSCH repetition cycle. Definition for new transmission mode may be needed for PDSCH repetition.
Proposal 2: Both CRS based transmission mode and DMRS based transmission mode should be supported for Rel-13 low complexity UEs and UEs in enhanced coverage. 
5 Coverage Enhancement analysis

5.1 Coverage Enhancement Level
For UEs in enhanced coverage, multiple repetition/bundling levels in time domain are supported. Similar to PRACH, three repetition levels can be supported for PDSCH, corresponding to coverage enhancement of 5/10/15dB or 6/12/18dB.
The initial coverage enhancement level (CL) of unicast PDSCH can be set to maximum CL or be determined by associated PRACH CL implicitly. CL of unicast PDSCH may be adjusted according to RSRP/RSRQ. eNB can semi-statically adjust CL by higher layer, or dynamically adjust CL by physical layer.

There may be one fixed or multiple selectable repetition times for each CL. In order to improve the system efficiency, a fixed repetition times for PDSCH can be determined for each CL. The eNB and UE should reach a consensus on repetition times for each CL. Further, each coverage enhancement level may correspond to one default repetition times, and  the specific repetition times for PDSCH can be further adjusted according to physical layer or high layer signaling. 

Proposal 3: Three repetition levels for PDSCH repetition can be supported and repetition level of PDSCH can be adjusted. Repetition times of each repetition level could be adjusted.
5.2 Techniques of Coverage Enhancement
· Cross-subframe channel estimation
In RAN1 #80 meeting, it was agreed that “In order to allow cross-subframe channel estimation, PRB position is the same during at least X subframes. X value and configuration are FFS.”  Furthermore, in order to allow cross-subframe channel estimation, same precoding should be used during X subframes if PDSCH transmission is based on DMRS. X value for cross-subframe channel estimation could be configured by eNB. Besides, subframe channel estimation could be configurable because different UEs may have different reception capability. It is up to UE implementation whether to do cross-subframe channel estimation.
· Hopping

In RAN1 #80 meeting, it was agreed that “Frequency hopping is supported over the system BW. If/when frequency hopping is applied, frequency location should be switched every Y consecutive subframes, where Y is equal to or larger than X, assuming re-tuning time is included in Y.” When hopping is applied, narrow band location for hopping should be determined and can be configured by eNB. Since different hopping frequency (N=1, 4, 8, 16 SF) has little impact on hopping gains[2], it is preferable to use hopping granularity equal to or larger than X if cross-subframe channel estimation is applied. On consideration that PDSCH with different repetition levels could be multiplexed in the same narrow band, common hopping granularity for PDSCH seems more reasonable. Common hopping granularity could be the repetition times of the lowest repetition level or half of the repetition times. Similarly to cross-subframe channel estimation, hopping could be configurable because different UEs may have different reception capability. 
· Early termination of repetitions

PDSCH repetitions can be early terminated on consideration of changing of radio condition. Early termination can be further implemented by block transmission. In block transmission, hundreds number of repetition could be divided into some blocks to transmit successively. If the UE had successfully decoded the data before the last block by combination of previous blocks, resources allocated for the rest of block(s) transmission would be released. This would happen due to inaccurate repetition times or dynamic channel change. This would bring benefit when repetition times of feedback channels carried ACK/NACK is much less than that of PDSCH.

Similar to PUSCH ([3]), shorten CRC could also be considered for PDSCH to reduce repetition times.
Proposal 4: Cross-subframe channel estimation and hopping should be configurable. 
Proposal 5: Early termination of repetitions can be further considered for PDSCH to reduce power consumption or repetition times.
6 Conclusions
In this contribution, further considerations on PDSCH are discussed for Rel-13 low complexity UEs and UEs in enhanced coverage. We make the following observations and proposals:
Observation 1: The configuration of narrow bands would be influenced by the positions of RBGs.
Proposal 1: Time offset value ‘k’ is fixed in specification, and the same “k” value is used for different coverage enhancement levels of PDSCH timing to EPDCCH timing. 

Proposal 2: Both CRS based transmission mode and DMRS based transmission mode should be supported for Rel-13 low complexity UEs and UEs in enhanced coverage. 

Proposal 3: Three repetition levels for PDSCH repetition can be supported and repetition level of PDSCH can be adjusted. Repetition times of each repetition level could be adjusted.
Proposal 4: Cross-subframe channel estimation and hopping should be configurable. 

Proposal 5: Early termination of repetitions can be further considered for PDSCH to reduce power consumption or repetition times.
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