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1. Introduction
In RAN1 #72bis, the following observations and agreements have been made [1]:
Observations:

· To minimize system impact, it is important to only provide MTC UEs with the amount of coverage compensation that they need

· 36.888 sec 9.1 “Not all UEs will require coverage enhancement, or require it to the same amount. It should be possible to enable the techniques only for the UEs that need it.”

· The resources for the common channels (PBCH, PRACH) must target the worst condition MTC UE irrespective of the number of MTC UEs, and therefore are of significant importance for operational efficiency for operators

Agreements:
· The section 9.5 TPs addressing the common channels should include text on any observable diminishing returns for a technique

· Example: ~200 repetitions are required for 20dB, but ~50 repetitions are required for 17dB

· The RAN1#73 SI conclusion can capture diminishing returns with increase in resource utilization for coverage improvement

We agree that there are some important observations to be captured in the SI conclusion. In this contribution, we provide some TP to be considered for SI conclusion section.
2. Discussion
In our view, the following important points are worthwhile to be captured in SI conclusion:

1) Target of 20dB of coverage enhancement in the study and the resulting performance gap in section 9.2
2) The point in the observation: Since not all MTC UEs will require coverage enhancement, or require it to the same amount, it should be possible to enable the techniques only for the UEs that need it. Also in section 9.1, due to the impact on system spectral efficiency to serve MTC UEs requiring coverage enhancement, it is important to only provide MTC UEs with the amount of coverage compensation that they need.
3) System functionalities relaxation. Required functionalities considered in section 9.3.

4) Key observations of channels analyzed in section 9.5 (PSS/SSS, PBCH, PDSCH, PUSCH, (E)PDCCH, PUCCH)

5) Some common observations:

a. All channels, expects for PSS/SSS, may require some enhancement with spec impact. 
b. Repetition is one common solution evaluated, either for an existing channel or in a new design. Complementary techniques such as PSD boosting, payload reduction, RS power/density increase may help to reduce the number of repetitions. 
c. Required repetition, in the order of a hundred or more subframes, can make packet delivery and acknowledgment very costly in term of latency and spectral efficiency. 
6) Observed diminishing returns: Doubling the number of repetitions gets less than 3dB coverage gain. As the operational SNR point further decreases, the gain can get much smaller because the channel estimation at very low SNRs becomes a bottleneck.
7) Some recommendations:

a. Further optimize spectral efficiency in channel enhancement and possible simplification of system functionalities. 
b. Considering the impact on system spectral efficiency, it may be worthwhile to balance the coverage enhancement target with spectral efficiency cost. 
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Conclusion and recommendations
Cost reduction techniques have individually been analyzed in clause 6 and further cumulative reduction has been analyzed, for cost reduction and coverage impact in clause 7 of this TR. 
There are uplink and/or downlink coverage impacts for some of the proposed cost reduction techniques. E.g. Reduction in uplink transmit power significantly impacts uplink coverage performance and single receive RF chain impacts downlink coverage performance. 

Uplink transmit power reduction impacts UL spectral efficiency in comparison to normal LTE operation. Single receive antenna may have impact on DL spectral efficiency depending on the frequency band and antenna performance in comparison to normal LTE operation. Spectral efficiency for both UL and DL is expected to be better for low data rate MTC traffic with either or both of these techniques compared to that achieved for R99 GSM/EGPRS terminals in GSM/EGPRS networks today.
Some bandwidth reduction options have relatively large impact on specification of Radio Interface architecture and protocols; some of these aspects may be covered by the Enhanced DL control channel(s) work item. Reduced uplink transmit power and single receive RF chain may have relatively large impact for specification of radio performance aspect's. 
No eNodeB hardware upgrade is envisaged for any of the studied techniques. Support of cost reduction techniques is also envisaged to reduce power consumption cumulatively. Among the techniques studied, except for half duplex FDD, no other techniques result in degradation to latency for HARQ operation. 

Bill Of Material cost of LTE UE modem would be comparable to EGPRS modem if e.g. downlink bandwidth is reduced to 1.4 MHz, if downlink transmission modes are reduced, half duplex FDD is adopted, peak data rate is reduced with TBS restricted to 1000 bits and Single Rx chain is adopted.

Among the three techniques studied for peak data rate reduction, reduction of maximum transport block sizes for DL and UL (technique 1) has higher cost savings compared to other two techniques. Note that technique 3 (“restricting the maximum modulation order”) is not a recommended technique. 

At least Peak rate reduction with TBS restricted to 1000 bits and bandwidth reduction with transmission bandwidth reduced to 1.4 MHz are recommended as cost reduction techniques for low cost MTC UE. Transmission bandwidths of 3MHz and 5 MHz are not excluded if there is severe degradation in coverage when combined with other techniques e.g. single receive RF, though it is desired to preserve the cost savings. Half duplex FDD is expected to be supported at least as an optional feature for UE category specified for low-cost MTC devices. Since peak uplink transmission power reduction cannot meet the coverage requirements defined in the study item: it is not recommended as a cost saving technique for a low cost MTC device. In addition, coverage reduction should be entirely compensated to ensure same service coverage as LTE for the coverage limiting channel(s) with other techniques as a pre-requisite for adopting single receive RF chain or combinations including them. 

In addition, it is recommended to introduce an MTC-specific UE category and to restrict any MTC-related low-cost adopted technique to this new UE category only, as described in section 8.1.
For MTC UEs experiencing significantly greater penetration losses than normal LTE devices, coverage improvement concepts and techniques that target 20dB improvement in comparison to “category 1 UEs” were analyzed in clause 9. Such target resulted in the need of performance enhancement for all the uplink and downlink channels, though to a varying degree, ranging from a 20dB gap for PRACH (TDD) and PUSCH (FDD at 20kbps) to 11.4dB for PSS/SSS (FDD). Since not all MTC UEs will require coverage enhancement, or require it to the same amount, it should be possible to enable the techniques only for the UEs that need it. Due to the impact on system spectral efficiency to serve MTC UEs requiring coverage enhancement, it is important to only provide MTC UEs with the amount of coverage compensation that they need. 
System functionality requirement for large delay tolerant MTC UEs may be relaxed or simplified in comparison to that required by normal LTE UE. Hence mobility procedure, MBMS, location services, and some channels (e.g., PHICH, PCFICH) were not included in the analysis. Required system functionality were synchronization & cell search (PSS/SSS), system information broadcast (PBCH), random access procedure (PRACH), DL/UL data transmission (PDSCH/PUSCH) including DL/UL resource allocation mechanism (PDCCH/EPDCCH), and UL control (PUCCH). These physical channels and signals were analyzed in clause 9.5 under various concepts/techniques described in clause 9.4.

PSSS/SSS coverage enhancement target, which is up to 11.4dB and 17dB for FDD and TDD respectively, can be achieved by non-coherent accumulation of the existing PSS/SSS signals with a longer sync acquisition time than that for normal UEs (e.g., up to 2 seconds for initial synchronization). 

PBCH coverage enhancement target of up to 11.7dB for FDD can be achieved by combining repetition of the current PBCH on all 10 subframes of a radio frame with a PSD boosting of 4dB. More repetitions are needed (e.g., 35~95) without PSD boosting, but it will occupy a period of more than 40ms and the current MIB changes every 40ms. PBCH could also consume substantial resources in the center 6 PRBs with required repetitions. Hence, a new PBCH design could be considered based on various techniques. 

PRACH coverage enhancement target, which is up to 19dB for FDD and 20dB for TDD, can be achieved with a new preamble format and/or about 200 repetitions which can be reduced to about 100 times after relaxing mis-detection rate from 1% to 10%. Separate PRACH resources for MTC UEs requiring coverage enhancement and those do not is expected. In order to avoid excessive repetition, the number of repetitions may be adjusted based on the UE’s actual coverage status. 

PDSCH coverage enhancement target can be achieved with 100~200 repetitions for FDD and 200~300 for TDD. PUSCH coverage enhancement target can be achieved with around 200~1200 repetitions assuming 1 PRB allocation carrying 16~104 bits. Cross-subframe channel estimation requires a smaller number of repetitions than single-subframe channel estimation. RS power boosting and/or increased RS density may further improve the channel estimation performance. Required repetition for PUCCH depends on the format, e.g., 50~100 repetitions for PUCCH format 1a in FDD depending on different BLER target.

(E)PDCCH coverage enhancement target can be achieved by repetition too (e.g., 100-200 at aggregation level of 8 CCEs). Other techniques, for example, PSD boosting, compact DCI, higher aggregation level, may help to reduce the required number of repetition. Repetition of (E)PDCCH across multiple subframes will result in increased latency and increased overhead for the actual traffic payload to be conveyed. Small MTC packet payload may result in an even larger proportional overhead for control channel and CRC. Further analysis is needed concerning the overall system efficiency optimization.
All channels, expects for PSS/SSS, may require some enhancement with spec impact. Repetition is one common solution evaluated, either for an existing channel or in a new design. Complementary techniques such as PSD boosting, payload reduction, RS power/density increase may help to reduce the number of repetitions. For MTC UEs to coexist with legacy normal UEs, any new or enhanced channels must coexist with existing channels. Required repetition, in the order of a hundred or more subframes for (E)PDCCH, PDSCH/PUSCH, and PUCCH, can make packet delivery and acknowledgment very costly in term of latency and spectral efficiency. It is recommended to further optimize spectral efficiency in channel enhancement and possible simplification of system functionalities. Considering the impact on system spectral efficiency, it may be worthwhile to balance the coverage enhancement target with spectral efficiency cost. For example, doubling the number of repetitions gets less than 3dB coverage gain. As the operational SNR point further decreases, the gain can get much smaller because the channel estimation at very low SNRs becomes a bottleneck. 

---------------------------------------------------End text proposal-----------------------------------------------------
3. Conclusion
In this contribution, we provide some TP to be considered for SI conclusion section.
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