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7.2.4 Study on Provision of Low-cost MTC UEs based on LTE

SID in RP-121441.

Identification and evaluation of potential solutions targeting a 20dB improvement compared to “normal” LTE UEs.

7.2.4.1 PSS/SSS

R1-130885
Coverage analysis and evaluation on PSS/SSS for low-cost MTC Ues
Huawei, Hisilicon

R1-131178
Further performance analysis of PSS/SSS synchronization acquisition
MediaTek Inc.
R1-131461
Coverage enhancements for MTC - synchronization acquisition
Ericsson,ST-Ericsson
R1-131746
Way forward for PSS/SSS coverage improvement for MTC

Ericsson, CATT, Fujitsu, General Dynamics, Huawei, HiSilicon, LG Electronics, MediaTek Inc, Nokia, Nokia Siemens Networks, NTT DoCoMo, Sierra Wireless, ST-Ericsson, ZTE

Agreements:
· The coverage enhancement requirement for PSS/SSS can be achieved by longer acquisition time

· Initial synchronization requires up to 2 seconds for FDD per a center carrier frequency 

· Re-synchronization can be performed quicker

· PSD boosting can be considered a complementary solution

· New PSS/SSS design may need to be considered if the longer time and freq. acquisition and associated power consumption increase are not considered acceptable
· Prepare TP – Johan (Ericsson) for email approval until 26th April
Agreements:
· In addition to coverage enh. analysis, TP should include followings for all channel/signals
· Impact on specification
· Other impacts
· Power consumption
· Cell spectral efficiency
· Analysis/evaluation of cost reduction
R1-130957
Text Proposal for low-cost MTC coverage extension by power-density boosting
Sony

R1-131183
Text Proposal on section 9.5 Analysis of Physical Channels and Signals
MediaTek Inc.
R1-131294
TP for coverage enhancement of MTC UEs
LG Electronics

R1-131119
Downlink coverage improvement and evaluation for MTC UE
New Postcom
Section 2.1 only

R1-131143
Average cell search time analysis for MTC UEs
ETRI

R1-131226
PSS/SSS Coverage Improvement Performance Results for MTC
Nokia Siemens Networks, Nokia

R1-131295
PSS/SSS and PRACH Enhancement for Coverage-limiting UEs
LG Electronics
Section 2 only

R1-131467
Coverage improvements of synchronization signals for low-cost MTC Ues
Intel Corporation

7.2.4.2 PBCH

R1-130958
PBCH coverage extension for low-cost MTC UEs by power-density boosting
Sony

R1-131043
PBCH Correlation Decoder for MTC Coverage Improvement
Sierra Wireless

R1-131227
PBCH Coverage Improvement Performance Results for MTC
Nokia Siemens Networks, Nokia

R1-131745
Way forward for PBCH coverage improvement
Huawei, HiSilicon, Sony Europe, CATR, MediaTek Inc., Alcatel-Lucent, Alcatel-Lucent Shanghai Bell , CATT, Ericsson, ST-Ericsson, ITRI, Fujitsu, NSN, Nokia, GDBB, ZTE
Agreements:
· The coverage requirement for PBCH may be met with a combination of repetition of the current PBCH in each subframe and PSD boosting (e.g., 4dB) within 40ms (for FDD systems)
· Repetition alone cannot meet the coverage requirement for the current PBCH
· The coverage requirement for PBCH may alternatively be met with a new PBCH design (for TDD and FDD systems) 
· A new design can consider: a longer period, reduced MIB content, intermittent transmission. Repetitions and/or PSD boosting will be helpful for new design to meet the requirement
· Also other system information that needs to be broadcasted to enhanced coverage MTC UEs beside MIB contents can be considered in the new PBCH design
· Other low rate coding schemes or spreading can be considered for new design
· Further study could determine if there is a benefit of
· Using implementation-based solution such as new decoding techniques
· Prepare TP – June (HiSilicon) for email approval until 26th April
R1-130886
Further analysis and evaluation for PBCH coverage improvement for MTC
Huawei, Hisilicon

R1-130938
PBCH coverage extension for MTC devices
Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

R1-130982
PBCH coverage improvement for low-cost MTC UEs
CATT

R1-131015
PBCH coverage enhancements for low-cost MTC UEs
Samsung

R1-131053
Coverage Improvement Analysis of Physical Broadcast channel for TR36.888 and text proposal
ZTE

R1-131096
PBCH related issues of Low-cost MTC UEs based on LTE
Fujitsu

R1-131179
Coverage Analysis of  PBCH and System Information Transmission for MTC UEs
MediaTek Inc.

R1-131296
PBCH and SIB Enhancement for Coverage-limiting UEs
LG Electronics

R1-131397
PBCH coverage enhancement
Qualcomm Inc.

7.2.4.3 PRACH

R1-130887
Analysis and evaluation on PRACH coverage improvement for low-cost MTC Ues
Huawei, Hisilicon

R1-130983
Further evaluation and consideration on PRACH repetition for low-cost MTC UEs
CATT

R1-131054
Coverage Improvement Analysis of PRACH for TR36.888 and text proposal
ZTE

R1-131401
Enhancement to small cells for MTC
Qualcomm Inc.

R1-131398
PRACH coverage enhancement
Qualcomm Inc.
R1-131744
Way forward on PRACH coverage improvement
Huawei, HiSilicon, CATT, Ericsson, ST-Ericsson, NTT Docomo, MediaTek Inc., CATR, Fujitsu, Alcatel-Lucent, Sierra Wireless, LGE, NSN ,Nokia, ZTE 

Agreements:
· The coverage requirement of PRACH can be achieved by preamble repetition and/or new preamble format

· PRACH resources for coverage limited MTC UEs need to be defined and allocated

· Relaxing PRACH miss probability will make it easier to meet the coverage requirement, and can be used in addition to repetition and/or new preamble format for PRACH coverage improvement
· System impacts should be clarified including collision probability increase, PRACH latency increase

· As a complement to the other techniques, PSD boosting over a narrower bandwidth may be considered
· Prepare TP – Ningbo (Huawei) for email approval until 26th April
Note:

· Include RAN1 #72 following observation of PRACH in TP
· PRACH can be used to inform eNB the amount of coverage enhancement a low cost MTC UE needs
R1-131753
Observations and way forward on small cells for MTC
Huawei, HiSilicon, Ericsson, ST-Ericsson, Qualcomm
Observations:
· Coverage enhancement must be provided for scenarios where no small cells are deployed
· An operator may decide to deploy additional macro or LPN sites to achieve a coverage benefit

· For deployments that already contain small cells, there may be a benefit to allow decoupled UL and DL for delay tolerant MTC UEs

Agreements:
· A section is added to 9.4 to capture the above observations on the technique of using small cells

· Prepare TP (Hao Xu – Qualcomm) for email approval until 26th April
· Email discussion can also discuss details of the proposal, and additional text that could be added to the PRACH section

R1-130939
PRACH coverage extension for MTC devices
Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

R1-131097
PRACH issues of Low-cost MTC UEs based on LTE
Fujitsu

R1-131120
Uplink coverage improvement and evaluation for MTC UE
New Postcom

R1-131134
On PRACH Coverage Improvement for Low-cost MTC UE
China Telecom

R1-131295
PSS/SSS and PRACH Enhancement for Coverage-limiting UEs
LG Electronics
Section 3 only

R1-131420
Coverage Enhancement Analysis for PRACH
NTT DOCOMO

R1-131463
Coverage enhancements for MTC - random access
Ericsson,ST-Ericsson

7.2.4.4 PDSCH/PUSCH

R1-131135
On PDSCH/PUSCH Coverage Improvement for Low-cost MTC UE
China Telecom
R1-131297
PDSCH/PUSCH/(E)PDCCH and DMRS Enhancement for Coverage-limiting UEs
LG Electronics
Section 2, 4 only

R1-131370
PDSCH/PUSCH coverage improvements for low-cost MTC  
Renesas Mobile Europe Ltd

R1-131518
Downlink data transmission for coverage enhancement in MTC UE
Motorola Mobility
R1-131637
PUSCH Coverage Enhancement for Low Cost MTC
NEC Group
Revision of R1-131265
R1-131104
MTC coverage improvement through spreading code
Institute for Information Industry (III)

R1-131119
Downlink coverage improvement and evaluation for MTC UE
New Postcom
Section 2.2 only

R1-131507
Simulation results for PUSCH and PDSCH coverage enhancement
CATR
R1-131737
Way forward on PDSCH coverage improvement
CATT, Sony Europe, Huawei, HiSilicon, CATR, New Postcom, NEC, MediaTek Inc., Ericsson, ST-Ericsson, LGE, Nokia Siemens Networks, Nokia, Sierra Wireless, ZTE

Agreements:
· The coverage requirements for PDSCH can be met by time domain repetition
· Cross-subframe channel estimation requires less number of repetition times than single-subfame channel estimation
· RS power boosting and/or increased  RS density may further improve the channel estimation performance
· PSD boosting for PDSCH can help to improve the coverage
· Prepare TP – Yanping (CATT) for email approval until 26th April
R1-131741
Way Forward on PUSCH coverage enhancement
LG Electronics, CATT, CATR, MediaTek Inc., Huawei, HiSilicon, NEC, Nokia, Nokia Siemens Networks 
Agreements:
· PUSCH coverage enhancement requirement for MTC UE can be achieved by repetition
· Channel estimation over multiple subframes could be helpful to reduce the number of repetitions
· Nevertheless, compared to PDSCH case, relatively larger number of repetitions would be required for the PUSCH coverage
· Selection of TBS needs to consider the spectral efficiency and channel coding gain 
· Complementary schemes can be considered to reduce the number of repetitions, for example
· Increased DMRS density
· PSD boosting
· Frequency hopping during repetition

· Shorter length CRC

· Code spreading

· Companies may bring potential PUSCH performance issues at the next meeting
· Prepare TP – Sukchel (LG) for email approval until 26th April
R1-130888
Coverage analysis and evaluation on PDSCH/PUSCH and Reference Signals for low-cost MTC UEs
Huawei, Hisilicon
R1-130940
Evaluation of repetitions technique on PDSCH/PUSCH for MTC coverage extension
Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

R1-130959
PDSCH coverage extension for low-cost MTC UEs by power-density boosting
Sony

R1-130984
Further evaluation and analysis on data channel repetition for low-cost MTC UEs
CATT

R1-131016
PDSCH/PUSCH coverage improvement techniques for low-cost MTC UEs
Samsung

R1-131055
Coverage Improvement Analysis of data channel for TR36.888 and text proposal
ZTE

R1-131180
Coverage Analysis of PDSCH and Enhancement Techniques for MTC UEs
MediaTek Inc.

R1-131181
Coverage Analysis of PUSCH and Enhancement Techniques for MTC UEs
MediaTek Inc.

R1-131228
PDSCH/PUSCH Coverage Improvement Performance Results for MTC
Nokia Siemens Networks, Nokia

R1-131266
PDSCH Coverage Enhancement for Low Cost MTC
NEC Group

R1-131399
Data channel coverage enhancement
Qualcomm Inc.

R1-131464
Coverage enhancements for MTC - data transmission
Ericsson,ST-Ericsson
7.2.4.5 (E)PDCCH

R1-131056
Coverage Improvement Analysis of (E)PDCCH for TR36.888 and text proposal
ZTE
R1-131229
(E)PDCCH Coverage Improvement Performance Results for MTC
Nokia Siemens Networks, Nokia

R1-131748
Way Forward for PDCCH/EPDCCH coverage enhancement
MediaTek Inc., Huawei, HiSilicon, Ericsson, ST-Ericsson, Sony Europe, ITRI, Fujitsu, CATT, ZTE, Nokia Siemens Networks, Nokia, New Postcom, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, CATR, NEC Group, LG Electronics

Agreements:
· Repetition of (E)PDCCH across multiple subframes is required to achieve the coverage enhancement target 

· Specification impact may exist, such as starting subframe of first transmission, the maximum number of repetitions, timing relationship between PDSCH and (E)PDCCH

· PSD boosting can help to reduce the required number of repetition

· The new design of downlink control channel, for example compact DCI, higher aggregation level, can help to reduce the required number of repetition

· Note that control overhead should be considered for further analysis in the potential WI phase, concerning the overall system efficiency optimization
· Prepare TP – Feifei (Mediatek) for email approval until 26th April
R1-130889
Coverage analysis on (e)PDCCH and PUCCH for low-cost MTC UEs
Huawei, Hisilicon
Section 2 only

R1-130941
(E)PDCCH coverage extension for MTC devices
Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

R1-130960
PDCCH coverage extension for low-cost MTC UEs by power-density boosting
Sony

R1-131017
(E)PDCCH coverage enhancements for low-cost MTC UEs
Samsung

R1-131119
Downlink coverage improvement and evaluation for MTC UE
New Postcom
Section 2.3 only
R1-131182
Coverage Analysis of Downlink Control Channel and Enhancement Techniques for MTC UEs
MediaTek Inc.

R1-131297
PDSCH/PUSCH/(E)PDCCH and DMRS Enhancement for Coverage-limiting UEs
LG Electronics
Section 3 only
R1-131465
Coverage enhancements for MTC - resource allocation
Ericsson,ST-Ericsson

7.2.4.6 PUCCH

R1-130942
PUCCH coverage extension for MTC devices
Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

R1-131018
PUCCH coverage improvement techniques for low-cost MTC Ues
Samsung

R1-131742
Way forward on PUCCH coverage enhancement
ZTE ,Nokia , Nokia Siemens Networks, Huawei, HiSilicon, MediaTek Inc, CATT, CATR, LG Electronics, Ericsson, ST-Ericsson 
Agreements:
· The coverage requirements for PUCCH format 1a can be met with time domain repetition
· Further evaluation could show whether the following contents could be reduced or eliminated
· SR

· CSI

· HARQ-ACK
· Prepare TP – Shupeng (ZTE) for email approval until 26th April
R1-130889
Coverage analysis on (e)PDCCH and PUCCH for low-cost MTC UEs
Huawei, Hisilicon
Section 3 only
R1-131057
Coverage Improvement Analysis of PUCCH for TR36.888 and text proposal
ZTE

R1-131230
PUCCH Coverage Improvement Performance Results for MTC
Nokia Siemens Networks, Nokia

R1-131466
Coverage enhancements for MTC - on the need for PUCCH
Ericsson,ST-Ericsson

7.2.4.7 Other

R1-131098
MTC traffic model concerning triggered reporting
Fujitsu
R1-131767
MTC traffic model concerning triggered reporting
Fujitsu
Note:

· Delete the last row in Table A.2 in TR36.888
· For any potential further PRACH overload analysis, R1-131767 could be used as a reference

TR update
R1-131623
Update to TR 36.888 to include agreements from RAN1#72
Vodafone Group

Agreements:
· Agreed R1-131623

Agreements:
· Prepare TP for Section  9.3 – Prakash (Vodafone) for email approval until 3rd May

· Prepare TP for TR36.888 update including RAN1 #72bis meeting agreements until the next meeting – Prakash (Vodafone)

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

R1-131400
Performance evaluation of MTC coverage
Qualcomm Inc.

