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6.2.6 NB-IoT
WID in RP-151621.
R1-157695
Latest version of evaluations 
Huawei

To be taken as the baseline for further additions. 

To  be revised in R1-157703 – companies are encouraged to check this overnight – to be endorsed at the beginning of Thursday’s session.

Clean version in R1-157736 – Endorsed. 

Updated in R1-157741 – Endorsed. 

R1-157783
Way Forward on NB-IoT
CMCC, Vodafone, Ericsson, Huawei, HiSilicon, Deutsche Telekom, Mediatek, Qualcomm, Nokia Networks, Samsung, Intel, Neul, CATR, AT&T, NTT DOCOMO, ZTE, Telecom Italia, IITH, CEWiT, Reliance-Jio, CATT, u-blox, China Unicom, LG Electronics, Panasonic, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, China Telecom 
Also supported by Verizon
Agreement: 
· Proposal for NB-IoT UL

· Single-tone transmissions are supported

· 2 numerologies should be configurable for Single-tone transmission: [3.75]kHz and 15kHz

· A cyclic prefix is inserted

· Frequency domain Sinc pulse shaping in the physical layer description

· Multi-tone transmissions are supported

· Multi-tone transmissions are based on SC-FDMA

· 15 kHz UL subcarrier spacing

· Additional mechanisms for PAPR reduction FFS

· The UE shall indicate the support of Single-tone and/or Multi-tone
· Details to be discussed by WGs

· Proposal for NB-IoT DL

· Downlink transmission with 15kHz subcarrier spacing for all the scenarios: standalone, guardband, in-band 

R1-157740
LS to RAN Plenary on NB-IoT
Huawei

Delete the word “proposals”

cc SA2

Update WI code

Agreed with these changes in R1-157742.
6.2.6.1 Evaluations

R1-157341
Summary of evaluation results
Huawei, HiSilicon
R1-157647
Summary of evaluation results (offline session Tuesday PM)
Huawei, HiSilicon
Agreement: 

· The sections on summarizing the evaluation results (note: this excludes observations/conclusion) in R1-157647 are agreed to be used as a baseline

· Additional update on the results can be done throughout the week

· Also possible to add new tables such as complexity summary
The following observations are agreed, to be included in the document with the evaluation results:
· Further discussion offline on identifying the relevant observations which are based on input from a single resource and reflect such identification in the corresponding observations
· Note: the agreed observations below may not be complete; further addition of observations are still possible

· On UL exception report latency observations

· Note: 

· The observations summarized below are based on the evaluation results which are impacted by both the assumed numerology and the assumed protocols. 

Observations A: Standalone operation

A1. DL 15 kHz with UL 2.5 kHz SC-FDMA meets the UL exception report latency for each target MCL value with 99% confidence.

A2. UL 2.5 kHz FDMA meets the UL exception report latency for each target MCL with 99% confidence, for both DL subcarrier spacings.

A3. UL 2.5 kHz FDMA achieves lower UL exception report latency with DL 3.75 kHz subcarrier spacing than with DL 15 kHz subcarrier spacing, at each target MCL with 90% and 99% confidence.

Observations B: Guard-band operation

B1. DL 15 kHz with UL 2.5 kHz SC-FDMA meets the UL exception report latency for each target MCL value with 90% confidence.
B2.  The DL 15 kHz with UL 2.5 kHz SC-FDMA meets the UL exception report latency for each target MCL value with 99% confidence.

B3. UL 2.5 kHz FDMA meets the UL exception report latency for each target MCL value with 99% confidence, for both DL subcarrier spacings.

Observations C: In-band operation

C1. DL 15 kHz with UL 2.5 kHz SC-FDMA, 6 dB PSD boosting, and no MBSFN subframes meets the UL exception report latency for each target MCL value with 99% confidence.

C2. DL 15 kHz with UL 2.5 kHz FDMA, 6 dB PSD boosting, and no MBSFN subframes meets the UL exception report latency for each target MCL with 99% confidence.

C3. With 3 dB PSD boosting, and no MBSFN subframes, the UL exception report latency target is not met with 99% confidence for 164 dB MCL for either UL modulation. It is met by UL 2.5 kHz FDMA for 144 dB and 154 dB MCL.

C4. With 6 MBSFN subframes, and 6 dB PSD boosting, the UL exception report latency target is not met with 99% confidence for 164 dB MCL for either UL modulation. It is met by UL 2.5 kHz FDMA for 144 dB and 154 dB MCL.

· On capacity:

Observations A: Standalone operation

A1. UL 2.5 kHz SC-FDMA and UL 2.5 kHz FDMA both meet the UL capacity target.

A2. DL 15 kHz and DL 3.75 kHz both meet the capacity target.

A3. UL FDMA 2.5 kHz achieves higher uplink capacity than UL FDMA 5 kHz.

Observations B: Guard-band operation

B1. UL 2.5 kHz SC-FDMA and UL 2.5 kHz FDMA both meet the UL capacity target.

B2. DL 15 kHz and DL 3.75 kHz both meet the capacity target.

B3. UL FDMA 2.5 kHz achieves higher uplink capacity than UL FDMA 5 kHz.

Observations C: In-band operation

C1. UL 2.5 kHz SC-FDMA and UL 2.5 kHz FDMA both meet the UL capacity target.
C2. DL 15 kHz meets the capacity target.
C3. UL FDMA 2.5 kHz achieves higher uplink capacity than UL FDMA 5 kHz.

· On coverage:

· Both UL single-tone SC-FDMA and UL single sub-channel FDMA meet the extended coverage/data-rate target for UL in all deployment scenarios.
· Both DL 15 kHz and DL 3.75 kHz meet the extended coverage/data-rate target for DL in standalone and guard-band deployment. DL 15 kHz also meets the extended coverage/data-rate target for DL in in-band deployment.
Note:

· Companies are encouraged to send updated results, if any, by Wed. morning

6.2.6.1.1 Stand-alone operation
Link level evaluation
R1-157536
NB-IoT performance evaluation: Stand-alone operation
Intel Corporation
Revision of R1-156525
R1-156541
Link performance results for stand-alone operation
TSDSI

R1-156800
Downlink Performance Evaluations for Standalone Operation
Samsung

R1-157065
On DL Tone Spacing for Standalone Operation
Qualcomm Inc.

R1-157244
Performance Comparison of 3.75 kHz and 15 kHz Sub-carrier Spacing
Nokia Networks

R1-157245
Stand-alone Deployment using GSM Spectrum Mask
Nokia Networks

R1-157246
Coverage Evaluation for Stand-alone Operation
Nokia Networks

R1-157339
Downlink coverage evaluation in standalone operation
Huawei, HiSilicon
R1-156466
Uplink coverage evaluation
Huawei, HiSilicon

R1-157388
NB-IoT - Random Access Evaluation in Standalone Deployment
Ericsson

R1-157389
NB-IoT - Uplink Shared Channel Evaluations in Standalone Deployment
Ericsson

R1-157392
NB-IoT - Performance of FDMA with GMSK
Ericsson

R1-157393
NB-IoT - Random Access Evaluation in Standalone Deployment
Ericsson

R1-157397
NB-IoT - SC-FDMA UL spectrum characteristics, PAPR, and relative cubic metric
Ericsson

R1-157399
NB-IoT - SC-FDMA and GMSK power efficiency comparison
Ericsson

R1-157425
NB-IoT - Random Access Capacity
Ericsson
Capacity
R1-156468
Uplink capacity evaluation in standalone operation
Huawei, HiSilicon

R1-157248
NB IoT – Capacity evaluation
Nokia Networks

R1-157338
Downlink capacity evaluation in standalone operation
Huawei, HiSilicon

R1-157575
NB-IoT - System level evaluation and comparison - standalone
Ericsson
Revision of R1-157398
Latency

R1-157464
Exception report latency evaluation in standalone operation
Huawei, HiSilicon
Revision of R1-156467

R1-157243
Latency Evaluation for Stand-alone Operation
Nokia Networks

R1-157364
Exception report latency evaluation in standalone operation
China Unicom

R1-157391
NB-IoT - Exception report latency comparison for standalone operation
Ericsson

Energy consumption

R1-157465 
UE energy consumption evaluation in standalone operation
Neul, Huawei, HiSilicon
Revision of R1-156469

R1-157247
NB IoT – Battery lifetime evaluation in standalone operation
Nokia Networks

R1-157366
UE Energy consumption evaluation in standalone operation
China Unicom

R1-157390
NB-IoT - Battery lifetime comparison for standalone operation
Ericsson

Others

R1-156705
Consideration on PSD Boosting in In-band NB-IoT
Sony Corporation

R1-157394
NB-IoT - Impacts of Downlink TX filter
Ericsson
R1-156524
On device complexity for NB-IoT
Intel Corporation

R1-157340
UE Complexity analysis
Neul, Huawei, HiSilicon

R1-157395
NB-IoT - Base Station Complexity
Ericsson
R1-157396
NB-IoT - Summary of Evaluations for Standalone Deployment
Ericsson

Discuss further offline summarizing – Matthew (Huawei)
· The evaluation results

· Note: the simulation assumptions associated with the evaluation results will refer to each individual contribution, without the need to explicitly mention PAPR/CM/synchronization error/filtering design. 

· With a note that: the assumptions regarding PAPR/CM/synchronization error/filtering design can be found in each individual reference. 

· Observations (with respect to the requirements, comparison of various options, etc.) especially regarding the following objectives:

· Coverage

· Capacity

· Energy consumption

· Latency

· Device complexity (including UE and BS)

· Link-level coexistence

· Summary/conclusion
6.2.6.1.2 Guard-band operation
General performance
R1-156473
Uplink link level performance in guard-band operation
Huawei, HiSilicon

R1-156526
NB-IoT performance evaluation: Guard-band operation
Intel Corporation
R1-157537
R1-156801
Downlink Performance Evaluations for Guard-band Operation
Samsung

R1-157249
Coverage Evaluation for Guard-band Operation
Nokia Networks

R1-156968
DL Performance Evaluation for Guard-band Operation 
MediaTek Inc.

R1-157404
NB-IoT - Uplink link level coexistence in guard band - interference to LTE
Ericsson

R1-157335
Downlink link level performance in guard-band operation
Huawei, HiSilicon

R1-157336
Downlink coverage evaluation in guard-band operation
Huawei, HiSilicon

R1-157400
NB-IoT - Random Access Evaluation in Guardband Deployment
Ericsson

R1-157401
NB-IoT - Uplink Shared Channel Evaluations in Guardband Deployment
Ericsson

R1-157405
NB-IoT - Uplink link level coexistence in guard band - interference from LTE
Ericsson

R1-157406
NB-IoT - Downlink link level coexistence in guard band - interference to LTE
Ericsson

R1-157407
NB-IoT - Downlink link level coexistence in guard band - interference from LTE
Ericsson

Capacity

R1-156623
Capacity evaluation for guard-band operation
ZTE

R1-156471
Uplink capacity evaluation in guard-band operation
Huawei, HiSilicon

R1-157337
Downlink capacity evaluation in guard-band operation
Huawei, HiSilicon

R1-157408
NB-IoT - System level evaluation and comparison - Guardband
Ericsson
Latency

R1-157466
Exception report latency evaluation in guard-band operation
Huawei, HiSilicon
Revision of R1-156470
R1-157547
Latency Evaluation for Guard-band Operation
Nokia Networks
Revision of R1-157250
R1-157403
NB-IoT - Exception report latency evaluation for guardband operation
Ericsson

Energy consumption

R1-157402
NB-IoT - Battery lifetime evaluation for guardband operation
Ericsson

R1-156472
UE energy consumption evaluation in guard-band operation
Neul, Huawei, HiSilicon

R1-157251
NB IoT – Battery lifetime evaluation in guard band operation
Nokia Networks

6.2.6.1.3 In-band operation
Link level performance

R1-156477
Uplink link level performance in in-band operation
Huawei, HiSilicon

R1-157538 
NB-IoT performance evaluation: In-band operation
Intel Corporation
Revision of R1-156527

R1-156802
Downlink Performance Evaluations for In-band Operation
Samsung

R1-156970
Evaluation of PUSCH for in band operation
MediaTek Inc.

R1-157442 
Different CP length and different subcarrier spacing of in-band operation
Sharp

Revision of R1-157118


R1-156542
Link performance results for in-band operation
TSDSI

R1-156971
DL Performance Evaluation for In-band Operation 
MediaTek Inc.

R1-157138
Link level simulations for inband NB-IoT
ZTE

R1-157252
Coverage Evaluation for In-band Operation
Nokia Networks

R1-157409
NB-IoT - Random Access Evaluation in Inband Deployment
Ericsson

R1-157410
NB-IoT - Uplink Shared Channel Evaluations in Inband Deployment
Ericsson

R1-157413
NB-IoT - Uplink link level coexistence in in-band - interference to LTE
Ericsson

R1-157414
NB-IoT - Uplink link level coexistence in in-band - interference from LTE
Ericsson

R1-157415
NB-IoT - Downlink link level coexistence in in-band - interference to LTE
Ericsson

R1-157416
NB-IoT - Downlink link level coexistence in in-band - interference from LTE
Ericsson

Capacity

R1-156476
Uplink capacity evaluation in in-band operation
Huawei, HiSilicon

R1-156624
Capacity evaluation for in-band operation
ZTE

R1-157417
NB-IoT - System level evaluation and comparison - inband
Ericsson
Latency

R1-157454
 NB-IoT - Exception report latency evaluation for inband operation
Ericsson
Revision of R1-157412
R1-156475
Exception report latency evaluation in in-band operation
Huawei, HiSilicon
R1-157548
 Latency Evaluation for In-band Operation
Nokia Networks

Revision of R1-157253


Energy consumption

R1-157254
NB IoT – Battery lifetime evaluation in in-band 
Nokia Networks

R1-156474
UE energy consumption evaluation in in-band operation
Neul, Huawei, HiSilicon

R1-157411
NB-IoT - Battery lifetime evaluation for inband operation
Ericsson

R1-157696
Offline discussion of random access
Huawei

Observations B: Random access

B1. The evaluated random access schemes meet the performance/coverage target.

To be added into working document. 

R1-157697
Link level coexistence results
Huawei
Observations

Guard band operation

Uplink

A1. When the received SNR of the adjacent LTE UE is low (e.g. below 5dB), the LTE interference to the NB-IoT uplink is negligible for both the proposed SC-FDMA and FDMA+GMSK design options.

A2. When the received SNR of the adjacent LTE UE is high, the LTE interference to the NB-IoT uplink can be mitigated by scheduling for SC-FDMA based design option.
· There are no results in this regard for the FDMA UL design.

A3. There is a negligible impact of guard band NB-IoT transmission on LTE PUCCH for both the proposed SC-FDMA and FDMA+GMSK design options.

Downlink

B1. The impact of NB-IoT downlink with 3.75 kHz subcarrier spacing to LTE downlink in guard-band operation mode can be significant when NB-IoT DL and LTE DL are separated by 0 kHz and the transmit power is 38 dBm. The impact is smaller when the transmit power is 35 dBm.

B2. The impact of NB-IoT downlink to LTE downlink in guard-band operation mode is reduced when the separation is increased, when it is possible to increase the separation.

B3. There is no impact of NB-IoT downlink to LTE downlink in guard-band operation mode for the 15 kHz subcarrier spacing.
B4. The impact of NB-IoT downlink with 3.75 kHz subcarrier spacing to LTE downlink in guard-band operation mode is negligible when NB-IoT DL and LTE DL are separated by 100 kHz from edge to edge. (FFS which transmit powers this observation is valid for).

In-band operation

Uplink

A1. When the received SNR of the adjacent LTE UE is low (e.g. below 5dB) , the LTE interference to the NB-IoT uplink is negligible for both the proposed SC-FDMA and FDMA+GMSK design options.

A2. When the received SNR of the adjacent LTE UE is high, the LTE interference to the NB-IoT uplink can be mitigated by scheduling for SC-FDMA based design option. 
· There are no results in this regard for the FDMA UL design.
A3. There is a negligible impact of guard band NB-IoT transmission on LTE PUCCH and PUSCH for both the proposed SC-FDMA and FDMA+GMSK design options.
Downlink

B1. If 15 kHz DL subcarrier spacing is used for NB-IoT system, it does not introduce any interference to LTE system, nor is there any interference from the LTE system to the NB-IoT system. 

B2. No solutions have been evaluated for 3.75 kHz DL subcarrier spacing for NB-IoT system in in-band operation, considering the impact of interference to and from the CRS in normal subframes and control region of LTE. 

R1-157698
BS complexity results and observations
Huawei

R1-157701
Observations on BS complexity
1. It is observed that there is an operator expectation for deploying NB-IoT by software-only upgrade while reusing the existing hardware. Whether a particular NB-IoT alternative can be deployed by software-only upgrade depends on the existing BS implementation and the deployment scenario.  
2. In DL, for in-band and guard-band deployment, NB-IoT system with 15 kHz subcarrier spacing has no increase over LTE IFFT processing, and no guard-spacing between the NB-IoT carrier and the LTE carrier are needed. For guard-band deployment of NB-IoT system with 3.75 kHz subcarrier spacing, additional IFFT operations are needed.

3. FFS: In UL, both SC-FDMA and FDMA solutions can re-use the existing baseband hardware in the MSR BS and single mode LTE BS. 

4. For UL of FDMA solution, the support of two different UE classes is needed. But similar decoding and channel equalization procedures can be used for GMSK and PSK. Multi-stage filter bank operations are needed to separate each sub-channel signal, but its processing complexity is expected to be low due to the low symbol rate. 

5. SC-FDMA UL is expected to re-use the FFT processing units in the current MSR BS and single mode LTE BS. The processing complexity is expected to be low due to low symbol rate. 

Note that further observations can be discussed and added if agreeable. 

R1-157699
Device complexity results and observations
Huawei, HiSilicon
Observations:
1. DL 15kHz and SC-FDMA based UL reduces the maximum processing load (Mop/s) by approximately 18% compared to the legacy GPRS reference. It increases the memory required (kBytes) by approximately 100%. 

· This observation is based on the most demanding baseband operations.

2. DL 3.75kHz and FDMA+GMSK UL reduces the maximum processing load (Mop/s) by approximately 29% compared to the legacy GPRS reference. It increases the memory required (kBytes) by approximately 120%. 
3. DL 15 kHz and SC-FDMA based UL reduces code software complexity (kBytes) by approximately 58% and data software complexity by approximately 17% compared to the legacy GPRS reference case.

4. DL 3.75kHz and FDMA based UL reduces code software complexity (kBytes) by approximately 52% and data software complexity by approximately 38% compared to the legacy GPRS reference case.

5. For DL 3.75kHz and FDMA based UL, the SoC area for is approximately 54% of that of the GPRS reference case if an integrated PA is used, or 46% of that of the GPRS reference case if an external PA is used, assuming a 65 nm process node, according to the methodology in TR45.820.

This observation makes no statement about SC-FDMA. 
Note that further relative comparisons can be added if agreeable. 
R1-157738
WF on BS complexity
Alcatel-Lucent , Alcatel-Lucent Shanghai Bell, Ericsson, Huawei, HiSilicon 

Agreement: 

Include the following observation in the BS complexity

· The existing infrastructure in the deployed MSR BS or single mode LTE BS, e.g., antennas, feeder cables etc. is expected to be re-used to support the deployment of NB-IoT systems.  In the DL, it is foreseeable that NB-IoT stand-alone alternatives with both 15 kHz and 3.75 kHz subcarrier spacing are deployable on the existing MSR BS hardware. In addition, both MSR BS and single mode LTE BS can support the guard-band deployment with both 15 kHz and 3.75 kHz subcarrier spacing. For the in-band deployment, only 15 kHz subcarrier spacing can be supported by both MSR BS and single mode LTE BS hardware. In the UL, it is foreseeable that both SC-FDMA and FDMA can be deployable on the existing MSR BS and single mode LTE BS.

Remove the following observation in the BS complexity (in R1-157736)

· FFS: In UL, both SC-FDMA and FDMA solutions can re-use the existing baseband hardware in the MSR BS and single mode LTE BS. 

R1-157700
UE energy consumption results and observations
Huawei, HiSilicon
Note: Tables 2.4-7,8,9 should have 15kHz DL. 

To be updated and revisited - R1-157702. 
Also include the following note:
· Note: 

· The observations summarized below are based on the evaluation results which are impacted by both the assumed numerology and the assumed protocols. 

Observations

Four {packet size, reporting interval} traffic models were considered. (a) 50 bytes per 2 hours; (b) 200 bytes per 2 hours; (c) 50 bytes per 1 day; and (d) 200 bytes per 1 day.

1. DL 15kHz OFDMA/UL 2.5 kHz SC-FDMA can meet the 10-year battery life target for all the traffic models and deployment scenarios at MCL 144 dB. At 154 dB MCL, it can  meet the target except for 200 bytes per 2 hours traffic. At 164 dB MCL, it can  meet the target for 50 bytes or 200 bytes per day.
2. For in-band operation mode, DL 15kHz OFDMA/UL 2.5 kHz FDMA can meet the 10-year battery life target for all the traffic models at MCL 144 dB. At 154 dB MCL, it can meet the target except for 200 bytes per 2 hours traffic. At 164 dB MCL, it can meet the target for 50 bytes or 200 bytes per day.
3. For standalone and guard-band operation mode, DL 3.75kHz OFDMA/UL 2.5 kHz FDMA can meet the 10-year battery life target for all the traffic models at MCL 144 dB. At 154 dB MCL, it can meet the target except for 200 bytes per 2 hours traffic. At 164 dB MCL, it can meet the target for 50 bytes or 200 bytes per day.
4. For standalone deployment, UL 2.5 kHz FDMA has similar battery life as UL 2.5 kHz SC-FDMA for 144 dB, 154 dB and 164 dB MCL. 

5. For in-band deployment, UL 2.5 kHz FDMA has similar battery life as UL 2.5 kHz SC-FDMA for 144dB, 154 dB and 164 dB MCL

6. For FDMA+GMSK UL, using an external PA typically extends the battery life by 0.1 - 0.5 years, for all the deployment scenarios, target MCLs and traffic models.
7. For FDMA 2.5 kHz UL in standalone operation mode, the 3.75 kHz DL has similar battery life to 15 kHz DL, for all target MCLs. 
8. UL 2.5 kHz FDMA based uplink meets the battery life requirement for both integrated and external PA.

9. UL 2.5 kHz SC-FDMA based uplink meets the battery life requirement for at least external PA; integrated PA is not evaluated
10. The impact of realistic battery current consumption model (non-linearity) is not considered in the energy consumption.

6.2.6.2 Technical design

R1-156923
Multiple NB-IoT carrier deployment
Huawei, HiSilicon
R1-156924
Analysis of channel raster impact on NB-IOT
Huawei, HiSilicon
Next steps:

NB-IoT channel raster selection should consider cell search performance and complexity as well as the necessary rules for channel raster spacing, frequency offset, and UL/DL separation in each operation mode.

Note that an LS to RAN4 will be required on this subject at an appropriate point in the development of NB-IoT in RAN1.
R1-157272
Design recommendations for NB-IoT
Nokia Networks

R1-157351
Initial Views on Technical Design for NB-IoT
NTT DOCOMO, INC.
6.2.6.2.1 Single synchronization signal design
R1-156464
Synchronization signal design
Huawei, HiSilicon

R1-156465
Synchronization signal evaluation
Huawei, HiSilicon

R1-156528
On synchronization signal design and performance for NB-IoT
Intel Corporation

R1-156543
PSS design options
TSDSI

R1-156625
Considerations on Synchronization Signal Design of NB-IoT
ZTE
R1-157068
Design Principles for NB-IoT SYNC Channel
Qualcomm Inc.

R1-157455
NB-IoT - Improved Synchronization Channel Design
Ericsson
Revision of R1-157418
R1-156803
Single Synchronization Design for NB-IoT
Samsung
R1-157496
Synchronization signal design for NB-IoT
LG Electronics
Revision of R1-156881
R1-157119
Synchronization signal design for NB-IoT
Sharp

R1-157069
Sequence Design for NB-IoT SYNC Channel
Qualcomm Inc.
R1-157274
On the syncronization signal design for NB-IoT
Nokia Networks
Agreement: 

· NB-IoT supports FS2 in Rel-13 or a later release
See conclusion below. 

Questions:

· What needs to be taken into account in the FDD design? 

· Which of the existing UL/DL configurations need to be supported?

· CMCC: main current configurations are 0,1,2

· Reliance-Jio: 1,2,6

· Which of the existing special subframe configurations need to be supported?

· Reliance-Jio: 2,3,4,6,7,8
R1-157485
NB-IoT synchronization signal performance
Nokia Networks
Revision of R1-157275
R1-157655
Proposals for NB-IoT synchronization signal design
Huawei, HiSilicon, u-blox

R1-157656
Proposals for NB-IoT synchronization signal resource mapping
Huawei, HiSilicon, u-blox
R1-157749
Proposals for NB-IoT synchronization signal design
Huawei, HiSilicon, Ericsson, Sharp, U-blox

Agreements:
· Confirm working assumption on supporting 504 PCIDs
· PCID is indicated by NB-SSS 

· FFS whether some bits of the NB-IoT frame number are derived from NB-SSS
· FFS how many bits of NB-IoT frame number are indicated
· FFS relationship (if any) between NB-IoT frame number and SFN of LTE in guard-band and in-band cases
· Operation mode is indicated in one of the following ways:
· Alt-1:Indication is by NB-SSS
· Alt-2: Indication is by NB-MIB
· Other options are not precluded
· FFS whether the number of values that can be indicated is equal to or less than the number of operation modes (i.e. 3) 
R1-157750
Proposals for NB-IoT synchronization signal resource mapping
Huawei, HiSilicon, Ericsson, U-blox 

Agreements:

· The following resource mapping rules are complied with:
· The first 3 LTE OFDM symbols are not used by NB-PSS/NB-SSS
· FFS for special subframe in TDD
· NB-PSS/NB-SSS are punctured by LTE CRS (if a collision exists)
· FFS for CRS ports 2,3 in FS2
· NB-PSS/SSS occupy fixed number of OFDM symbols in each synchronization subframe 
· Normal CP: NB-PSS and NB-SSS span 11 or 9 (one value to be selected) OFDM symbols and X OFDM symbols respectively in each subframe transmitting the synchronization signal
· One value of X to be selected in the range 6 to 11, at least for FDD
· Extended CP if supported: NB-PSS and NB-SSS span 9 OFDM symbols and Y OFDM symbols in each subframe transmitting synchronization signal 

· One value of Y to be selected in the range 6 to 9, at least for FDD
FFS: NB-PSS/SSS are punctured by LTE CSI-RS and PRS if collision occurs
R1-157739
Proposals for NB-IoT synchronization signal sequence
Huawei, HiSilicon
Next steps: 
Evaluate (including performance and device complexity) the following options for NB-PSS design until the adhoc meeting; companies to provide a comparison between these alternatives:
· NB-PSS is a Zadoff-Chu sequence
· NB-PSS is constructed from a pair of Zadoff-Chu sequences with a cover sequence in each OFDM symbol
· NB-PSS sequence based on a pair of CGS with cover sequence in each OFDM symbol
· NB-PSS using binary sequences with cover sequence in each OFDM symbol with SC-FDMA with frequency domain pulse shaping as in R1-156545
6.2.6.2.2 Other downlink design updates
Including consideration of RAN2 dependencies
R1-156462
NB-IOT - downlink physical layer concept description
Huawei, HiSilicon

R1-156480
On downlink spectral shaping and EVM
Neul, Huawei, HiSilicon

R1-156529
On Layer 1 design and procedures for NB-IoT downlink
Intel Corporation

R1-156626
Considerations on Physical LayerDownlink Design of NB-IoT
ZTE

R1-156804
Considerations of Downlink Design
Samsung
R1-156972
General considerations on NB-IOT DL physical layer design
MediaTek Inc.

R1-157070
DL design for NB-IoT
Qualcomm Inc.

R1-157419
NB-IoT - DL Design
Ericsson
R1-157657
Proposals for NB-IoT Downlink Design
Huawei, HiSilicon, u-blox
Agreement:

· Master information broadcast and system information broadcast are supported for NB-IoT
· Master information broadcast is carried by a first physical channel 
· The first physical channel has no accompanying control channel
· System information broadcast is carried by a second physical channel 
· FFS how the UE determines the time/frequency resources for the second physical channel carrying the system information broadcast 
· Working assumption: TBCC as in LTE is used for NB-IoT all downlink channels
· The max TBS size for NB-IoT in DL is no less than 520bits
· CP length for DL:
· Alt-1: Normal CP only
· Alt-2: Both normal CP and extended CP are supported
· Down selection between Alt-1 and Alt-2 until next meeting
R1-157668
Draft WF for NB-IoT Downlink Design
LGE

Revision of R1-157662
Agreement:

· Decide between two options within this week:

· Alt 1. Support TDD in Rel-13 for NB-IoT

· Alt 2. Not to support TDD in Rel-13 for NB-IoT, but Rel-13 supports necessary forward compatibility to support TDD

· Note: such support may or may not require physical layer change(s)
Conclusion: 

- NB-IoT in Rel-13 supports at least the necessary forward compatibility to support TDD
- FFS which TDD configurations are to be prioritized; companies are encouraged to check further until the next meeting. 

R1-156805
Broadcast Channel Design
Samsung
R1-157123
Information carried on synchronization signal and broadcast channel
ASUSTEK COMPUTER (SHANGHAI)
R1-156991
On RAN 1 RAN2 dependencies
MediaTek Inc.

R1-156544
Including consideration of RAN2 dependencies
TSDSI

R1-156973
DL channel coding for NB-IoT 
MediaTek Inc.

R1-156530
Handling of D.C. offset for NB-IoT downlink
Intel Corporation
R1-156806
Discussion on Downlink Control Channel
Samsung
Agreements:

· NB-IoT supports a physical downlink control channel, NB-PDCCH

· NB-IoT supports a physical downlink shared channel, NB-PDSCH

Note that this does not imply anything about the design of these channels 

Note that final naming of the channels is up to the specification editors. 

Companies are encouraged to consider details of downlink control channel and scheduling design for the Jan adhoc meeting. 
R1-156883
Discussions on downlink control channel design for NB-IoT
LG Electronics

R1-156807
Discussion on Downlink RS Design
Samsung
R1-157737
WF for NB-IoT Downlink RS options
LG Electronics, Panasonic, Intel 
Agreement:

· For in-band operation, it shall be possible for NB-IoT UE to decode NB-PBCH without knowing the legacy PRB index
· i.e. a single fixed predefined PRB location NB-IoT is precluded. 
Transmission schemes
Working Assumption:

· NB-IoT supports operation with more than one DL tx antenna port

· For operation with 2 DL tx antenna ports, NB-IoT uses SFBC

· Can be revisited at Jan Adhoc if UE complexity issues are identified
UE capabilities:
· FFS whether all NB-IoT UEs have to support all 3 deployment modes
· FFS whether all NB-IoT UEs have to support more than 1 DL tx antenna port 
To be discussed later with UE capability discussion. 

R1-156980
Considerations on Frequency Tracking for NB-IOT
Sony Corporation

R1-156882
Discussion on downlink design for NB-IoT
LG Electronics

6.2.6.2.3 Uplink design updates
Including consideration of RAN2 dependencies
R1-156627
PAPR Reduction for Uplink of NB-IoT
ZTE

R1-156925
Overall comparison of FDMA and SC-FDMA
Neul, Huawei, HiSilicon
R1-156545
SC-FDMA with frequency domain pulse-shaping for uplink
TSDSI

R1-156884
Discussions on uplink design for NB-IoT
LG Electronics

R1-156975
On PAPR for SC-FDMA
MediaTek Inc.

R1-157071
UL design for NB-IoT
Qualcomm Inc.

R1-157486 
Evaluation of  SC-FDMA UL for NB-IoT
Nokia Networks
Revision of R1-157276

R1-157277
Discussion on Uplink Design for NB-IoT
Samsung Electronics Co., Ltd

R1-157423
NB-IoT - UL Design
Ericsson

R1-156463
Uplink receiver design and complexity analysis for FDMA based approach
Huawei, HiSilicon

R1-157469 
On GMSK receiver performance
Neul, Huawei, HiSilicon
Revision of R1-156478

R1-156808
PAPR Reduction Schemes for Uplink Transmission
Samsung

R1-157553
Performance Comparison of PAPR Reduction Schemes
Samsung
Revision of R1-156809
R1-156810
Base Station Complexity Analysis for NB-IoT
Samsung

R1-156926
On GMSK/PSK modulation for uplink
Neul, Huawei, HiSilicon

R1-156930
Uplink FDMA physical layer design updates
Neul, Huawei, HiSilicon

R1-156931
Properties of UL modulations proposed for NB-IoT
Neul, Huawei, HiSilicon

R1-156974
NB-IoT Uplink Consideration
MediaTek Inc.

R1-157370
UL numerology and frame structure design
MediaTek Inc.

R1-157420
NB-IoT - 15 kHz subcarrier spacing for NB-IoT uplink shared channel
Ericsson

R1-157421
NB-IoT - Performance of 15 kHz subcarrier spacing for NB-IoT uplink shared channel
Ericsson

R1-157422
NB-IoT - M-PBCH design update
Ericsson

R1-157428
On FDMA uplink
Neul, Huawei, HiSilicon
R1-157607
Description of 8-BPSK for the NB-IoT uplink
Qualcomm Inc.

Late submission
R1-157470
On the impact of a realistic PA model on SC-FDMA uplink
Neul, Huawei, Hisilicon
Late submission
6.2.6.2.4 Random access design updates

Including consideration of RAN2 dependencies
R1-156479
On the random access design for SC-FDMA
Neul, Huawei, HiSilicon

R1-156628
Random Access Design of NB-IoT
ZTE

R1-156885
Discussion on Random Access Procedure for NB-IoT
LG Electronics

R1-156990
Discussion on preamble-based RA and message-based RA for Rel-13 NB-IoT
MediaTek Inc.

R1-157072
Random access design
Qualcomm Inc.

R1-157544
Consideration on random access design of NB-IOT
ETRI
Revision of R1-157108
R1-157199
NB-IoT - Initial analysis of PRACH capacity
ZTE

R1-157424
NB-IoT - Random Access Design
Ericsson
6.2.6.3 Other
Including any remaining details of in-band/guard-band scenarios and criteria

R1-157152
Battery impact considerations for NB-IoT
u-blox AG, Neul, Huawei, HiSilicon
R1-156976
Battery life for NB-IoT
MediaTek Inc.

R1-157368
Field test results of FDMA based uplink
China Unicom









