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7.2.1 NB-IoT
WID in RP-152284.
The objective is to specify a radio access for cellular internet of things, based to a great extent on a non-backward-compatible variant of E-UTRA, that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra low device cost, low device power consumption and (optimised) network architecture. 
R1-161227
LS on channel raster for NB-IoT
RAN4
To be addressed in Section 7.2.1.1.4

R1-161226
Reply LS on power boosting in-band and guard-band operation for NB-IoT
RAN4
R1-161429
36.300 CR
Huawei

Companies are encouraged to check this draft CR 

Correct the channel names to Nxxxx

For NB-PBCH, use Rel-8 text with updated numbers 

Delete “A” in 5.1.1.A

Revised in R1-161431

LS in R1-161433
For email endorsement / approval until Friday 26th February (Matthew W, Huawei)
RRC parameter list 
Draft LS to be provided in R1-161446.
- For email endorsement / approval until Friday 26th February (Matthew W, Huawei)
7.2.1.1 Downlink physical channels and signals
R1-160408
Operation mode indication and channel raster for NB-IoT
Intel Corporation
7.2.1.1.1 NB-PBCH
R1-160259
NB-IoT - NB-PBCH design
Ericsson
R1-160314
NB-MIB design
Huawei, HiSilicon
Agreement:

· The 4 most significant bits of NB-IoT SFN are indicated in NB-MIB.
· 4 bits are used to indicate NB-SIB1 scheduling information in NB-MIB.

R1-160319
NB-PBCH evaluation
Huawei, HiSilicon

R1-160353
Remaining issues on NB-PBCH
CATT
Agreement:

· For in-band case, the control region size is indicated in NB-SIB1

· The UE assumes that NB-SIB1 starts from symbol 3

· For guard-band and standalone cases, the control region size is assumed to be 0

· Note that it doesn’t change any previous agreement regarding symbols for NB-PBCH

R1-160405
NB-PBCH Physical Channel Processing
Intel Corporation
Discuss further offline regarding NB-PBCH resource mapping – Ralf (Intel)
· Including whether or not to consider RE mapping for NB-PBCH in order to allow it to be used for frequency offset tracking

R1-161434
WF on NB-PBCH Rate Matching and RE Mapping 
Intel Corporation, ALU, ASB, MediaTek, Nokia, ZTE 

Agreements:

For Normal CP: 
· In FDD mode, after CRC attachment and channel coding, the NB-MIB is rate matched to E=1,600 bits denoted by e0, e1, …,eE-1 according to Section 5.3.1.3 in TS 36.212 

· The rate matched bits are scrambled with a sequence of length 1,600 
· The scrambling sequence for the NB-PBCH is given in 7.2 of TS 36.211 and is initialized with the NB-IoT Physical Cell Identifier (PCI) in each radio frame fulfilling nf mod 64 = 0 where nf is the System Frame Number (SFN) 
· The modulated bits are mapped to resource elements in a frequency first, time second fashion
· Within one NB-MIB TTI, the i-th block of 80ms duration, i=0,1,…,7, is used to transmit bits e200*i+j , j=0,1,…,199, i.e., identical symbols are transmitted in each subframe #0 within the i-th block
R1-161443
WF on NB-PBCH Rate Matching and Repetition
Qualcomm
· In FDD mode, after CRC attachment and channel coding, the NB-MIB is rate matched to E=1600 bits according to Section 5.3.1.3 in TS 36.212 

· Assuming CRC is always masked. 
· The rate matched bits are scrambled with a sequence of length 1600 
· The scrambling sequence for the NB-PBCH is given in 7.2 of TS 36.211 and is initialized with the NB-IoT Physical Cell Identifier (PCI) in each radio frame fulfilling nf mod 64 = 0 where nf is the System Frame Number (SFN)
· The scrambled bits, denoted by en, n=0, 1,…,1599,  are then used to generate 8 copies of different cyclic shifts. The i-th copy, i=0, 1, 2,..7, is eimod(n+200*i,1600), n=0, 1,…, 1599 .
· The i-th block of 1600 bits are then  mapped to the resource elements of the i-th block of 80ms duration, in a frequency first, time second fashion.
R1-160440
NB-IoT – NB-MIB content and design considerations
Ericsson

R1-160441
NB-PBCH design for NB-IoT
Nokia Networks,  Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

R1-160466
Details on NB-MIB design for NB-IoT
ZTE

R1-160549
NB-MIB Design
Samsung

R1-160615
Discussion on multiple PRB operation for SIB1 transmission
LG Electronics

R1-160668
Considerations on NB-PBCH
Sony
R1-160711
Transmission of NB-PBCH and NB-PSS/SSS for in-band operations
SoftBank Corp.

R1-160827
Discussion on MIB content of NB-IoT
MediaTek Inc.
Proposal:

· Send an LS to  RAN2 suggesting arranging infrequently changing bits of MIB together, i.e. at least to arrange SFN in the end or in the beginning of MIB content

Further offline discussion, revisit later this week – Xiusheng (MediaTek)

R1-161451
WF on ordering of MIB content
Mediatek
Revisit after agreeing NB-MIB content

R1-160875
NB-PBCH Design
Qualcomm Inc.
Proposal:

· Use different cyclic shifts of coded bits to differentiate the PBCH RV across repetitions instead of using different scrambling sequences
R1-160918
MIB Contents for NB-IoT
Interdigital Asia LLC
Proposal:

· One field in the NB-MIB indicates the operation mode
· FFS whether this is distinct or implicit
· The contents/interpretations of NB-MIB are determined based on the operation mode
· Note: the payload size of NB-MIB is the same for all the operation modes
Agreement:

· The number of NB-RS ports (1 or 2) is indicated by NB-PBCH CRC masking (all 0’s for 1 port, and all 1’s for 2 ports, as in the current spec for LTE CRS)

· For rate matching purpose for NB-PBCH,  the number of NB-RS ports is based on 2 

· The number of CRS ports is indicated by NB-MIB.

· The deployment mode is indicated by NB-MIB

· Note: it doesn’t imply that it has to be a separate information field

Agreement:

· Raster offset is indicated in NB-MIB

Working assumption:

· Information to obtain CRS sequence (only needed if same-PCI indicator is set to true), and a same-PCI indicator (to indicate whether or not LTE PCI and NB-IoT PCI are the same) are indicated in NB-MIB 

· Note that this working assumption is related to the working assumption regarding the potential usage of LTE CRS for demodulation

· FFS whether same-PCI indicator and PRB index are always present, or only in in-band case

Consider detailed proposal for NB-MIB contents after lunch – Suzuki - R1-161442 

Agreement:

· The differentiation of FDD vs. TDD is NOT indicated in Rel-13

· Note: it is assumed that there is at least one reserved bit in NB-MIB

Discuss further offline on the bitwidth offline, revisit later this week – Huiying (ZTE)

R1-161231
Proposal:

	Deployment mode
	6 bits

	Raster offset
	

	PRB index
	

	System bandwidth
	

	The number of CRS ports
	1 bits, for in-band and guard band, 
to indicate 4 ports or less than 4 ports

	Same-PCI indicator
	1 bits, for in-band and guard band

	Total bitwidth
	8 bits


7.2.1.1.2 NB-PDCCH
R1-160263
NB-IoT - Timing relations
Ericsson
Agreement: 

· DL and UL scheduling delays are indicated in DCI

· number of delay values that can be signalled for the UL scheduling delay is less than the number of values for the DL 

· FFS the number of values and the sets of values. 

R1-160551
Discussion on Downlink Scheduling
Samsung

R1-160766
Downlink resource mapping and multiplexing for NB-IoT
Sharp

R1-161003
Timing design of NB-IoT
Panasonic Corporation

R1-161258
WF on PDCCH timing relationships
ZTE

R1-160260
NB-IoT - NB-PDCCH design
Ericsson
R1-160323
DCI for NB-IoT
Huawei, HiSilicon

R1-160444
DCI design for NB-IoT
Nokia Networks,  Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

R1-160467
Remaining issues on NB-PDCCH design for NB-IoT
ZTE
Section 6

R1-160669
Consideration on NB-PDCCH for NB-IoT
Sony
Prepare a combined proposal on details of DCI content: Matthew W 

R1-161321. 
R1-160354
NB-PDCCH design
CATT
Agreement: 

· Mapping of 2 CCEs: Upper 6 subcarriers are allocated to one CCE and lower 6 subcarriers are allocated to the other CCE within a PRB pair. 

· NB-PDCCH is punctured on REs used for CSI-RS in the in-band case

· No signalling of CSI-RS configurations is provided to NB-IoT UEs. 
R1-160262
NB-IoT - CCE mapping
Ericsson
R1-160315
NB-PDCCH resource mapping
Huawei, HiSilicon

R1-160442
Multiplexing control and data channels in NB-IoT
Nokia Networks,  Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

R1-160443
NB-PDCCH design for NB-IoT
Nokia Networks,  Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

Section 2.1

R1-160467
Remaining issues on NB-PDCCH design for NB-IoT
ZTE
Sections 2-4

R1-160468
Remaining issues on multiplexing of downlink channels for NB-IoT
ZTE

R1-160469
Scheduling of DL and UL Data Channels for NB-IoT
ZTE

R1-160550
NB-PDCCH Design
Samsung

R1-161319
WF on PDCCH 
Huawei

R1-161232
WF on multiplexing
ZTE

Agreement:

· CSS is defined for RAR (as well as paging)

· UE is not required to simultaneously monitor NB-PDCCH USS and CSS

· Max aggregation level for NB-PDCCH: 2

· Repetition is only applied in case AL=2
· For USS, UE only searches in its configured set of ALs and numbers of repetitions of PDCCH

R1-160406
NB-PDCCH Physical Channel Processing
Intel Corporation

R1-160443
NB-PDCCH design for NB-IoT
Nokia Networks,  Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

Section 2.2

R1-160261
NB-IoT - Search space design considerations
Ericsson
R1-160320
NB-PDCCH search space
Huawei, HiSilicon

R1-160407
NB-PDCCH Search Space Design
Intel Corporation

R1-160467
Remaining issues on NB-PDCCH design for NB-IoT
ZTE
Section 5

R1-160828
Resource mapping and search space design for NB-PDCCH
MediaTek Inc.

R1-161233
WF on CCE and search space
ZTE

Agreement:

When AL = 2 is used, two NB-CCEs of the same UE are in the same subframe
R1-161430 
WF on NB-PDCCH search space 
Huawei

Superseded. 

Email discussion until Friday 26th Feb on remaining details of NB-PDCCH search spaces – Matthew W (Huawei) 

R1-160616
Discussions on NB-PDCCH design for NB-IoT
LG Electronics

R1-160876
NB-PDCCH Design
Qualcomm Inc.

R1-160919
NB-PDCCH Design for NB-IoT
Interdigital Asia LLC

R1-161019
NB-PDCCH design for NB-IoT
NTT DOCOMO, INC.
7.2.1.1.3 NB-PDSCH
R1-160264
NB-IoT - Design Considerations for NB-PDSCH
Ericsson
R1-160409
NB-PDSCH Physical Channel Processing
Intel Corporation

R1-160445
NB-PDSCH design for NB-IoT
Nokia Networks,  Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

R1-160471
Further considerations on NB-PDSCH design for NB-IoT
ZTE
Agreement:

· Error detection through 24-bit Cyclic Redundancy Check (CRC) for NB-PDSCH follows Section 5.3.2.1 in TS 36.212
· Note that it does not have impact on the discussion of potential support of data over physical control channel
Agreement:

· Clarify that the Tail biting convolutional encoding  agreed for NB-PDSCH is according to section 5.1.3.1 in TS 36.212
Agreement:

· 16QAM is not supported for NB-PDSCH

Agreement:
· The maximum TBS for NB-PDSCH is 680 bits
· Send an LS to RAN2 regarding potential upper layer overhead, which may further increase the max TBS  - Matthew (HW)

R1-161182
[DRAFT] LS on maximum DL TBS support for NB-IoT
Huawei

The LS is approved in R1-161246.
Agreement:

· Redundancy versions (RVs) for NB-PDSCH are not supported

· Note that the number(s) of subframes that a TB can be mapped onto for NB-PDSCH is FFS 
Agreement:
· Sub-PRB allocations of the NB-PDSCH are not supported

Agreement:

· In in-band FDD operation, NB-PBCH and NB-PSS/NB-SSS is not located in a RB that contains LTE PBCH/PSS/SSS.
Proposal (further offline discussion – Suzuki):
· The set of MCS/TBS values for NB-PDSCH are indicated by a 3-bit information field in DCI

· FFS the set of MCS values
R1-161125
R1-161237
R1-161412
R1-161256
WF on NB-PDSCH Scrambling
Intel
Proposal:

· The scrambling sequence for NB-PDSCH is according to Section 7.2 of TS 36.211
· The scrambling sequence generator is initialised at the start of each codeword and at the start of each repetition thereof, i.e., after each potential “early termination point”
· The initialisation value cinit is according to Section 6.3.1 of TS 36.211 for the LTE PDSCH

· FFS: cinit also depends on the radio frame number and/or repetition number in case scheduling window is agreed

Note: This does not preclude support of symbol level combining
Revisit later this week – Ralf (Intel)
R1-161436
R1-160321
System information transmission
Huawei, HiSilicon
R1-161230
WF on NB-SIB1
Huawei, HiSilicon

Agreement:
· The same TB for NB-SIB1 is transmitted over 8 subframes
· NB-SIB1 is transmitted in one subframe of every other frame in 16 continuous frames
· Period of NB-SIB1 is not more than 512 radio frames, and choose one of the following alternatives:
· Alt 1. 256 radio frames, with repetitions {4,8,16}
· Alt 2. 512 radio frames, with repetitions {8, 16, 32}
· The subframes which are used are fixed in specification
· The repetitions of NB-SIB1 are equally spaced in time during the period of NB-SIB1
· The NB-SIB1 modification period is FFS (revisit later this week)

Email discussion / agreement of details of NB-SIB1 until Friday 26th February – Zheng (Huawei)
Agreement: 
· NB-MIB indicates the TBS of NB-SIB1, where the number of  different TB sizes for NB-SIB1 transmission is 4.
R1-160831
Control-less paging mechanism in NB-IoT
MediaTek Inc.
Agreement:
· NB-PDSCH for paging is always scheduled by a control channel

R1-160671
Considerations on Multi NB-IoT Carriers
Sony

R1-161020
Remaining issues on multiple NB-IoT carrier operations
NTT DOCOMO, INC.

R1-161008
Discussion on NB-IoT multi-carrier operation 
Lenovo (Beijing) Ltd
Agreement:

For the in-band, guard-band and standalone deployments

· The UE in RRC_IDLE camps on the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions
· The UE in RRC_CONNECTED can be configured, via UE-specific RRC signaling, to a PRB, for all unicast transmissions (not intended to excluding SC-PTM, if supported), different than the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions
· If the different PRB is not configured for the UE, all transmissions occur on the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions
· Details for the location(s) of the different PRB are FFS – (to be visited on Tuesday – Kuzuaki (DCM)) R1-161438
· Particularly whether or not to allow in-band to guard-band and vice versa

· The UE is not expected to receive NB-PBCH, and NB-PSS/SSS and any transmissions other than unicast transmissions in the configured PRB 
· Draft an LS to RAN2 to capture the 3 bullets (to be visited Tuesday) – Kazuaki (DCM)

· In the LS, add the following:

· There is at least one company who believes that the agreements listed in the 2nd and 3rd major bullets are of a low priority and expressed serious concerns/disagreements, particularly with respect to the potential impact on closure of the work item

R1-161218
[Draft] LS on multiple NB-IoT carriers operation for NB-IoT NTT DOCOMO
The LS is approved in R1-161219. 
R1-161437
Multi-carrier operation 
Intel

R1-160265
NB-IoT - Support for operation with Multiple PRBs
Ericsson
R1-160322
NB-PDSCH design
Huawei, HiSilicon

R1-160446
Time discontinuous transmission for NB-IoT
Nokia Networks,  Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

R1-160447
NB-IoT operation in multiple PRBs
Nokia Networks,  Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

R1-160470
NB-SIB1 design for NB-IoT
ZTE

R1-160472
Considerations on multiple carriers operation for NB-IoT
ZTE

R1-160552
Considerations on Multi-PRB Support
Samsung

R1-160617
Further details on NB-PDSCH design for NB-IoT
LG Electronics

R1-160670
Considerations on NB-PDSCH
Sony

R1-160829
Multiplexing and resource allocation of NB-PDSCH in NB-IoT
MediaTek Inc.

R1-160830
Control-less data transmission in NB-IoT
MediaTek Inc.

R1-160877
NB-PDSCH Design
Qualcomm Inc.

R1-161004
Multiple PRBs operation for NB-IoT
Panasonic Corporation

R1-161008
Discussion on NB-IoT multi-carrier operation 
Lenovo (Beijing) Ltd

R1-161028
Discussion on Resource Allocation and Scheduling of NB-PDSCH
Innovative Technology Lab Co.
7.2.1.1.4 NB-PSS and NB-SSS
R1-160266
NB-IoT - Synchronization Channel Design
Ericsson

R1-160267
NB-IoT - Synchronization Channel Evaluations
Ericsson

R1-160268
NB-IoT - Indication of deployment mode
Ericsson

R1-160311
Synchronization signal design
Huawei, HiSilicon

R1-161391
Synchronization signal evaluation
Huawei, HiSilicon
Revision of R1-161105 / R1-160321
R1-160313
Channel raster design
Huawei, HiSilicon

R1-160410
On NB-IoT Primary Synchronization Signal Design
Intel Corporation

R1-160411
On NB-IoT Secondary Synchronization Signal Design
Intel Corporation

R1-160448
Discussion on channel raster for NB-IoT
Nokia Networks,  Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

R1-161104
Synchronization signal design for NB-IoT
Nokia Networks,  Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
Revision of R1-160449
R1-160450
NB-IoT synchronization signal performance
Nokia Networks,  Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

R1-161221
NB-PSS and NB-SSS design for NB-IoT
ZTE
Revision of R1-160473
R1-160474
Remaining issues related to channel raster for  NB-IoT
ZTE

R1-161120
Synchronization signal design for NB-IoT
LG Electronics
Revision of R1-160618
R1-160729
NB-PSS Design
IITH

R1-160832
Channel raster: NB-IoT PRB allocation in in-band deployment
MediaTek Inc.

R1-160834
Primary synchronization signal design for NB-IoT
MediaTek Inc.

R1-160835
Secondary synchronization signal design for NB-IoT
MediaTek Inc.

R1-160837
Evaluation results for NB-PSS/NB-SSS
MediaTek Inc.

R1-161116
NB-PSS and NB-SSS Design
Qualcomm Inc.
Revision of R1-160878
R1-161280
WF on NB-PSS
Intel Corporation, Acorn Technologies, CEWiT, IITH, InterDigital, ITL, KT Corp., Reliance-Jio, Sequans Communications, WILUS Inc
Proposal:

· The periodicity of NB-PSS transmission is 10ms.

· The sequence for NB-PSS is generated at each OFDM symbol

· Length-11 Zadoff-Chu Sequence in frequency domain is used for sequence generation for each OFDM symbol and 11 REs are used per OFDM symbol.

· 10 different root sequence indices among 11 NB-PSS OFDM symbols

· Root index combination from symbol 0  to symbol 10 is [1 10 2 9 3 8 4 7 5 6 5]

Also supported by Panasonic, Sierra, ZTE, Nokia, ALU, ASB

LGE and QC also support the short sequence based design in general, but not this specific set of root sequences. 

R1-161388
WF on NB-PSS Design 
Huawei, HiSilicon, Neul, Ericsson, CMCC, China Unicom, China Telecom, u-blox, Sharp, MediaTek, ASTRI
Proposal:

· Long sequence based design is chosen as the NB-PSS solution:

· NB-PSS is generated by two root-1 Zadoff-Chu (ZC) sequences:  NB-PSS1 and NB-PSS2 

· Each of NB-PSS1 and NB-PSS2 spans 11 OFDM symbols for normal CP

· NB-PSS1 and NB-PSS2 are complex conjugate of each other

· Sequence length is 139, transformed with length 139 DFT to frequency domain, zero padded to 1508 samples, no tx filter, IDFT back to time domain, elements corresponding to CP are punctured, and remaining elements evenly divided across 11 symbols omitting CRS REs (no orphan elements)

· In FDD operation, NB-PSS is present in sub-frames 4 and 5, and NB-SSS is located in sub-frame 9.
Also supported by: DT, VF, 

Agreement: 

· The periodicity of NB-PSS transmission is 10ms.

· The sequence for NB-PSS is generated at each OFDM symbol

· Length-11 Zadoff-Chu Sequence in frequency domain is used for sequence generation for each OFDM symbol and 11 REs are used per OFDM symbol.

· The 11 root sequence indices are FFS. 
Minute: HW, Ericsson, Mediatek have concerns with this agreement. 
R1-161425
WF on NB-PSS
LGE

R1-161439
WF on short sequence design for NB-PSS
Qualcomm

Agreements:

· NB-PSS is transmitted in subframe 5

· NB-SSS is transmitted in subframe 9 

· Number of symbols for NB-SSS: 11

· NB-SSS base sequence is constructed from one or more ZC sequences

· Length FFS

· FFS whether multiple root sequences are used or a binary scrambling code

R1-161133
WF on NB-IoT DL carrier frequency determination in in-band operation mode
Huawei, HiSilicon
Agreement:
For NB-IoT DL carrier frequency determination in in-band operation mode
· Before RRC connection, the UE only expects NB-PSS/SSS in PRBs which satisfy the following:

· The maximum offset from the LTE channel raster to the center frequency of an NB-IoT carrier which transmits NB-PSS/SSS is no more than 7.5 kHz

· NB-PSS/SSS of an NB-IoT carrier is aligned to a PRB indexed by nRB in in-band operation mode

· The set of nRB  consists of LTE PRB indices in the following Table (starting from 0)  on the next slide
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R1-161134
WF on NB-IoT DL carrier frequency determination in guard-band operation mode
Huawei, HiSilicon
Agreement:

For NB-IoT DL carrier frequency determination in guard-band operation mode, before RRC connection, the UE only expects NB-PSS/SSS in PRBs which satisfy the following:

· The center frequency of a NB-IoT carrier which transmits NB-PSS/SSS is fd kHz away from LTE center in guard-band operation mode

· Each fd is such that the NB-IoT carrier is within the guard-band, and the center frequency is with a frequency separation from LTE centre which is at most 7.5 kHz offset from the 100 kHz channel raster.

· Note: the 15KHz numerology is still assumed in the guard band

R1-161135
WF on NB-IoT UL frequency carrier determination
Huawei, HiSilicon
Agreement:

· For NB-IoT UL frequency carrier determination for all deployment scenarios:

· For initial access, the NB-IoT DL/UL frequency separation is configured by higher layers (SIBx) and is cell-specific

· After the initial random access procedure success, there can also be a UE specific configuration for the NB-IoT DL/UL frequency separation.

R1-161236
[DRAFT] Reply LS on channel raster for NB-IoT
ZTE
The LS in R1-161236 is approved in R1-161269, with the following update:

· Add To RAN2

· Add one sentence:

· In addition, RAN1 has made the following agreements:

· For NB-IoT UL frequency carrier determination for all deployment scenarios:

· For initial access, the NB-IoT DL/UL frequency separation is configured by higher layers (SIBx) and is cell-specific

· After the initial random access procedure success, there can also be a UE specific configuration for the NB-IoT DL/UL frequency separation.

7.2.1.1.5 Reference signals
R1-160269
NB-IoT - NB-RS
Ericsson
R1-160553
NB-RS Design
Samsung

R1-160619
Discussions on RS design for NB-IoT downlink transmissions
LG Electronics
R1-161234
WF on NB-RS
ZTE, MediaTek, Huawei, HiSilicon, Samsung

Agreements:

· For the two antenna ports of NB-RS, antenna ports 0 and 1 are mapped to the last two OFDM symbols of the slot.
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· NB-RS uses a cell-specific frequency shift derived as NB-IoT Cell ID mod 6
· For NB-RS sequence, LTE CRS sequence is reused for NB-RS
· Centre of LTE CRS sequence is used as NB-RS sequence for all PRBs 

R1-160838
Design principles for NB-RS
MediaTek Inc.

R1-160475
Details on NB-RS for NB-IoT
ZTE

R1-160318
Remaining details of downlink reference signal design
Huawei, HiSilicon

R1-160412
NB-IoT Reference Signal Design
Intel Corporation
R1-160451
NB-RS design for NB-IoT
Nokia Networks,  Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

R1-160820
Further discussion on the reference signal design for NB-IoT
Spreadtrum Communications

R1-160821
Performance evaluation of NB-PBCH
Spreadtrum Communications

R1-160822
Performance evaluation of NB-PDSCH 
Spreadtrum Communications

R1-160879
Reference Signal Design
Qualcomm Inc.
R1-161021
Views on NB-RS for NB-IoT
NTT DOCOMO, INC.
R1-160920
Reference Signal for NB-IoT
Interdigital Asia LLC
Working assumption:
· LTE CRS is not precluded for an NB-IoT UE to use for DL demodulation and/or measurements for the cases when the number of antenna ports for LTE CRS and NB-RS is the same and takes a value of either 1 or 2.
· Details to be visited later this week – Asbjorn (Ericsson)
R1-161308
WF on CRS usage in NB-IoT
Ericsson, Sony, Intel, Huawei, HiSilicon, Nokia Networks, Sierra Wireless, Spreadtrum, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, Mediatek 

Agreements:

· When the same-PCI indicator is set to true
· The UE may assume that cell ID is identical for NB-IoT and LTE, 
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· The UE may assume that the number of antenna ports is the same for LTE CRS as for NB-RS

· The UE may assume that the channel can be inferred from both NB-RS and LTE CRS

· LTE CRS port 0 is associated with NB-RS port 0 and LTE CRS port 1 is associated with NB-RS port 1

· The UE may assume LTE CRS are available in the NB-IoT PRB in all subframes where NB-RS are available

· When the same-PCI indicator is set to false
· The UE shall make no assumption on the LTE CRS except for the RE locations for rate matching
· FFS

· LTE CRS power offset to NB-RS is signaled to UE

7.2.1.1.6 Other
R1-160270
NB-IoT - Paging
Ericsson

R1-160385
Parameters of LTE cell needed for NB-IoT UE for in-band operation
NEC

R1-160386
Impact of NB-IoT to LTE PDSCH assignment
NEC

R1-160413
Multi-carrier Operation for NB-IoT
Intel Corporation

R1-160452
SIB transmission for NB-IoT
Nokia Networks,  Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

R1-160453
Paging transmission for NB-IoT
Nokia Networks,  Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

R1-160476
NB-Paging design for NB-IoT
ZTE

R1-160921
Paging for NB-IoT
Interdigital Asia LLC
7.2.1.2 Uplink physical channels and signals
7.2.1.2.1 Data channel
R1-160255
NB-IoT - UL HARQ
Ericsson
Agreement:

· Adaptive HARQ is supported for uplink.
· The HARQ re-transmissions in the uplink are asynchronous. 

· PHICH is not supported for NB-PUSCH
R1-160272
NB-IoT - Link performance of NB-PUSCH
Ericsson

R1-160324
UCI for NB-IoT
Huawei, HiSilicon
FFS discussion on UCI issue offline – Xiaolei (Huawei)
R1-161478
WF on UCI
LGE

R1-160455
On UL DMRS design for NB-IoT
Nokia Networks,  Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
R1-160620
Discussions on PUSCH design for NB-IoT
LG Electronics

Further discussion offline 

R1-161242
WF on DM-RS Phase Rotation for NB-PUSCH
LGE

Proposal – Younjun (LGE), Hao (Qualcomm)

· For the single tone case:
· Using BPSK and QPSK based DM-RS sequence for NB-PUSCH for π/2-BPSK and π/4-QPSK respectively.
· The same phase rotation method is used for DM-RS symbol(s) and data symbols. 
R1-161448
WF on DMRS
LGE

R1-161390
WF on phase rotations for NB-PUSCH
Huawei

R1-160555
Considerations on UEs with Single-Tone Transmission Capability
Samsung

R1-160730
TPSK Design for three Tone Allocation
IITH

R1-160755
PAPR reduction for multi-tone PUSCH transmissions
Huawei, HiSilicon

R1-160774
Discussion on resource allocation of NB-PUSCH
MediaTek Inc.

R1-160881
Description of 8-BPSK and TPSK for the NB-IOT uplink
Qualcomm Inc.
Companies are encouraged to discuss further offline and re-visit on Tuesday

R1-161470
WF on TPSK
QC

Proposal:

· For a UE that indicates the support of only single-tone transmissions, the following TPSK modulation formats are supported in the UL 

(2,4)-TPSK and (4,4)-TPSK with contiguous tone allocation as specified in Tables 2 and 3, respectively, in R1-160881
For email approval until Friday 26th Feb – Xiaofeng (QC)
R1-161243
WF on overview of PUSCH design
LGE

R1-161432
WF on uplink maximum TBS
Huawei

Working Assumption:  

· Maximum UL TBS supported for NB-IoT is not greater than 1000 bits (exact value FFS)
R1-161441
WF on UL frame structure details
 Huawei, HiSilicon, Nokia

Proposal 1 (HW, HiSi, Nokia, VF, Sams, DT, u-Blox, Neul, ):

Agreement:

· For 3.75kHz subcarrier spacing of uplink with normal CP, 

· One NB-IoT symbol consists of 528Ts of symbol with CP length of 16Ts assuming Ts=1/1.92MHz. 

· Besides the seven symbols located from the beginning of 2ms period, the remaining time (144Ts) is used as a guard period to minimize the collision between NB-IoT symbols and LTE SRS

Proposal 2 (QC, ZTE, LGE, Mediatek, ):

· For 3.75kHz subcarrier spacing of uplink, 
· NB-IoT symbol length and CP length are each 4 x the 15kHz lengths

· FFS how/if to handle collisions with SRS 

R1-160494
NB-IoT UE feature and Initial Access
CMCC
R1-160271
NB-IoT - NB-PUSCH design
Ericsson

R1-160273
NB-IoT - UL spectrum characteristics, relative cubic metric, and performance with PA model
Ericsson

R1-160274
NB-IoT - UL Reference signals
Ericsson
R1-160279
NB-IoT - UL UCI
Ericsson

R1-160325
NB-PUSCH design
Huawei, HiSilicon
R1-160329
Remaining details of uplink frame structure design
Huawei, HiSilicon

R1-160414
NB-PUSCH Design and Scheduling
Intel Corporation

R1-160454
NB-PUSCH design
Nokia Networks,  Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

R1-160456
Definition of UL modulation options for NB-IoT
Nokia Networks,  Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

R1-160477
Uplink DM RS design for NB-IoT
ZTE

R1-160478
Remaining issues for NB-PUSCH
ZTE

R1-160479
Uplink HARQ-ACK transmission for NB-IoT
ZTE

R1-160480
Consideration on uplink data transmission for NB-IoT
ZTE

R1-160481
Modulation and PAPR Reduction for Uplink of NB-IoT
ZTE

R1-160554
Remaining Issues on NB-PUSCH Design
Samsung

R1-160556
Performance Evaluations of NB-PUSCH with TPSK Modulation
Samsung

R1-160621
Further details on uplink transmissions for NB-IoT
LG Electronics

R1-160672
Considerations on NB-PUSCH
Sony

R1-160727
Discussion on NB-IoT PUSCH resource mapping
Panasonic Corporation

R1-160728
NB-IoT PUSCH link level evaluation
Panasonic Corporation

R1-160770
Discussions on HARQ process
MediaTek Inc.

R1-160771
Consideration on DL HARQ-ACK transmission for NB-IOT
MediaTek Inc.

R1-160772
Preliminary evaluation on NB-PUCCH for ACK/NACK transmission
MediaTek Inc.

R1-160774
Discussion on resource allocation of NB-PUSCH
MediaTek Inc.

R1-160776
Discussion on multiplex of uplink signal with different subcarrier spacing
MediaTek Inc.

R1-160880
UL Data Channel Design
Qualcomm Inc.

R1-160882
PAPR and transmission power of UL modulation for NB-IOT
Qualcomm Inc.

R1-161033
NB-IoT - NB-PUSCH Resource Allocation
Ericsson
7.2.1.2.2 Random access
R1-160276
NB-IoT - NB-PRACH evaluations
Ericsson

R1-160317
NB-PRACH evaluation
Huawei, HiSilicon, Neul
Revision of R1-161358
R1-160277
NB-IoT - Near-Far Performance of NB-PRACH
Ericsson
Agreement: 

Confirm WA that NB-PRACH is based on single-tone with frequency hopping. 

R1-160883
Random Access Channel Design
Qualcomm Inc.

R1-160316
NB-PRACH design
Huawei, HiSilicon, Neul
Revision of R1-161357
R1-160457
NB-PRACH design for NB-IoT
Nokia Networks,  Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

Note typo for CP length for format 0 in Table 1: should be 66.67us

R1-160275
NB-IoT - Single Tone Frequency Hopped NB-PRACH
Ericsson

R1-160482
Single tone PRACH  for NB-IoT
ZTE
Agreements:

· NB-PRACH uses a subcarrier spacing of 3.75kHz 

· 2 CP lengths are provided to support different cell sizes

· 66.7 us and 266.7 us

· Hopping is between groups of symbols

· For CP length of  266.7 us, a group is defined as 5 symbols and one CP of length of  266.7 us
· For CP length of 66.7 us, a group is defined as 5 symbols and one CP of length of 66.7 us 
· Details of hopping:
· First level single-subcarrier hopping is used between 1st/2nd and between 3rd/4th symbol groups

· Second level 6-subcarrier hopping is used between 2nd/3rd symbol groups

· Pseudo-random hopping is used between repetitions of groups of 4 symbol groups:

i. Constrained within max 12 subcarriers, and according to LTE PUSCH type 2 hopping

R1-161428
WF on PRACH Hopping
Huawei, HiSilicon, Ericsson 

R1-161444
R1-161366
WF on Preamble design for single-tone PRACH
LG Electronics, ZTE, Intel
R1-160439
NB-IoT - NB-PRACH frequency hopping pattern
Ericsson
R1-160622
Single-tone random access procedure for NB-IoT
LG Electronics

R1-160458
Random access procedure for NB-IoT
Nokia Networks,  Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
Agreement:

· eMTC search space scheme is reused for Msg3 retransmission and Msg4 transmission.

R1-161313
WF on NB-RACH coverage level procedures
Huawei, HiSilicon, Ericsson, Qualcomm
Agreements:

· The following numbers of NB-PRACH repetitions are provided in the specifications:  

· {1, 2, 4, 8, 16, 32, 64, 128}

· eNB can configure up to 3 numbers of NB-PRACH repetitions from the above set

· Power ramping:

· If more than one repetition level is configured in the cell, then the UE transmits NB-PRACH with max power except for the lowest repetition level

· Otherwise, the UE uses NB-PRACH power ramping 

R1-161314
WF on Random Access procedures
Huawei, HiSilicon, MTK, Ericsson, Qualcomm, LGE
Agreements:

· The UL grant for the initial transmission of Msg3 is included in the RAR.

· The same NB-PDCCH search space is applied to NB-PDCCH for RAR, Msg3 retransmission and Msg4.

· DCI in NB-PDCCH indicates the number of repetitions of NB-IoT RAR / Retransmission of Msg3/Msg4

· Note that joint indication of number of repetitions with other DCI contents is not precluded

R1-161367
WF on Random Access Procedure
LG,NTT Docomo, Intel, ZTE, Sierra Wireless
Proposals:

· Different PRACH resources can be configured for UEs to indicate multi-tone transmission capability.

· UE select PRACH resource set based on RSRP measurement and transmission capability.

· FFS implicit mapping between CE levels and multi-tone Msg3 indication
Agreement: 

· Multi-tone Msg3 is supported

· RAN1 specifications will support the existence of UEs that do not support multi-tone Msg3 

· The specifications support the possibility for the UE to indicate whether it supports multi-tone Msg3 by NB-PRACH resource selection

· A NB-PRACH resource is defined at least by at least time-frequency resource, and possibly (FFS) one of more of:

· NB-PRACH sequence

· NB-PRACH hopping pattern

· Each NB-PRACH resource also has a repetition level configured 

· For at least one number of repetitions of NB-PRACH, multi-tone Msg3 transmission is not allowed by the specifications

· The UL grant for both Msg3 and PUSCH indicates the subcarrier(s) to be used 

· Subcarrier spacing is indicated:

· For Msg3:

· in RAR 

· Subsequent NB-PUSCH transmissions:

· Follow RAR always

Note that if RAN decides that one subcarrier spacing is not mandatory for the UE, a decision would need to be taken as to whether or not to specify error cases. 

R1-161450 
WF on configuration of UL subcarrier spacing
Mediatek, Sony
R1-160459
RAR transmission for NB-IoT
Nokia Networks,  Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

R1-160415
NB-PRACH and random access procedure
Intel Corporation

R1-160278
NB-IoT - Random access
Ericsson

R1-161022
Random access procedure for NB-PDSCH
NTT DOCOMO, INC. 
R1-160483
Random access procedure for NB-IoT
ZTE

R1-161009
Details of RACH procedure for NB-IoT
Lenovo (Beijing) Ltd
R1-160327
Remaining NB-IoT random access physical layer aspects
Huawei, HiSilicon

R1-160768
NB-PRACH coverage levels
Sony
7.2.1.2.3 Other
R1-160416
UCI and DL HARQ-ACK feedback for NB-IoT
Intel Corporation

R1-160461
Considerations of UCI for NB-IoT
Nokia Networks,  Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

R1-160484
UL power control for NB-IoT
ZTE

R1-161023
Views on UL ACK/NACK transmissions for NB-IoT
NTT DOCOMO, INC.

R1-161080
Considerations on DL HARQ ACK/NACK feedback for NB-IoT
KT Corp.
7.2.1.3 Other
Including open issues from RAN2 and RAN4
Including timing relationship details (e.g., NB-PDSCH to ACK/NACK delay)
R1-160326
Timing relationships
Huawei, HiSilicon, Neul
R1-160417
Timing Relationships for NB-IoT
Intel Corporation

R1-160463
Timing relationships for NB-IoT
Nokia Networks,  Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
R1-161389
WF on timing relationships
Huawei, HiSilicon, Neul, Intel, QC, u-blox
Agreements:

· The start of UL A/N transmission is >=12ms later than the end of the corresponding NB-PDSCH transmission 

· The start of DL A/N transmission is >=3ms later than the end of the corresponding NB-PUSCH transmission
Agreements:
· UE is not required to monitor more than:

· 3 NB-PDCCH blind decoding candidates in any subframe when there is no NB-PDCCH repetition, and 
· 4 NB-PDCCH blind decoding candidates in any subframe when there is NB-PDCCH repetition of any of the candidates in the subframe

· The start of NB-PUSCH transmission is >=8ms later than the end of its associated NB-PDCCH transmission
Working Assumptions:

· The start of an NB-PDCCH search space is >=4ms after the end of the last NB-PDCCH search space

· The start of NB-PDSCH transmission is >=4ms later than the end of its associated DL assignment

R1-160464
HARQ support in NB-IoT
Nokia Networks,  Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

R1-160328
Power allocation and power control
Huawei, HiSilicon
R1-161124
WF on Half-Duplex
Sony, Nokia, ALU, ASB, Panasonic, Virtuosys, Ericsson, Intel, MediaTek, ZTE, Sierra Wireless, Interdigital, Qualcomm

Also supported by LG, HW, HiSi, u-Blox

Agreement: 

· The HD-FDD guard period is Type B 
· When NB-IoT UE is transmitting, UE is not expected to monitor or receive any downlink channels
R1-160418
Common control message transmission for NB-IoT
Intel Corporation

R1-160710
Flexible duplex gap for in-band NB-IoT
SoftBank Corp.

R1-160769
Frequency Tracking for NB-IoT
Sony
R1-161039
On multi-PRB operation
Huawei, HiSilicon
R1-160756
Summary of RAN2 agreements on NB-IoT
Huawei, HiSilicon
R1-161038
Draft 36.212 CR for NB-IoT
Huawei
R1-161317
Draft 36.201 CR for NB-IoT
Nokia, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

Asbjorn to provide updated list of agreements on Monday. 

Email approval of all CRs – first drafts to be provided by Wednesday 24th Feb; email approval until Tuesday 1st March
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