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1 Introduction

In previous RAN1 meetings, the following agreements were achieved.

· Other SIBs than SIB1-NB can be transmitted on non-anchor carrier. The single NB-IoT carrier for all the other SIBs than SIB1-NB, when not the anchor carrier, is:

· In a PRB indicated by SIB1-NB with exact signaling design left to RAN2 including whether to signal anything in case these other SIBs are on the anchor carrier

· It is supported that SIB1-NB is transmitted only on the anchor carrier

· In at least subframe #0 in odd frames

· It is supported that SIB1-NB can be transmitted on non-anchor carrier, FFS details

· It is necessary to consider SFN wraparound as part of FFS

· Periodicity of SIB1-NB in TDD is the same as FDD (i.e. 2560ms)

· One transport block of SIB1-NB is transmitted over 8 SIB1-NB subframes (i.e. same as FDD)

· It is not supported that SIB1-NB is transmitted on both anchor and non-anchor carrier.

· At least for 16 repetitions for SIB1-NB transmission,

· Whether SIB1-NB transmitted on anchor carrier or non-anchor one is indicated by MIB-NB.

· When SIB1-NB is transmitted on non-anchor carrier, at least subframe #0 is used.

· FFS: SIB1-NB can be transmitted on anchor carrier other than subframe #0

· FFS: The frequency position of non-anchor carrier is indicated by [0, 1, or 2] bits in MIB-NB for in-band scenario.

· FFS: case for guard band and stand-alone scenarios

· FFS: Cases for 4 and 8 repetitions

· The radio frame is determined by table-1
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In this document, the remaining issues are summarized. Specifically, key views from submitted tdocs for these issues, together with recommended proposals, are provided.
2 Issues and Proposals

2.1 Issue #1: SIB1-NB transmission
2.1.1 SIB1-NB transmission on anchor carrier

· Subframe location
Alt-1: Only use subframe #0 in odd frames. 

---- Huawei, HiSilicon [1], Samsung [4], Qualcomm [7], Intel Corporation[8]

Alt-2: Beside subframe #0 in odd frames, it should be considered to use other subframes.

Proposal-1: The network can configure to be transmitted either in subframe #0 or #4 in odd frames.  ---- Ericsson [2]

Proposal-2: Subframes #4 and #8 in odd-numbered radio frames can be used together with subframes #0.

- Subframe index for SIB1-NB transmission is indicated by MIB-NB.
- Regardless of subframe index used for SIB1-NB transmission, UE expects NRS in subframe #0 not carrying NSSS.
- For the repetition number of SIB1-NB less than 16, subframes #4 and #8 are not used for SIB1-NB transmission.
- For UL/DL configuration #1, SIB1-NB can be transmitted on the subframe either #0 or #4.
- For UL/DL configuration #2~#5, SIB1-NB can be transmitted on the subframe either #0 or #8.
- If UL/DL configuration #6 is supported, SIB1-NB is transmitted on the subframe #0. 
---- LG Electronics [5]
Proposal-3: Indication in MIB-NB could be introduced to identify the subframe location of SIB1-NB. 

- Option 1. Reinterpretation of the 4-bits SIB1-NB scheduling and size field in MIB-NB.

- Option 2. Exploiting the sparse bits in legacy MIB1-NB.

---- Nokia, Nokia Shanghai Bell [6]
Proposal-4: For SIB1-NB transmission on anchor carrier with 16 repetitions, subframe #0 in odd frames and subframe #4 in even frames for TDD UL/DL configuration 1, and subframe #0 in odd frames and subframe #8 in even frames for TDD UL/DL configuration 2, 3, 4 and 5.  ---- ZTE, Sanechips [3]
Recommended Proposal: 

On an anchor carrier with 16 SIB1-NB repetitions, SIB1-NB can be transmitted on either of subframe #0 or subframe #4. FFS how the subframe is known to UE.

Work this week to determine the starting radio frame for this case, i.e. the square brackets in the table from last meeting.
2.1.2 SIB1-NB transmission on non-anchor carrier

· Non-anchor indication
Proposal-1: Indicated by 1 bit in MIB-NB. ---- Qualcomm [7], Intel Corporation [8], ZTE, Sanechips [3]
Recommended Proposal: 

Whether SIB1-NB is transmitted on anchor carrier or non-anchor carrier is indicated by 1 bit in MIB-NB.

· Repetition times: Whether 4 and 8 repetition is supported

Proposal-1: SIB1-NB transmission is not supported for 4 and 8 repetitions. ---- Huawei, HiSilicon [1]

Proposal-2: Support. ---- Ericsson [2], ZTE, SaneChips [3], Intel Corporation [8]
Recommended Proposal: 

For 4 and 8 repetitions for SIB1-NB transmission,  SIB1-NB can be transmitted on non-anchor carrier.

· Subframe location
Proposal-1: Subframes #0 and #9 for in-band/guard-band, and subframe #0 for standalone. ---- Huawei, HiSilicon [1]

Proposal-2: Subframe #0,  or subframe #0 and #5. ---- Ericsson [2], ZTE, SaneChips [3]

Proposal-3: The same as anchor carrier. ---- ZTE, SaneChips [3]
Proposal-4: Subframe #0 and #9. ---- Samsung [4]

Proposal-5: Subframe #0. ---- Qualcomm [7]

Recommended Proposal: 

Beside subframe #0, FFS subframe #5, #9 for SIB1-NB transmission on non-anchor carrier

· Non-anchor frequency location when anchor carrier is in in-band mode 
1)  Non-anchor SIB1-NB carrier operation mode

Proposal-1: In-band. 

---- Huawei, HiSilicon [1], Ericsson [2], Qualcomm [7], Intel Corporation [8], ZTE, SaneChips [3]
Recommended Proposal: 

For in-band anchor carrier, SIB1-NB non-anchor carrier is also in-band mode.

2)  The number and candidates of frequency location for non-anchor SIB1-NB carrier
Proposal-1: The higher or lower adjacent PRB relative to the anchor carrier. 

---- Huawei, HiSilicon [1], Ericsson [2], LG Electronics [5], ZTE, SaneChips [3]
Proposal-2: The frequency position is pre-defined  (i.e., 0 bit ). The offset from center frequency of adjacent carrier to the anchor carrier is either +180kHz or -180kHz. ---- Samsung [4]
Proposal-3: The four PRBs with offset values relative to anchor [x1, x2, x3,  x4]. 

---- Qualcomm [7], Intel Corporation [8]
Recommended Proposal: 

At least the higher and lower adjacent PRB relative to the anchor carrier are considered for the candidates of SIB1-NB non-anchor frequency location 
3)  Indication method

Proposal-1: Indicated by unused states of schedulingInfoSIB1. ---- Huawei, HiSilicon [1]

Proposal-2: Indicated by 2 bits in MIB-NB. ---- Qualcomm [7], Intel Corporation [8]

Proposal 3: Indicated by 1 bit in MIB-NB. ---- ZTE, SaneChips [3]

Recommended Proposal: 

   SIB1-NB non-anchor frequency location is indicated by reserved bit(s) in MIB-NB

· Non-anchor frequency location when anchor carrier is in guard band mode 

1)  Non-anchor SIB1-NB carrier operation mode

Proposal-1: Guard-band or in-band. ---- Huawei, HiSilicon [1], Ericsson [2], Samsung [4], Intel Corporation [8]

Proposal-2: Guard-band. ---- Qualcomm [7], ZTE, SaneChips [3]

Recommended Proposal: 

         At least guard-band, FFS in-band

2)  Indication method

Proposal-1: A SIB1-NB non-anchor carrier can be guard-band or in-band, with the frequency spacing indicated by one spare bit in Guardband-NB-r13. TBS, and whether the non-anchor carrier is located at a higher or lower frequency is indicated by unused states of schedulingInfoSIB1.  ---- Huawei, HiSilicon [1]
Proposal-2: 2 bits in MIB-NB for the carrier of SIB1-NB on {anchor carrier, left adjacent carrier to anchor carrier, right adjacent carrier to anchor carrier}; 1 bit in MIB-NB for a frequency offset of 0kHz or 45kHz on the configured adjacent carrier; and 1 bit in MIB-NB for the operation mode. ---- Samsung [4]

Proposal-3: 2 bits in MIB-NB indicate system BW, and 3 spare bits in 5-bit field for indication of raster offset can be used to indicate the non-anchor carrier locations. ---- Intel Corporation [8]

Proposal-4: Non-anchor carrier for SIB1-NB transmission is one of two predefined carriers in two sides of anchor carrier respectively, and indicated by 1 bit in MIB-NB. ---- ZTE, SaneChips [3]

Proposal-5: The absolute frequency offset to LTE center frequency is indicated by 2 bits in MIB-NB. 

---- Qualcomm [7]

Recommended Proposal: 

At least the higher and lower adjacent PRB relative to the anchor carrier are considered for the candidates of SIB1-NB non-anchor frequency location 
     SIB1-NB non-anchor frequency location is indicated by reserved bit(s) in MIB-NB

· Non-anchor frequency location when anchor carrier is in  standalone mode
1)  Non-anchor SIB1-NB carrier operation mode

Proposal-1: Standalone. 

---- Huawei, HiSilicon [1], Ericsson [2], Qualcomm [7], Intel Corporation [8], ZTE, SaneChips [3]

Recommended Proposal: 

         Stand-alone

The following pairings of anchor and non-anchor SIB1-NB transmissions are supported:

· In-band anchor + in-band non-anchor

· Guard-band anchor + guard-band non-anchor, FFS which guard-band combinations the signaling will permit
· Guard-band anchor + in-band non-anchor, at least for differentPCI (FFS for samePCI)
· Standalone anchor + standalone non-anchor

2)  The number and candidates of frequency location for non-anchor SIB1-NB carrier
Proposal-1: The higher or lower adjacent PRB relative to the anchor carrier. ---- Huawei, HiSilicon [1]

Proposal-2: Higher and lower non-anchor carrier frequencies with regard to anchor-carrier. 

---- LG Electronics[5], ZTE, SaneChips [3]
Proposal-3: The relative frequency offset for the non-anchor carrier to the anchor carrier can be given, e.g., in number of 15 kHz subcarriers, 180 kHz/200kHz PRBs. ---- Ericsson[2]
Proposal-4: The frequency position is pre-defined  (i.e., 0 bit ). The offset from center frequency of adjacent carrier to the anchor carrier is either + 200kHz or - 200kHz. ---- Samsung [4]
Proposal-5: The four PRBs with offset values relative to anchor [x1, x2, x3, x4]. 

---- Qualcomm [7], Intel Corporation [8]
Recommended Proposal: 

At least the higher and lower adjacent carrier relative to the anchor carrier are considered for the candidates of SIB1-NB non-anchor frequency location 
3)  Indication method

Proposal-1: Indicated by unused states of schedulingInfoSIB1. ---- Huawei, HiSilicon [1]
Proposal-2: Indicated by 2 bits in MIB-NB. ---- Qualcomm [7], Intel Corporation [8]
Proposal-3: Indicated by 1 bit in MIB-NB. ---- ZTE, SaneChips [3]

Recommended Proposal: 

     SIB1-NB non-anchor frequency location is indicated by reserved bit(s) in MIB-NB
2.1.3 Other Issues
Proposal-1: Send LS to RAN2 to consult the feasibility of reducing the size of SIB1-NB. ---- Ericsson [2]
Proposal-2: Higher repetition number of SIB1-NB on non-anchor carrier is supported. ---- LG Electronics [5]
Proposal-3: UEs can expect NRS in subframes #0, #5, and #9 in non-anchor carrier at least for the radio frames where and in between SIB1-NBs are transmitted when SIB1-NB is transmitted on non-anchor carrier. ---- LG Electronics [5]
Proposal-4: When SIB1-NB is transmitted on non-anchor carrier, FFS on interpretation and application of downlinkBitmap and nrs-CRS-PowerOffset. ---- LG Electronics [5]
Proposal-5: For SIB1-NB transmission on non-anchor carrier, the SIB1-NB scheduling information is indicated by 4 bits in MIB-NB as in FDD NB-IoT.The starting radio frame is interpreted the same as in FDD NB-IoT. 

---- Intel Corporation [8]

Recommended proposal:

FFS
2.2 NRS
NRS design include NRS pattern, sequence, antenna ports definition. For normal DL subframes, it seems FDD design can be reused. RAN1 need to decide modification for special subframes.

· NRS sequence and the number of antenna ports 

Proposal-1: The same as FDD. ---- Huawei, HiSilicon [1]

Proposal-2: Consider supporting NRS patterns for 4 antenna ports. ----  Ericsson [2]

Recommended proposal: 

NRS sequence is the same as NB-IoT FDD.

· NRS pattern for normal subframes
Proposal-1: The same as FDD. ---- Huawei, HiSilicon [1], Intel Corporation [8]

Recommended proposal: 

NRS pattern for normal subframes is the same as NB-IoT FDD.

· NRS pattern for special subframes other than configurations #0 and #5
Alt-1: The different NRS patterns are used for different special subframe configurations.

For Special subframe configurations #1, #2, #6, #7: 

Proposal-1: In 6th, 7th symbols of the first slot. ---- Huawei, HiSilicon [1], ---- Qualcomm [7]
Proposal-2: In the 3rd, 4th , 6th, and 7th symbols in the first slot. ---- ZTE, SaneChips [3]
For Special subframe configurations #9, #10: In 3rd, 4th symbols of the first slot. 

---- Huawei, HiSilicon [1], ZTE, SaneChips [3]

For Special subframe configurations #3, #4, #8: In 3rd, 4th symbols of both slots. 

---- Huawei, HiSilicon [1],  Qualcomm [7], ZTE, SaneChips [3]

Alt-2: Different special subframe configurations use the pattern.

Proposal-1: NRS pattern for normal DL subframe is reused within DwPTS region. ---- LG Electronics [5]
Proposal-2: Shift NRS on symbols #12 and #13 to symbols #9 and #10. ---- Intel Corporation[8]

Recommended proposal:

FFS
· NRS pattern for special subframe configurations #0 and #5
Proposal-1: There is no NRS transmission. ---- Huawei, HiSilicon [1]

Proposal-2: NRS is transmitted on the 3rd OFDM symbol in DwPTS in case of in-band. 

---- LG Electronics [5]
Recommended proposal:

FFS
2.3 Transmission in special subframe(SS)
RAN1 need to decide if and which SS can be used for NPDCCH/NPDSCH

· Support NPDCCH and NPDSCH transmission in DwPTS
---- Huawei, HiSilicon [9],  Ericsson [10], LG Electronics [11], Intel Corporation [12]

Proposal-1: When the number of OFDM symbols in DwPTS is greater than 3, NPDCCH and NPDSCH transmission in DwPTS can be supported.  ---- Qualcomm [7], ZTE, SaneChips [3]

Proposal-2: Special subframe with 3 DwPTS symbols is not used in in-band operation mode.

- FFS in guard band operation mode. 

---- ZTE, SaneChips [3]
Recommended proposal: 

· Agree for NPDSCH, and working assumption for NPDCCH:


· Transmission in DwPTS is supported for in-band when the number of OFDM symbols in DwPTS is greater than 3. 
· FFS if all DwPTS configurations are supported for NPDCCH
· Transmission in DwPTS is supported for guard-band and standalone for all DwPTS configurations. 
· FFS if all numbers of repetitions of NPDCCH are supported

· FFS on NRS mapping
· Details on resource mapping for NPDCCH transmission

Proposal-1: The complex-valued modulation symbols mapped on GP and UpPTS are punctured. The punctured modulation symbols for different special subframes during downlink transmission can be different.
---- Huawei, HiSilicon [9]

Proposal-2: All symbols in DwPTS can be used at least in guard-band operation mode. ---- LG Electronics [11]

Proposal-3: At least for special subframe configurations with sufficient number of DL symbols: 
- For NPDCCH transmission with repetitions, the rate matching follows the regular full DL subframe, with the transmission on remaining symbols that are not part of DwPTS being punctured. 

- For NPDCCH transmission without repetitions, consider the rate matching to available REs in DwPTS.

---- Intel Corporation [12]

Proposal-4: One DwPTS with sufficient symbols can be considered for the transmission of NPDCCH without repetition. An NCCE can be mapped on 6 consecutive OFDM symbols on all 12 subcarriers within one DwPTS. For the case in which there exist additional symbols of DwPTS after mapping NPDCCH, the same contents of earlier NPDCCH resource can be transmitted. Or it can be used to send additional reference symbols. 

---- Nokia, Nokia Shanghai Bell [6]
Proposal-5: When special subframe is used for NPDCCH transmission, NPDCCH resource mapping is done according to the available REs. ---- ZTE, SaneChips [3]

Recommended proposal:

FFS

· Details on resource mapping for NPDSCH transmission

Proposal-1: The complex-valued modulation symbols mapped on GP and UpPTS are punctured. The punctured modulation symbols for different special subframes during downlink transmission can be different.
---- Huawei, HiSilicon [9]

Proposal-2: Utilize the OFDM symbols in the DwPTS as part of the RU along with a threshold to determine whether the special subframe can be counted as part of a resource unit and rate matching is performed using the available OFDM symbols in the DwPTS. ---- Ericsson [10]

Proposal-3: All symbols in DwPTS can be used at least in guard-band operation mode. ---- LG Electronics [11]

Proposal-4: At least for special subframe configurations with sufficient number of DL symbols: 
- For NPDSCH transmission with subframes repeated more than once in each repetition cycle, the rate matching follows the regular full DL subframe, with transmission on remaining symbols that are not part of DwPTS being punctured. 

- For NPDSCH transmission without repeated subframes in each repetition cycle, consider the rate matching to available REs in DwPTS. ---- Intel Corporation [12]

Proposal-5: One DwPTS with sufficient symbols can be considered as a single RU for the transmission of NPDSCH without repetition. FFS the case NPDSCH with repetitions.

---- Nokia, Nokia Shanghai Bell [6]

Proposal-6: When special subframe is used for NPDSCH transmission, NPDSCH resource mapping is done same as normal subframe. Mapping in GP or UpPTS symbols is punctured. ---- ZTE, SaneChips [3]
Recommended proposal:

FFS
2.4 Paging configuration

Proposal-1: Compared with FDD NB-IoT, use less subframes for PO in TDD. ---- ZTE, SaneChips [3]

Proposal-2: Any valid downlink subframes other than subframe#0, subframe#5 and subframe#9 can be considered as paging subframe. Subframe#1 and Subframe#6 can be considered for paging subframe if NPDCCH can be mapped onto special subframe for all valid special subframe configurations for NB-IoT TDD. ---- Nokia, Nokia Shanghai Bell [6]

Proposal-3: Scrambling on NPDCCH is redesigned to avoid overlap of search spaces between separate POs. 

---- LG Electronics [5]

Recommended proposal:

FFS
2.5 OTDOA configuration
2.5.1 NPRS generation

· Normal subframe

Proposal-1: In normal DL subframes that are used for NPRS transmission, the NPRS generation can be the same as NB-IoT FDD. ---- Ericsson [2]

Recommended proposal:

FFS
· Special subframe

Proposal-1: Special subframes are not used for NPRS transmission. ---- Ericsson [2]

Recommended proposal:

Special subframes are not used for NPRS transmission.
2.5.2 NPRS configuration (Part A & Part B)

· Part A

Proposal-1: RAN1 to discuss whether Part A should be a shorter bitmap than 10 bits in NB-IoT TDD standalone/guard band deployment, and a shorter bitmap than 40 bits in in-band deployment indicate the NPRS subframes. 

---- Ericsson [2]
Proposal-2: For NPRS subframe configuration Part A in TDD NB-IoT, length of NPRS subframe bitmap is the same as length of valid DL subframe bitmap in which each bit of the bitmap is corresponding to a DL subframe. 

---- ZTE, SaneChips [3]

Recommended proposal:

FFS
· Part B

Proposal-1: Extend the values of NNPRS and TNPRS in Part B for the NPRS subframe configurations in NB-IoT TDD.                    The UL subframe are counted but not used when  NNPRS , TNPRS , and α are used to configure the NPRS subframes.

---- Ericsson [2]

Proposal-2: For NPRS subframe configuration Part B, 

-
Values of NNPRS and α in FDD NB-IoT can be reused for TDD. 

-
Larger value of TNPRS can be considered for TDD.

---- ZTE, SaneChips [3]

Recommended proposal:

FFS
2.5.3 NPRS muting  

· Decide if muting is supported

Proposal-1: Support muting. ---- Ericsson [2], ZTE, SaneChips [3]

Recommended proposal:

FFS
· Muting pattern details

Proposal-1: NPRS muting pattern indicated by bit string in Part A should be redefined as one bit indicated a consecutive of 10 DL NPRS subframes to be muted. NPRS muting pattern indicated by bit string in Part B can be reused in the NB-IoT FDD design. ---- Ericsson [2]
Proposal-2: Rel-14 NPRS muting pattern can be reused for TDD. ---- ZTE, SaneChips [3]

Recommended proposal:

FFS
2.6 Other Issues
Proposal-1: Do not explicitly impose the 4 ms NPDCCH dropping rule in NB-IoT TDD. That is the UE only drops the NPDCCH candidates in a search space that end before the starting of next NPDCCH search space.
Proposal-2: Consider extending the range of αoffset in the NB-IoT TDD design to offer more scheduling flexibilities.
Proposal-3: Consider extending the range of G in the NB-IoT TDD design to offer more scheduling flexibilities.
Proposal-4: The DL gap should be employed by TDD , and the DL gap only counts the DL subframes.
Proposal-5: NSSS for measurements should be supported.
---- Ericsson [2]

Proposal-6: The interference randomization based on RE level rotation shall be supported for TDD. 

---- Qualcomm [7], Ericsson [2]

Proposal-7: Efficient DCI design for TDD NB-IoT should be considered to save the DL resources for NPDCCH transmissions (e.g. multi-subframe scheduling DCI and/or compact DCI). 
Proposal-8: To avoid NPDCCH search space overlapping in TDD, the following candidate solutions are considered.

- Extending the maximum period of the starting subframe for search space

- Dropping the search space candidates or whole search space

Proposal-9: NRSRP measurement on non-anchor carrier where UE received SIB2-NB can be considered.

---- LG Electronics [5]

Recommended proposal:

FFS
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