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1. For online discussion

1.1. Offline agreements

[UL/DL and special subframe configurations]

Offline agreement
No new UL/DL configurations for standalone operation mode are supported in TDD NB-IoT

Offline agreement

Confirm the working assumption to not support UL/DL configuration #6 in Rel-15.
Offline agreement

Do not map transmissions to DwPTS and UpPTS in special subframe configuration 10 in Rel-15.

[Scheduling delay]
Offline agreement

For downlink scheduling delay, valid special subframes which include DwPTS to which NPDSCH can be mapped are counted as a part of the scheduling delay k0.
· After having another offline discussion on UL scheduling delay
Offline agreement

Uplink scheduling delays for NPUSCH format 1 are 8 absolute subframes + k0 valid uplink subframes with the same values as FDD NB-IoT.
Proposal – outcome of another offline discussion
Uplink scheduling delays for NPUSCH format 1 for 3.75kHz and 15kHz, are 8 absolute subframes + k0 valid uplink subframes, 
Alt.1) where k0 is the same as described in Table 16.5.1-1 in TS36.213 subtracting 8 from the existing values
Alt.2) where a set of k0 is {0, 8, 16, 32}

Uplink scheduling delays for NPUSCH format 2 for 3.75kHz and 15kHz, are 12 absolute subframes + k0 valid uplink subframes, where k0 is the same as described in Tables of 16.4.2-1 and 16.4.2-2 respectively in TS36.213, subtracting 12 from the existing values

For TDD configuration 1 and 4, for NPUSCH format 1 and format 2 with 3.75 kHz subcarrier spacing, if the indicated starting subframe is the 2nd of the two contiguous UL subframes, postpone the NB-slot.
[HARQ capability]

Offline agreement
Single-HARQ capable UE does not support UL/DL interlaced transmission and reception

[Remaining issues on UL/DL interlacing]

Offline agreement
The 1 ms minimum gap from end of NPUSCH format 1 for one HARQ process to NPDCCH for the other HARQ process is not specified for TDD NB-IoT.

Offline agreement
For UE configured with 2 HARQ processes, the UE is not required to monitor NPDCCH 2ms before the start of the earliest NPDSCH until the endt of the latest NPUSCH format 2
Offline agreement
For UE configured with 2 HARQ processes, the UE is not required to monitor NPDCCH 2ms before the start of the first scheduled NPUSCH until the start of the lasted NPUSCH format 1
[Gap between transmission and reception]

Offline agreement
For UE configured with 2 HARQ processes, an explicit guard time is not defined for the minimum gap between NPDCCH/NPDSCH reception and NPUSCH transmission

Offline agreement
For UE configured with 2 HARQ processes the minimum gap between NPUSCH transmission and NPDCCH/NPDSCH reception is as follows:

In the case of in-band operation mode, an explicit guard time is not defined
For 15 kHz SCS, in the case of guard-band and standalone operation modes, UE is allowed to skip at most least part of the first OFDM symbol in a downlink subframe right after an uplink subframe where the UE performs uplink transmission at least on last symbol.

· Clarify which part in CR phase

1.2. Recommended proposals

[Minimum gap and timing relationship]

Proposal: 
For UE configured with 1 HARQ process, timing relationships between channels in TDD NB-IoT are the same as FDD NB-IoT
[Remaining issues on UL/DL interlacing]

Proposal:
If UE receives an UL grant (ending in subframe n) of a HARQ process number corresponding to ongoing NPUSCH format 1 transmission and the NDI in the UL grant is different from the indicated NDI for ongoing NPUSCH format 1 transmission, then the UE shall stop the ongoing NPUSCH format 1 transmission no later than in subframe n + 8.

[Support of Cross-carrier scheduling]
Proposal:
Decide between the following options regarding cross-carrier scheduling in Rel-15 TDD NB-IoT
Different DL/UL carrier operation other than non-anchor carrier operation in Rel-14 FDD NB-IoT is not supported in Rel-15 TDD NB-IoT

DCI-based dynamic scheduling of carriers for UE-specific DL/UL transmission is supported
Different carriers for DL/UL transmission can be configured to a UE by semi-static manner

[Others]
Proposal:
The number of soft channel bits for Cat. NB1 and Cat. NB2 is the same as Rel-13/Rel-14 (e)NB-IoT FDD systems.
Proposal:
The interference randomization based on RE level rotation is applied to downlink channels for both anchor and non-anchor carrier in TDD NB-IoT.
2. Introduction

In the previous RAN1 meetings, following agreements on the common aspects were made:
As for MCL and general topics

· MCL target of 164 dB at an ‘application layer’ data rate of 160 bps is targeted for at least one UL:DL configuration (FFS which one or more than one).

· NOTE: The at least one UL:DL configuration may or may not be different for UL MCL target than DL MCL target

· For evaluations, the FDD numbers of repetitions for physical channels are assumed 

· FFS the noise figure (eNB and UE) which will be assumed

· The 2.6 GHz TDD band is prioritized for evaluations

· This does not imply that 164 dB MCL or ‘application layer’ data rate targets will be relaxed

· Targets of latency, and capacity may be relaxed for TDD NB-IoT
· Non-anchor carriers at least for unicast, paging and RACH are supported in NB-IoT TDD

· Supporting two HARQ processes is an optional UE capability in NB-IoT TDD system.

· The maximum UL and DL TBS for Cat. NB1 and Cat. NB2 are kept the same as Rel-13/Rel-14 (e)NB-IoT FDD systems

As for UL/DL and special subframe configurations

· TDD UL:DL configuration 0 is not supported in TDD NB-IoT in Rel-15

· Working assumption to be automatically confirmed if RAN4 reply LS to R1-1715304 does not raise a problem:

· TDD NB-IoT will support all LTE special subframe configurations

· Working assumption
· TDD UL:DL configuration 6 is not supported in TDD NB-IoT in Rel-15

· Conclusion: 

· Revisit the working assumption about TDD UL/DL configuration 6 once the TDD design as a whole is more advanced.

· For standalone mode, at least the same UL/DL configurations as TDD NB-IoT in-band/guard-band are supported. FFS new UL/DL configurations in standalone.

· FFS CRS-less special subframe configuration 10 is supported  

· For in-band

· UpPTS is not used for NPUSCH and NPRACH

· For standalone and guard-band

· In the LTE special subframe configurations, UpPTS behaviour is the same as in-band

· For standalone

· FFS if to introduce new special subframe configurations comprising ‘DwPTS+GP’ and ‘GP+UpPTS’, and FFS the use of DwPTS/UpPTS in them
· DwPTS can be used for NB-IoT transmission in CRS-less special subframe configuration #10 in TDD NB-IoT.

· FFS on how to use the blank REs corresponding to CRSs

As for signalling

· UL/DL configuration and the special subframe configuration are indicated via SIB1-NB.

· Higher layers signal one bitmap containing to indicate whether the DL/UL/special subframes are valid or not.

· The length of the bitmap applies to

· For guard-band: 10 ms

· For standalone: 10 ms

· FFS: other values if any for co-existence purpose 
· For in-band: At least 10 ms and 40 ms are supported; FFS if also an 80 ms length is supported for coexistence with dynamic TDD.

As for scheduling

· Dynamic indication of scheduling delay in DCI is used for TDD NB-IoT.

· FFS: definition of DL/UL scheduling delay
· Downlink scheduling delay is defined by 4 physical subframes + k0, and k0 is based on valid downlink subframes. The scheduling delay values in FDD NB-IoT are reused.

· FFS on whether valid special subframes which include DwPTS can be counted as a part of the scheduling delay k0
As for UL/DL interlacing

· A 2-HARQ capable UE configured with 2 HARQ processes can be scheduled to transmit in UL subframes that occur during a DL reception, and receive in DL subframes that occur during a UL transmission.

· For a UE configured with 2 HARQ processes, the minimum timing relationships within one HARQ process for NPDCCH to NPDSCH, NPDCCH to NPUSCH format 1, NPDSCH to corresponding ACK/NACK, NPUSCH format 1 to corresponding ACK/NACK, and NPUSCH format 2 to next DCI for the same process, are the same as Rel-14 FDD.

· The 1 ms minimum gap from end of NPUSCH format 2 for one HARQ process to NPDCCH for the other HARQ process is not specified for TDD NB-IoT.

· For UE configured with 2 HARQ processes, eNB can schedule NPDSCH of a DL HARQ process which begins before the completion of NPUSCH format 1 for an UL HARQ process or format 2 of the other DL HARQ process transmission

· For UE configured with 2 HARQ processes, eNB can schedule NPUSCH format 1 for an UL HARQ process or format 2 of a DL HARQ process which begins before the completion of NPDSCH reception for the other DL HARQ process

· Collisions between NPUSCH format 1 for an UL HARQ process and NPUSCH format 2 corresponding to a DL HARQ process are assumed to be avoided by eNB, with no specified UE behavior in case of collision.
In this document, the remaining issues are summarized and recommended proposals are provided based on the submitted 10 T-docs [1]-[10]. In addition, another T-doc, submitted into TDD 6.2.7.4 and discussing the aspects of facilitating close coexistence of NB-IoT TDD with NR, is captured in this document for convenience [11]
3. Summary and Proposals
There are 6 sub-sections in this section, and all of observations and conclusions as well as proposals from 11 T-docs have been captured in Appendix section below. And they are grouped properly under the ‘Summary of Issues and Proposals’ bullets so that companies can see what sub-issues are going to be treated together. Under the ‘Recommendations’ bullets, you can find proposals which reflect many companies’ opinions. In addition, a couple of remaining issues that are necessary and essential from feature lead’s point of view are listed. Note that the proposals that only say ‘can be considered or introduced’ without particular suggestions are not considered in ‘Recommended Proposals’ but it does not necessarily mean that they are not important or not going to be treated in online sessions.
3.1. MCL and latency requirements
Summary of Issues and Proposals:

It has been pointed out many times over the previous meetings that some requirements such as MCL, latency, cost, battery lifetime, and so on would not be easy to be met in all scenarios. Observations and proposals suggest to limit assessment cases for the verification of requirements to certain configurations (e.g., UL/DL configuration #1 and #2) and find ways (e.g., early termination, aggressive channel estimator, and non-anchor carrier operation) to overcome root causes due to e.g., the lack of available resources in downlink and uplink. On top of that, the relaxation of requirement particularly on the latency has been proposed. As of now, however, only two companies have shared their views on this, though it is one of essential issues. Therefore, I’d like to suggest interested companies to have an offline discussion on this topic and put emphasis on the need for this issue so that companies will be encouraged to have another look at it.
Recommendations:

FFS: MCL/latency requirement relaxation, scenarios and configurations for assessment
Continue discussion

3.2. TDD and NB-IoT subframe configurations

A) UL/DL and special subframe configurations
Recommendations:

Offline agreement
No new UL/DL configurations for standalone operation mode are supported in TDD NB-IoT

Proposal: Decide whether or not to support UL/DL configuration #6 in TDD NB-IoT in this meeting. And if UL/DL configuration #6 is supported, then whether or not to support NPUSCH with 3.75kHz subcarrier spacing and which format(s) of NPRACH will be supported in UL/DL configuration #6 is decided.
Offline agreement
Confirm the working assumption to not support UL/DL configuration #6 in Rel-15.
Proposal: Decide whether or not to introduce new special subframe configurations for standalone operation mode in TDD NB-IoT in this meeting
Proposal: Decide whether or not to use DwPTS and/or UpPTS of special subframe configuration #10 in this meeting
Offline agreement

Do not map transmissions to DwPTS and UpPTS in special subframe configuration 10 in Rel-15.
Summary of Issues and Proposals:

1) UL/DL configuration #6

· is supported – Huawie, HiSilicon, Intel, Samsung, Lenovo, Motorola Mobility
· is not supported – Ericsson, Qualcomm, ZTE, SaneChips

2) New UL/DL configuration(s) for standalone operation mode

· is (or can be) introduced – Nokia, NSB
· is not introduced – Ericsson, ZTE, SaneChips, Qualcomm, Intel

3) New special subframe configuration(s), e.g., ‘DwPTS + GP’ and ‘GP + UpPTS’, for standalone operation mode

· is (or can be) introduced – Nokia, NSB, ZTE, SaneChips
· is not introduced – Huawie, HiSilicon, Qualcomm, Intel
B) Bitmap for NB-IoT valid subframe configurations
Summary of Issues and Proposals:

1) Bitmap length for in-band operation mode
· does not support 80ms – Huawei, HiSilicon, ZTE, SaneChips
2) Bitmap length for guard-band and standalone operation modes

· supports 40ms – ZTE, SaneChips

3.3. Scheduling delay and Timing relationship

C) Scheduling delay
Recommendations:
Offline agreement

For downlink scheduling delay, valid special subframes which include DwPTS to which NPDSCH can be mapped are counted as a part of the scheduling delay k0.

Offline agreement

Uplink scheduling delays for NPUSCH format 1 are 8 absolute subframes + k0 valid uplink subframes with the same values as FDD NB-IoT.
Proposal:
Uplink scheduling delays for NPUSCH format 1 for 3.75kHz and 15kHz, are 8 absolute subframes + k0 valid uplink subframes, where k0 is the same as described in Table 16.5.1-1 in TS36.213 subtracting 8 from the existing values
Uplink scheduling delays for NPUSCH format 1 for 3.75kHz and 15kHz, are 8 absolute subframes + k0 valid uplink subframes, where a set of k0 is {0, 8, 16, 32}
Uplink scheduling delays for NPUSCH format 2 for 3.75kHz and 15kHz, are 12 absolute subframes + k0 valid uplink subframes, where k0 is the same as described in Tables of 16.4.2-1 and 16.4.2-2 respectively in TS36.213, subtracting 12 from the existing values

For TDD configuration 1 and 4, for NPUSCH format 1 and format 2 with 3.75 kHz subcarrier spacing, if one of the two consecutive UL subframes is configured invalid or the 2ms slot starts in the 2nd of the two contiguous UL subframes, postpone the NB-slot.
For 3.75 kHz, NPUSCH transmission starts from the first valid uplink subframes which accommodate  after the scheduling delay.

FFS within today for 3.75 kHz

Summary of Issues and Proposals:

1) For downlink scheduling delay, valid special subframes which include DwPTS are counted as a part of the scheduling delay k0
· Supporting companies – Ericsson, Huawei, HiSilicon, Nokia, NSB, Qualcomm, Intel, III (whether the scheduling delay counts the special subframes is indicated by the scheduling DCI)
2) Uplink scheduling delay for NPUSCH format 1 is based on

· valid uplink subframes – Ericsson, Huawei, HiSilcon (with the same values as FDD), Qaulcomm, Intel (with the same values as FDD)
· physical subframes – ZTE, SaneChips (in unit of 10)

· N physical subframes + k0 valid uplink slots – Lenovo, Motorola
· 8 physical subframes + k0 valid uplink subframes – Samsung (with k0={0, 8, 16, 32}), III
3) Uplink scheduling delay for NPUSCH format 2 is based on

· valid uplink subframes – Huawei, HiSilcon (with the same values as FDD), Qaulcomm, Intel (with the same values as FDD)
· physical subframes – ZTE, SaneChips (in unit of 10)

· N physical subframes + M (indicated by 4-bit HARQ-ACK resource in DL grant) valid uplink slots – Lenovo, Motorola
· 12 physical subframes + M (indicated by 4-bit HARQ-ACK resource in DL grant) valid uplink subframes – III
4) NPUSCH transmission starts from the first valid uplink subframe after the scheduling delay

· Supporting companies – Samsung, III
D) Minimum gap and timing relationship
Recommendations:

Proposal: For UE configured with 1 HARQ process, timing relationships between channels in TDD NB-IoT are the same as FDD NB-IoT
Summary of Issues and Proposals:

1) For UE configured with 1 HARQ process, keep the same timing relationships in TDD NB-IoT as in FDD NB-IoT
· Supporting companies –Ericsson

3.4. UL/DL interlaced HARQ

E) HARQ capability
Recommendations:

Offline agreement
Single-HARQ capable UE does not support UL/DL interlaced transmission and reception

FFS: An introduction of separate UE capability for UL/DL interlaced scheduling from 2-HARQ capability

Summary of Issues and Proposals:

1) Single-HARQ capable UE does not support UL/DL interlacing
· Supporting companies – Ericsson, Huawei, HiSilicon, Intel
2) An introduction of separate UE capability for UL/DL interlaced scheduling from HARQ capability
· is necessary – Qualcomm
· is not necessary – Ericsson
F) Remaining issues on UL/DL interlacing
Recommendations:

Offline agreement
The 1 ms minimum gap from end of NPUSCH format 1 for one HARQ process to NPDCCH for the other HARQ process is not specified for TDD NB-IoT.

Offline agreement
For UE configured with 2 HARQ processes, the UE is not required to monitor NPDCCH 2ms before the start of the earliest NPDSCH until the endt of the latest NPUSCH format 2
Offline agreement
For UE configured with 2 HARQ processes, the UE is not required to monitor NPDCCH 2ms before the start of the first scheduled NPUSCH until the end of the lasted NPUSCH format 1
FFS: Early termination of NPUSCH format 1 transmission for TDD NB-IoT
Proposal:
If UE receives an UL grant (ending in subframe n) of a HARQ process number corresponding to ongoing NPUSCH format 1 transmission and the NDI in the UL grant is different from the indicated NDI for ongoing NPUSCH format 1 transmission, then the UE shall stop the ongoing NPUSCH format 1 transmission no later than in subframe n + 8.
Summary of Issues and Proposals:

1) For UE configured with 2 HARQ processes, the UE is not required to monitor NPDCCH

· 2ms before the start of the earliest NPDSCH and Yms after the end of NPDSCH – Qualcomm (Y=10), III (Y=12)
· from the start of the earliest NPDSCH until the start of the latest NPUSCH format 2 – Ericsson
· 2ms before the start of the earliest NPDSCH until the start of the latest NPUSCH format 2 –Huawei, HiSilicon, Samsung, Intel
· 2ms before the start of the first scheduled NPUSCH until the start of the NPUSCH format 1 –Huawei, HiSilicon, Intel
· during ongoing NPDSCH reception – LGE
2) Early termination of NPUSCH format 1 transmission for TDD NB-IoT
· is supported – Ericsson (NPUSCH format 2 as well), ZTE, SaneChips, Samsung (if NO new mechanism is introduced for early termination)
· is not supported – Huawei, HiSilicon, Qualcomm, Intel
G) Gap between transmission and reception
Recommendations:

Offline agreement
For UE configured with 2 HARQ processes, an explicit guard time is not defined for the minimum gap between NPDCCH/NPDSCH reception and NPUSCH transmission

Offline agreement
For UE configured with 2 HARQ processes the minimum gap between NPUSCH transmission and NPDCCH/NPDSCH reception is as follows:

In the case of in-band operation mode, an explicit guard time is not defined
For 15 kHz SCS, in the case of guard-band and standalone operation modes, UE is allowed to skip at least part of the first OFDM symbol in a downlink subframe right after an uplink subframe where the UE performs uplink transmission.

· Clarify which part in CR phase
Summary of Issues and Proposals:

1) An explicit guard time for the minimum DL-to-UL switching time (i.e., from NPDCCH/NPDSCH reception to NPUSCH transmission) is not defined
· Supporting companies – Huawei, HiSilicon, LGE, Samsung
2) An explicit guard time for the minimum UL-to-DL switching time (i.e, from NPUSCH transmission to NPDCCH/NPDSCH reception) is not defined for in-band operation mode
· Supporting companies – LGE, Samsung
3) An implicit guard time for the minimum UL-to-DL switching time (i.e, from NPUSCH transmission to NPDCCH/NPDSCH reception) is necessary for guard-band and standalone operation modes

· Supporting companies – LGE, Samsung
3.5. Cross-carrier scheduling
H) Support of Cross-carrier scheduling
Recommendations:

Proposal: Decide between the following options regarding cross-carrier scheduling in Rel-15 TDD NB-IoT
Different DL/UL carrier operation other than non-anchor carrier operation in Rel-14 FDD NB-IoT is not supported in Rel-15 TDD NB-IoT

DCI-based dynamic scheduling of carriers for UE-specific DL/UL transmission is supported
Different carriers for DL/UL transmission can be configured to a UE by semi-static manner

Summary of Issues and Proposals:

1) Cross-carrier scheduling
· is not supported – Huawei, HiSilicon
· is supported – ZTE, SaneChips, LGE, Samsung, Qualcomm
· for Msg.2/3/4 in random access procedure – ZTE, SaneChips

· dynamic cross-carrier scheduling for NPDSCH and NPUSCH format 1 – ZTE, SaneChips, Samsung
· static cross-carrier scheduling – LGE (one DL carrier and one UL carrier), Qualcomm
3.6. Others

Summary of Issues and Proposals:

Though common proposals are not found between individual ones in this section, I’d like to suggest to put a couple of proposals, which seem to be readily agreeable to the group from a feature lead’s perspective, on ‘Recommended proposals’ and try them one at a time. Other proposals are recommended to go through offline discussions led by interested companies first.
Recommendations:

Proposal: The number of soft channel bits for Cat. NB1 and Cat. NB2 is the same as Rel-13/Rel-14 (e)NB-IoT FDD systems.
Proposal: The interference randomization based on RE level rotation is applied to downlink channels for both anchor and non-anchor carrier in TDD NB-IoT.
4. Appendix

Proposals, observations, and conclusions are copied in tables under the relevant bullets.
· MCL and latency requirements
	from Ericsson

Observation 1: A MCL target of 164dB seems to be too aggressive to be met in a TDD operation, and we will need to find a way to compensate for lack of available resources in DL and UL through for example relaxation of the latency, allow for early termination, or a much more aggressive channel estimator, etc.

	from Nokia, Nokia Shanghai Bell

Proposal 1: NB-IoT objectives for cost, coverage, and battery life should not be relaxed for TDD, while latency requirement may be relaxed. It is FFS how equivalent capacity for TDD should be evaluated and whether any relaxation would be required.

Proposal 2A: Configuration#1 and Configuration#2 shall be considered as reference configuration for MCL evaluation for uplink and downlink. Non anchor carrier operation is mandatory to achieve maximum MCL gain for these configurations.


· TDD and NB-IoT subframe configurations
	from Ericsson

Proposal 1: Confirm the working assumption that in Rel-15 the LTE TDD configuration#6 is not supported by TDD NB-IoT.

Proposal 2: In Rel15, no new UL/DL configurations are introduced in standalone TDD NB-IoT.

	from Huawei, HiSilicon

Proposal 1: UL-DL configuration #6 is supported in TDD NB-IoT.

Proposal 2: In TDD NB-IoT, special subframe configurations i.e. {ssp0, ssp1, ssp2, ssp3, ssp4, ssp5, ssp6, ssp7, ssp8, ssp9, ssp10 and CRS-less ss} are indicated by 4 bits in SIB1-NB.

Proposal 3: In CRS-less special subframes, REs corresponding to CRS are mapped for NPDCCH/NPDSCH.

Proposal 4: Additional new special subframe configurations are not supported for standalone mode.

Proposal 13: Do not support 80 ms bitmap to indicate valid subframe configuration for in-band operation mode in Rel-15 TDD NB-IoT.

	from Nokia, Nokia Shanghai Bell

Proposal 3: For NB-IoT TDD inband deployment with LTE where the dynamic switching is enabled, the NB-IoT TDD should only use the minimum uplink subframes for its common channel operation to avoid interference with the LTE TDD cell which dynamically switches the UL/DL configuration frequently.

Proposal 4: For dynamic TDD co-existence, NB-SIB only conveys the default TDD configuration which will remain static for longer duration. In this case the bitmap length for DL/UL/Invalid subframes need not align to the dynamic TDD switching periodicity.
Proposal 5: Indication of active TDD configuration via NPDCCH for UE in normal coverage should be considered for efficient resource utilization and traffic adaptation for NB-IoT traffic considering the dynamic change of configuration.
Proposal 6 : Dynamic TDD configuration of LTE should not modify the subframes corresponds to common channels of Inband NB-IoT operations.
Observation 3 : Reuse of same UL/DL configuration for both FDD and TDD operations of NB-IoT will restrict the flexibility of channel mapping for standalone operation which enables maximum reuse of physical channels of NB-IoT FDD.
Proposal 7 : Whether standalone NB-IoT TDD deployments can use different UL/DL configurations than used in the LTE TDD operations and applicable deployment scenarios requires further analysis. If allowed, the standalone NB-IoT TDD configuration can have more flexible UL/DL configurations than the configurations defined for LTE operations.
Proposal 8 : New special subframe configurations with GP+UL only and GP+DL only are required for effective resource utilization of resources in NB IoT Standalone deployments.
Proposal 9 : NPUSCH and NPRACH transmission on UPPTS should be investigated further including additional changes required for NPUSCH Resource units and NPRACH Formats to support special subframe configuration #10.

	from ZTE, SaneChips

Proposal 1: For standalone mode, no new UL/DL configuration is supported.
Proposal 2: For standalone mode, new special subframe configuration comprising ‘DwPTS+GP’ and ‘GP+UpPTS’ are introduced

· For ‘DwPTS+GP’ structure, the number of DwPTS symbols is 13.

· NRS pattern reuses the pattern of special subframe configuration 4.

· For ‘GP+UpPTS’ structure, the number of UpPTS symbols is 13.

· Legacy NPRACH structure is reused. 

· NPUSCH resource is mapped as normal subframe but puncturing the GP symbol.

· ‘GP+UpPTS’ is not used for NPUSCH transmission with 3.75 kHz subcarrier spacing.

Proposal 4: For standalone and guard-band operation modes, 40-bit bitmap length should be supported.

Proposal 5: For in-band mode, 80-bit bitmap length is not supported.

	from Qualcomm Incorporated

Proposal 1: Confirming the working assumption that UL/DL configuration #6 is not supported in TDD NB-IoT.

Proposal 2: No additional UL/DL configurations and special subframe configurations are introduced for standalone mode in Rel-15.

	from Intel

Proposal 1 : Support TDD configuration 6 for TDD NB-IoT.
Proposal 2 : New TDD UL/DL configurations and special subframe configurations are not supported for standalone mode.

	from III

Proposal 1: NB-IoT DL subframes are defined as the valid DL subframes not used for NPSS/NSSS/NPBCH/SIB1-NB.
Proposal 2: NB-IoT UL subframes are defined as the valid UL subframes excluding the subframes with all subcarriers allocated to NPRACH.


· Scheduling delay and Timing relationship
	from Ericsson

Proposal 3: For UE configured with 1 HARQ process, keep the same timing relationships in TDD NB-IoT as in FDD NB-IoT.
Proposal 5: When a special subframe is configured to be valid and DwPTS can be used for DL transmission for any UEs, the DwPTS should be counted as a part of the scheduling delay k0.

Proposal 6: For UE configured with 1 HARQ process, use the same scheduling in TDD NB-IoT as in FDD NB-IoT, and the delays are interpreted with respect to the corresponding valid UL subframes.

	from Huawei, HiSilicon

Proposal 5: Valid special subframes which include DwPTS are counted as a part of the downlink scheduling delay k0.

Proposal 6: In TDD NB-IoT, UL scheduling delay is based on valid uplink subframes with the same values as FDD.

	from Nokia, Nokia Shanghai Bell

Proposal 10 : DWPTS can be considered as valid subframe for counting the frames for scheduling delay if use of DWPTS is considered as additional resource for NPDSCH.

	from ZTE, SaneChips

Observation 1: Uplink Scheduling timing based on unit of N physical subframes (N = 10) is beneficial for cross-subframe combing for NPUSCH repetitions. 

Proposal 3: For NPUSCH scheduling in TDD NB-IoT, scheduling delay is in unit of N physical subframes.

· N = 10

	from Lenovo, Motorola Mobility
Proposal 4: The gap between the end of NPDSCH transmission and associated UL ACK/NACK is absolute subframe plus additional valid NB uplink slot delay indicated by DCI.

Proposal 5: The gap between uplink grant and associated NPUSCH transmission is absolute subframe plus additional valid NB uplink slot delay, and the detail NB uplink slot delay is related to NPUSCH data subcarrier spacing.

	from Samsung

Proposal #4: The uplink scheduling delay is defined as 8 physical subframes + k0, with k0 = {0, 8, 16, 32} in TDD, where k0 is based on valid uplink subframes.

Proposal #4: For TDD NB-IoT, the same method (absolute value of ms) of scheduling delay indication in DCI can be resued. The NPUSCH transmission starts from the first valid uplink subframe after the scheduling delay.

Proposal #9: Timing relationship of UL/DL interlaced HARQ processes in TDD NB-IoT needs to be further evaluated.

	from Qualcomm Incorporated

Proposal 3: The downlink scheduling delay values in FDD are reused for TDD NB-IoT, and the scheduling delay is determined by counting the valid NB-IoT DL and special subframes.
Proposal 4: For TDD, the uplink scheduling delay for NPUSCH format 1 and 2 is determined by counting the valid NB-IoT UL subframes.

	from Intel

Proposal 3: For DL scheduling delay, the valid special subframe is counted as a part of the DL scheduling delay.

Proposal 3: For UL scheduling delay, reuse the FDD UL scheduling delay values and only count the valid UL subframes as a part of the UL scheduling delay. 

· Special subframe is not counted as a part of the UL scheduling delay.

	from III

Proposal 3: Whether the scheduling delay counts the special subframes is indicated by the scheduling DCI.

Proposal 4: Scheduling delay for TDD NB-IoT NPUSCH format 1 is defined by 8 physical subframes + k0, and k0 is based on NB-IoT UL subframes, and NPUSCH format 1 is started from the first NB-IoT UL subframe after the scheduling delay.
Proposal 5: Scheduling delay for TDD NB-IoT NPUSCH format 2 is defined by 12 physical subframes + k0, and k0 is based on NB-IoT UL subframes, and NPUSCH format 2 is started from the first NB-IoT UL subframe after the scheduling delay.


· UL/DL interlaced HARQ
	from Ericsson

Proposal 4: UL/DL interlacing is not supported for UE configured with 1 HARQ process.

Proposal 7: No separate UE capability is needed for UL/DL interlacing.

Proposal 8: For UE configured with 2 HARQ processes, the UE does not monitor NPDCCH if it has an ongoing NPDSCH transmission from any HARQ process plus a 12 ms from the end of the NPDSCH transmission.

Proposal 9: For UE configured with 2 HARQ processes, if there is an ongoing NPUSCH transmission but there is no NPDSCH transmission, the UE should monitor the DL subframes for DCI.

Proposal 10: For UE configured with 2 HARQ processes, early termination of UL NPUSCH transmission should be supported to both save the UE power and increase the system capacity.

	from Huawei, HiSilicon

Proposal 7: For single-HARQ Cat. NB1 UEs, the UE cannot be scheduled to transmit in UL subframes that occur during a DL reception, nor receive in DL subframes that occur during a UL transmission.
Proposal 8: For 2 DL or 2 UL HARQ processes in Rel-15 TDD NB-IoT, the 1 ms gap between NPUSCH to any DL reception is not defined.

Proposal 9: Early termination is not supported in Rel-15 TDD NB-IoT.
Proposal 10: For UE configured with 2 HARQ processes, the UE is not required monitor NPDCCH from the start of the earliest NPDSCH until the start of the latest NPUSCH format 2.
Proposal 11: After receiving one DL grant, the UE supporting 2 HARQ processes is required to continue monitoring any NPDCCH search spaces containing candidates ending at least 2 ms before the start of first scheduled NPDSCH.

Proposal 12: After receiving one UL grant, the UE supporting 2 HARQ processes is required to continue monitoring any NPDCCH search spaces containing candidates ending at least 2 ms before the start of first scheduled NPUSCH format 1.

	from ZTE, SaneChips

Proposal 6: For a two-HARQ capable UE in TDD NB-IoT, early termination of UL transmission can be supported by sending a new UL grant with the same HARQ process ID.

	from LG Electronics

Proposal 1: When UL/DL interlaced scheduling is configured for UE configured with 2 HARQ processes, the UE is not required to monitor NPDCCH candidates within the search space if it has an ongoing NPDSCH transmission from any HARQ process
Proposal 2: When UL/DL interlaced scheduling is configured for UE configured with 2 HARQ processes, the minimum gaps for transceiver switching time are as follows:

· For the minimum gap between NPDCCH/NPDSCH reception and NPUSCH transmission, an explicit guard time is not defined

· For the minimum gap between NPUSCH transmission and NPDCCH/NPDSCH reception,

· an explicit guard time is not defined in the case of in-band operation mode

· UE is allowed to skip receiving the first OFDM symbol in a downlink subframe right after an uplink subframe where the UE performs uplink transmission in the case of guard-band and standalone operation modes

	from Samsung

Proposal #5: For UL/DL interlacing capable UE with one UL HARQ process and one DL HARQ process, the following are supported:
· If UE are not already scheduled with two HARQ processes, UE monitors NPDCCH during NPUSCH format 1 or format 2 transmission;
· UE is not expected to receive NPDCCH during NPDSCH reception of the DL HARQ processes;
· NPDCCH monitoring during the gap between NPDSCH and the corresponding ACK/NACK feedback might have impact on UE decoding of NPDSCH and should be further discussed.
Proposal #6: GP+UpPTS is used for DL-to-UL switching. For UL-to-DL switching, the control region is used for in-band, and for guard-band/standalone further evaluation is needed that which symbol(s) should be punctured.

	from Qualcomm Incorporated

Proposal 8: For a UE configured with 2 HARQ processes in TDD NB-IoT, UE is not expected to monitor NPDCCH Xms before the start of NPDSCH and Yms after the end of NPDSCH where X is 2 and Y is 10.

Proposal 9: Early termination of uplink transmission is not supported for TDD NB-IoT in Rel-15.
Proposal 10: For UE capable of 2 HARQ processes, the support of interlacing UL and DL HARQ can be indicated by a separate capability signalling.

	from Intel

Proposal 4: Interlaced DL and UL transmission is not supported for single-HARQ capable UE. 

Proposal 4: UE is not required to monitor NPDCCH from the start of the earliest NPDSCH until the start of the latest NPUSCH format 2. 

Proposal 4: Early termination of NPUSCH for TDD NB-IoT is not supported in this release. 

	from III

Proposal 6: For a 2-HARQ UE with 1 UL HARQ process and 1 DL HARQ process, the UE is not required to monitor NPDCCH from 2 subframes before the start of a NPDSCH, until 12 subframes after the end of the NPDSCH.


· Cross-carrier scheduling
	from Huawei, HiSilicon

Conclusion: It is not appropriate to further discuss cross-carrier scheduling in TDD NB-IoT in Rel-15.

	from ZTE, SaneChips

Observation 2: The blocking issue of Msg2/3/4 transmission can be avoided by cross-carrier scheduling, which is beneficial for power and resource saving of the NB-IoT UEs.
Observation 3: If cross-carrier scheduling for Msg2/3/4 is not supported in Rel-15, backward compatibility should be considered and more standardization effort will be needed. 

Proposal 8: Cross-carrier scheduling for Msg2/3/4 messages is supported in Rel-15 for TDD NB-IoT.

Proposal 9: If cross-carrier scheduling for NPDSCH/NPUSCH format 1 is supported, 

· NPDSCH and NPUSCH format 1 share the same carrier set.

· the carrier for transmission of NPDSCH/NPUSCH format 1 is indicated by DCI.

· NPDCCH is transmitted in the first carrier of the configured carrier set for cross-carrier scheduling.

· NPUSCH format 2 can be transmitted in the carrier where the UE locates before the transmission moment of NPUSCH format 2.

	from LG Electronics

Proposal 3: The following multi-carrier operations are supported in a static manner.
· Different carriers for downlink reception and uplink transmission can be configured without carrier indication signaling in DCI
· Carriers for NPDCCH monitoring and NPDSCH reception are the same

· Carriers for NPUSCH format 1 and format 2 transmissions are the same

· NB-IoT carriers in center-6RB can be used for uplink only carrier
· For the minimum time gap for carrier switching from downlink to uplink, an explicit guard time is not defined
· For the minimum time gap for carrier switching from uplink to downlink, UE is allowed to skip receiving the first N OFDM symbols in a downlink subframe right after an uplink subframe where the UE performs uplink transmission
· N is determined by RAN4, and it can be zero if not necessary

	from Samsung

Proposal #1: Support cross carrier scheduling in NB-IoT TDD system, with 1ms for UL-to-DL or DL-to-UL carrier switching. 

Proposal #2: Use DCI to indicate one of the carrier for NPDSCH or NPUSCH format 1 transmission from a set of DL or UL carriers configured by RRC.

Proposal #3: The carrier for NPUSCH format 2 transmission is configured by RRC.

	from Qualcomm Incorporated

Proposal 7: The RRC based cross-carrier scheduling is supported for NB-IoT TDD where the non-anchor carrier for NPDCCH, NPDSCH and NPUSCH can be independently configured.


· Others
	from Huawei, HiSilicon

Proposal 14: The number of soft channel bits for Cat. NB1 and Cat. NB2 is the same as Rel-13/Rel-14 (e)NB-IoT FDD systems.
Proposal 15: The value range of ack-NACK-NumRepetitions, ack-NACK-NumRepetitions-Msg4 and NTA are the same as Rel-13 NB-IoT.

	from Nokia, Nokia Shanghai Bell

Proposal 2: TDD design should be based on Rel-14 FDD and should strive for commonality between TDD and FDD.

	from Qualcomm Incorporated

Proposal 5: The interference randomization based on RE level rotation shall be supported for both anchor and non-anchor carrier in TDD NB-IoT.
Proposal 6: The support of cyclic repetition can be independently configured for downlink and uplink in TDD NB-IoT with a reduced number of repetitions before RV cycling.
Proposal 1: RAN1 shall discuss possible scenarios and enhancements to NB-IoT TDD for coexistence with NR
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