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1 Introduction
In RAN #77 meeting, revised WID RP-172063 on Further NB-IoT enhancements was adopted [1]. One of the objectives is to support for TDD.

Support for TDD [RAN1, RAN2, RAN4]
Specify TDD support for in-band, guard-band, and standalone operation modes of NB-IoT. The design shall assume no UL compensation gaps are needed by UE, and strive towards a common design among the deployment modes.

In RAN1 #90, #92 and #92bis meetings, the following agreements and working assumption were achieved [2] [3] [4].
· At least NPSS, NSSS are transmitted on the same NB-IoT carrier.

· Non-anchor carriers at least for unicast, paging and RACH are supported in NB-IoT TDD

· For DL: subcarrier spacing, CP length, symbol length, subframe length, and radio frame length are the same in TDD as FDD

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

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

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

· 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.

· Confirm the following working assumption as agreement.

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

· 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

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

· 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.

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

· FFS: definition of DL/UL scheduling delay

· Higher layers signal one bitmap 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.

· 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

· 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

· 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
In this contribution, we discuss the remaining issues on common aspects to support for TDD NB-IoT.
2 Discussion on remaining issues on common aspects

Issue#1: For standalone mode, whether new UL/DL configurations is supported?

In RAN1#90bis meeting, the following agreement was achieved for DL aspect: 

· For NPSS, NSSS and NPBCH transmission in TDD:

· NPSS is transmitted on subframe #5 in every radio frame

· NSSS is transmitted on subframe #0 in every even-numbered radio frame

· NPBCH is in subframe 9 in every radio frame on the same carrier as NPSS/NSSS.

Since the above agreement for NPSS, NSSS and NPBCH transmission is for all operation modes, subframe #0, #5 and #9 are always downlink subframe for standalone operation mode. In addition, for TDD UL/DL configurations #1~#6, one to five UL subframes per radio frame can be supported, which is flexible enough. In this case, there is no need to introduce any new UL/DL configuration for standalone mode.

Proposal 1: For standalone mode, no new UL/DL configuration is supported. 

Issue#2: For standalone mode, whether to introduce new special subframe configurations comprising 'DwPTS+GP' and 'GP+UpPTS'?

For standalone mode, since there is no need to consider the coexistence with LTE system, DwPTS + GP + UpPTS structure would limit the resource utilization efficiency of special subframes. New special subframe configuration such as ‘DwPTS + GP’ or ‘GP + UpPTS’ can be considered. In this case, all the available symbols in a special subframe can be used for downlink transmission or uplink transmission. Such special subframe can be used as normal downlink or normal uplink subframe except that the symbol(s) colliding with GP would be punctured. For ‘DwPTS + GP’, introducing new number of DwPTS symbols can increase scheduling flexibility of the eNB. The number of DwPTS symbols is extended to 13. The NRS pattern of ‘DwPTS + GP’ reuses the NRS pattern of special subframe configuration 4. If ‘GP + UpPTS’ structure is introduced, number of uplink symbols can be increased to 13. UpPTS can be used for NPRACH/NPUSCH transmission. There is no need to introduce new NPRACH structure or new special NPUSCH mapping. Legacy NPRACH structure is reused. NPUSCH resource is mapped as normal subframe but puncturing the GP symbol. In order not to increase the scheduling complexity, ‘DwPTS + GP’ structure is not used for NPUSCH transmission with 3.75 kHz subcarrier spacing.
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. 
Issue#3: Definition of UL scheduling delay and values?

For NPUSCH scheduling in TDD NB-IoT, when cyclic repetition for NPUSCH is reused for TDD, uplink scheduling timing based on unit of N physical subframes (N = 10) can guarantee the maximum gain of the cross-subframe combining. The uplink scheduling delay is in unit of 10 physical subframes, as defined in Table 1, the scheduling delay indicated by DCI format N0 can be 20, 40, 80 and 160 physical subframes respectively. The subframe for NPUSCH transmission is the first valid UL subframe after UL scheduling delay. A UL scheduling example with UL scheduling delay k0 = 2 (i.e., 20 physical subframes) is illustrated in Figure 1. The first available UL subframe after UL scheduling delay is always the UL subframe next to switching point.
Table 1 NPUSCH scheduling delay in TDD NB-IoT
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Figure 1 HARQ timing based on scheduling unit of N physical subframes

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  
Issue#4: Whether other bitmap length for valid subframe configuration is supported?

For standalone and guard band operation modes, compared with FDD, considering the reduced number of DL/UL subframes within a radio frame, 40-bit bitmap for valid subframe configuration should be supported for better configuration flexibility in TDD NB-IoT. 

For in-band operation mode, 80-bit length bitmap for valid subframe configuration would cause much larger system overhead but the gain is not obvious.

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.

Issue#5: Early termination of UL transmission in TDD NB-IoT?

In TDD NB-IoT, the number of UL subframes in each radio frame is much less than that of FDD. In some cases, supporting early termination of NPUSCH format 1 transmission can save unnecessary resources and reduce the power consumption. 
For a two-HARQ capable UE in TDD NB-IoT, before the completion of NPUSCH format 1 transmission with repetitions, the UE is required to monitor NPDCCH candidates within the UE-specific search space. In this case, early termination of uplink transmission can be easily supported by sending a new UL grant with the same HARQ process ID to the UE.
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. 
3 Conclusions

In this contribution, we have discussed details on the common aspects to support TDD NB-IoT. We make the following observations and proposals: 
Observation 1: Uplink Scheduling timing based on unit of N physical subframes (N 10) is beneficial for cross-subframe combing for NPUSCH repetitions. 
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 3: For NPUSCH scheduling in TDD NB-IoT, scheduling delay is in unit of N physical subframes.

· N = 10  

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.

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. 
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