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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, #90bis and #91 meetings, the following agreements 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

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

In this contribution, we discuss the remaining details on common aspects to support for TDD NB-IoT.
2 Considerations on frame configuration for TDD
Based on the LS reply from RAN4 [5], the minimum time for DL-to-UL and UL-to-DL switching on one NB-IoT carrier for TDD NB-IoT UEs is equal to 40 μs for both direction. For special subframe configurations #4 and #8, the length of GP is 1 OFDM symbol (i.e., 71.4 us), which is greater than minimum time for DL-to-UL and UL-to-DL switching. In this case, all LTE special subframe configurations can be supported. When eNB expects to support the relatively larger cell radius, other special subframe configurations except #4 and #8 can be used.

Proposal 1: Confirm working assumption: TDD NB-IoT supports all LTE special subframe configurations.

For Guard band operation mode, TDD configuration of guard band should be aligned with that of in-band region to avoid downlink and uplink interference. So, the TDD uplink-downlink configurations for guard band and in-band modes should be the same for TDD NB-IoT.  

For standalone operation mode, the downlink subframe used for NSSS, NPSS and NPBCH transmission are the same as in-band/guard band operation mode, i.e., subframe #0, #5 and #9 are always used. If TDD uplink-downlink configurations 1~4 are supported, two to four uplink subframes per radio frame can be configured for in-band/guard band operation mode, which is flexible enough. In this case, TDD uplink-downlink configurations of in-band/guard band operation mode can be reused for standalone operation mode.

Proposal 2: For TDD NB-IoT, TDD uplink-downlink configurations for in-band/guard band operation mode are reused for standalone operation mode. 

For standalone operation mode, there is no need to consider the coexistence with LTE system. When NPRACH is not required to be sent in special subframes, 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 uplink transmission or downlink transmission. Such special subframe can be used as normal uplink or normal downlink subframe except that the symbol(s) colliding with GP would be punctured.

Proposal 3: For standalone operation mode, the special subframe configurations of ‘DwPTS+GP’ and ‘GP+UpPTS’ are supported when NPRACH is not required to be transmitted on special subframes.

3 Impact on HARQ timing for TDD
In Rel-13 NB-IoT, the NPDSCH/NPUSCH scheduling timing is indicated dynamically by DCI. For example, if the ending subframe of NPDCCH is in subframe n, the UE will start to transmit NPUSCH after subframe n+k0, where k0 is indicated by DCI with the following values shown in Table 1.

Table 1  Scheduling delay of NPUSCH
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Dynamic scheduling is beneficial for search space sharing and reducing resource fragment. It is preferable to reuse dynamic scheduling for TDD NB-IoT. In FDD NB-IoT, the gap between end of NPDCCH and the start of the associated NPDSCH equals k0 valid DL subframes + 4 ms. In current FDD NB-IoT specification, 4-ms gap is described as ‘4 DL subframes’.  However, since DL subframes are not always consecutive for TDD, gap of ‘4 DL subframes’ is not equivalent to 4 ms. If dynamic downlink scheduling in FDD NB-IoT is reused for TDD, additional standardization work is needed to address the 4-ms gap. 

Observation 1: For TDD NB-IoT, if the downlink scheduling timing in FDD NB-IoT is directly reused, additional standardization work may be needed to address the 4-ms gap.

In addition, if existing HARQ timing is directly reused in uplink, the RU layouts may be different for different starting subframe index and number of RU, i.e., a RU may be mapped to continuous UL subframes in some cases but mapped to discontinuous subframes in other cases. Taking TDD configuration 1 as an example, if RU is 6 subcarriers by 2 ms and number of RU is 2, according to existing HARQ timing, the starting subframe for the allocated RUs may be subframe #2 or subframe #3. The actual allocated RU may be composed of continuous UL subframes are shown in Figure 1(a) or discontinuous UL subframes as shown in Figure 1(b). Existing HARQ timing may cause uncertain RU layout. Cross-subframe channel estimation can be applied to two RUs in Figure 1(a) but only single subframe channel estimation can be used for subframe #2 and subframe #3 in Figure 1(b). Uncertain RU layout may impact the decoding consistence.
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Figure 1 Example of specific RU layouts for different starting subframe index

To avoid uncertain RU layout, HARQ timing based on scheduling unit of N ms can be considered, where N is 5 or 10 or determined according to TDD UL/DL configuration. As shown in Figure 2, if ending subframe of NPDCCH is in scheduling unit #N, if the scheduling delay is 6, NPUSCH will be transmitted in mth uplink subframe of scheduling unit #(N+3), where m can be a fixed value or indicated by DCI. For example, flexibility of starting subframe can be guaranteed if m is indicated by DCI for 12-tone RU. For other tones, NPUSCH can be transmitted in the first uplink subframe of a scheduling unit. 
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Figure 2 HARQ timing based on scheduling unit of N subframes

Observation 2: Uplink Scheduling timing based on unit of N ms is beneficial for consistent RU allocation.
Proposal 4: Dynamic uplink/downlink scheduling is supported for TDD NB-IoT.

· Scheduling delay in unit of N ms can be considered in uplink. 

· FFS: N =5 or N = 10

4 Consideration on cross-carrier scheduling for TDD
Depending on TDD DL-UL configurations, number of downlink/uplink subframes may be limited and the number of downlink and uplink subframes may be unbalanced. Cross-carrier scheduling is beneficial for improving the DL/UL resource allocation flexibility and reducing scheduling blocking for both unicast NPDSCH/NPUSCH and common messages (e.g., Msg2/3/4 and Paging). 

Unicast NPDSCH/NPUSCH and paging are not latency-sensitive. Since Msg2/3/4 can only be transmitted within corresponding time window, Msg2/3/4 transmission is latency-sensitive. The blocking issue of Msg2/3/4, which may be caused by transmission from same or different coverage levels, can not be solved by delayed scheduling. For massive NB-IoT UEs, more serious blocking issue would happen. Since the UE should restart the random access procedure from Msg1 once unsuccessful Msg2/3/4 transmission happens due to blocking issue in a NB-IoT carrier, the power assumption and resource overhead would be greatly increased. In order to avoid the above blocking issue, cross-carrier scheduling for Msg2/3/4 messages should be considered as high priority.  

Observation 3: 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.

If cross-carrier scheduling for Msg2/3/4 transmission is not supported in the first TDD NB-IoT version (i.e., Rel-15) and will be introduced in the future versions, backward compatibility should be considered and more standardization efforts will be needed. For example, Msg1 needs to be used to identify UE capacity of cross-carrier scheduling. In this case, resource utilization efficiency would be reduced. If cross-carrier scheduling for Msg2/3/4 transmission is supported in Rel-15, the carrier for Msg2/3/4 transmission can be indicated by SIB and DCI. In order to avoid backward compatibility issue in the future, cross-carrier scheduling for Msg2/3/4 should be supported in Rel-15. 

Observation 4: 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 5: Cross-carrier scheduling for Msg2/3/4 messages is supported in Rel-15 for TDD NB-IoT.

If cross-carrier scheduling for NPDSCH and NPUSCH format 1 is supported, NPDSCH and NPUSCH format 1 can share the same carrier set for cross-carrier scheduling since UL and DL are separated in time for TDD. Here, this carrier set can be configured by higher layer. In order to maximize the scheduling flexibility, the carrier for transmission of NPDSCH or NPUSCH format 1 can be indicated by DCI. In this case, additional 1 or 2 bits information may be needed in DCI. For NPDCCH, the first carrier in the carrier set configured for cross-carrier scheduling is the default carrier for NPDCCH transmission. 

For NPUSCH format 2, considering that single tone mode is used and only single bit is carried, blocking issue is not very serious. The delay between NPDSCH and corresponding NPUSCH format 2 may be very large. If the delay values in FDD NB-IoT are reused, maximum value of delay is up to 20 ms. In this case, another NPDCCH and/or NPDSCH may be transmitted before NPUSCH format 2 and the UE may switch to another carrier for NPDCCH monitoring or NPDSCH decoding. In order to avoid unnecessary retuning operation, NPUSCH format 2 can be transmitted in the carrier where the UE locates before the transmission moment of NPUSCH format 2. 
Proposal 6: 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.
5 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: For TDD NB-IoT, if the downlink scheduling timing in FDD NB-IoT is directly reused, additional standardization work may be needed to address the 4-ms gap.

Observation 2: Uplink Scheduling timing based on unit of N ms is beneficial for consistent RU allocation.
Observation 3: 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 4: 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 1: Confirm working assumption: TDD NB-IoT supports all LTE special subframe configurations.
Proposal 2: For TDD NB-IoT, TDD uplink-downlink configurations for in-band/guard band operation mode are reused for standalone operation mode. 

Proposal 3: For standalone operation mode, the special subframe configurations of ‘DwPTS+GP’ and ‘GP+UpPTS’ are supported when NPRACH is not required to be transmitted on special subframes.

Proposal 4: Dynamic uplink/downlink scheduling is supported for TDD NB-IoT.

· Scheduling delay in unit of N ms can be considered in uplink. 

· FFS: N =5 or N = 10

Proposal 5: Cross-carrier scheduling for Msg2/3/4 messages is supported in Rel-15 for TDD NB-IoT.

Proposal 6: 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.
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