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Introduction
In RAN1#90bis meeting, the general design principles for NB-IoT TDD were discussed with the following agreements:
Agreements: 
· 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 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
In this contribution, we continue to discuss the general design aspects of NB-IoT TDD, such as HARQ timing, scrambling, repetition and RV cycling, cross-carrier scheduling and interlacing UL/DL etc. This Tdoc is a revision of R1-1718148[2].
HARQ timing 
Asynchronous HARQ is used for both downlink and uplink in FDD. To minimize the specification efforts, the same design principle can be adopted for NB-IoT TDD. Therefore, asynchronous and adaptive HARQ are supported also for TDD. Although it is possible to relax HARQ timing relationship for TDD due to discontinuous UL/DL transmission, it is preferred to keep the minimum timing relationship same as FDD. The approach of using the scheduling delay indication in DCI can be reused for TDD, however, the values of the scheduling delay may be changed for TDD to account for FDD and TDD difference.
For DL, the same scheduling delay values can be reused for TDD since the scheduling delay indicates which valid NB-IoT DL subframes to start NPDSCH transmission. But for UL, the scheduling delay values for NPUSCH and HARQ-ACK reporting are based on a number of absolute subframes after the end of NPDCCH/NPDSCH. 
For TDD, we can have two options to explain the ACK/NACK delay field. The same principle can be adopted also for NPUSCH scheduling delay.
· Option 1: Transmit ACK/NACK from the first valid UL subframe after the indicated number of subframes (including both UL and DL) 
· Option 2: Transmit ACK/NACK from the first valid UL subframe after the indicated number of UL subframes after a minimum delay
For Option 1, we may need to enlarge the scheduling delay values for TDD since the UL subframe is not continuous and there are less number of UL subframes per radio frame. For Option 2, the same scheduling delay values as FDD can be reused because the delay counts only the valid UL subframes. 
Proposal 1: The FDD HARQ timing and scheduling delay values are reused for TDD, but counting of the scheduling delay for UL HARQ-ACK and NPUSCH is based on the number of valid UL subframes.
Data scrambling 
In Rel-14, the non-linear scrambling was introduced in DL for better inter-cell interference randomization [3]. However, due to backward combability issue, the non-linear scrambling is only supported for broadcast NPDCCH and NPDSCH on the non-anchor carrier and/or unicast transmission. Since NB-IoT TDD is designed from the scratch, there is no backward combability issue. It is therefore preferred to support the non-linear scrambling for NPDCCH/NPDSCH on both anchor and non-anchor carrier, e.g., for transmission of system information block, paging, random access and unicast data. This is desirable for TDD since the interference issue in TDD system is more serious compared to FDD. 
Proposal 2: The interference randomization based on RE level rotation on both anchor and non-anchor carrier shall be supported for TDD.
Repetition and RV cycling 
For FDD, the cyclic repetition is used for NPDSCH not carrying BCCH and NPUSCH when the number of repetition is larger than 1. For example, we firstly map a portion of transport block to one subframe/NB-slot, then do up to 4 repetitions before continuing the mapping and then cycle through different RVs before going on with other repetitions. For TDD, there are not too many continuous UL or DL subframes, and the transmission duration over the four subframes/NB-slots can be large. The gap between discontinuous transmission may come with large frequency tracking error to preclude symbol level combination for cyclic repetition. Furthermore, if NPDSCH is presented in the special subframe, identical repetition between adjacent normal and special subframes is hard to be achieved due to potentially different NRS pattern and the start symbol position. The support of cyclic repetition may also degrade the performance due to the increased coding rate for the small number of repetitions.
Proposal 3: The cyclic repetition is not supported for NB-IoT TDD.
Interlacing UL/DL 
Currently in FDD, DL and UL transmissions will not be scheduled in parallel, i.e. if a DL transmission has been scheduled an UL transmission shall not be scheduled until HARQ RTT Timer of the DL HARQ process has expired (and vice versa) as shown in Figure 1. However, unlike HD-FDD, the UL and DL subframe for TDD can interlace during NPDSCH/NPUSCH transmission. Therefore, it is possible to support parallel DL and UL transmission. For example, a DL packet is transmitted in some DL subframes, followed by UL transmission for an UL packet, followed by other repetitions for the same DL packet, followed again by some more repetitions of the same UL packet and so on. The benefit of interlacing DL and UL transmission is to reduce the transmission latency when UE is required to transmit and receive the packet in both directions. Therefore, interlacing UL/DL transmission can be considered for NB-IoT TDD. 
[image: ]
Figure 1: Non-interlacing DL and UL transmission for FDD
For supporting interleaving UL/DL, there are a couple of issues to be discussed. Firstly, the guard time for UL-to-DL or DL-to-UL switching shall be defined. For FDD, the switching time is 1ms due to different bands for UL and DL. If 1ms is also assumed for TDD then it may not be very advantageous to support interlacing UL/DL transmission since two subframes per radio frame have to be reserved for switching. For TDD, if UL and DL are on the same carrier, we think the switching time can be reduced, such as 2-symbols as in eMTC. Generally, the switching time can be UE capability and the interlacing UL/DL transmission can be supported for a small UL/DL switching time.
Secondly, there could be a lot of combinations of UL and DL channels for UL/DL interlacing operation. For example, we could interlace DL and UL grants, interlace NPUSCH and NPDSCH, interlace NPUSCH and NPDCCH, or interlace ACK/NACK and PUSCH. For different channel combinations, the implementation complexity may vary a lot from UE’s perspective. It is not necessary to support all the combinations. A down-selection is required.
Proposal 4: Interlacing DL and UL transmission can be supported for TDD dependent on UE capability for UL/DL switching time.
Cross-carrier scheduling 
Currently in FDD, NPDCCH and NPDSCH are transmitted on the same carrier. When NPDSCH is transmitted over a long duration, other UEs on that carrier may not be scheduled. Although the DL transmission gap is introduced for solving this problem, it can only serve a UE in good coverage. Similarly, configuring multiple carriers can only mitigate the issue a bit but trunking efficiency isn’t improved. The cross-carrier scheduling which may allow NPDCCH on one carrier and NPDSCH on the other carrier is thus proposed. The similar concept has been used for DL CA in LTE.
A simple way to implement cross-carrier scheduling is to assign two different carriers for NPDCCH and NPDSCH so that NPDSCH is always on a different carrier than NPDCCH. In such case, the DCI is not changed and the required specification effort is small except for RRC signalling of one additional carrier. However, this approach provides little flexibility for the scheduler. An improvement is to use a field in DCI to dynamically indicate the carrier for NPDSCH. This field may be different depending on the number of carriers. For example, if we have 1 carrier for cross-carrier scheduling, 1 bit is added to DCI. If we have 3 carriers, then 2 bits are enough. The disadvantage of this approach is the increased DCI payload size and only for NPDCCH mapped to UE specific search space. 
[bookmark: _GoBack]If cross-carrier scheduling is supported for NB-IoT TDD, RAN1 shall study how many additional carriers to be configured for NPDSCH/NPUSCH and how to determine the carrier used for NPDSCH/NPUSCH.
Proposal 5: Cross-carrier scheduling can be supported for NB-IoT TDD. FFS on details.
[bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
In this contribution, we discussed the general design aspects of TDD NB-IoT. We made the following proposal:
Proposal 1: The FDD HARQ timing and scheduling delay values are reused for TDD, but counting of the scheduling delay for UL HARQ-ACK and NPUSCH is based on the number of valid UL subframes.
Proposal 2: The interference randomization based on RE level rotation on both anchor and non-anchor carrier shall be supported for TDD.
Proposal 3: The cyclic repetition is not supported for NB-IoT TDD.
Proposal 4: Interlacing DL and UL transmission can be supported for TDD dependent on UE capability for UL/DL switching time.
Proposal 5: Cross-carrier scheduling can be supported for NB-IoT TDD. FFS on details.
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