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1. Introduction

 One of the main objectives of Rel-15 NB-IoT specification is to support TDD operation which has not been supported in Rel-13 and Rel-14 NB-IoT, which was captured in the latest WID [1] as follows.

	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. 

· Relaxations of MCL and/or latency and/or capacity targets to be considered by RAN1.

· Baseline is to support the same features as Rel-13 NB-IoT, additionally considering small-cells scenarios


RAN1#90 is the first meeting where the official discussion for the specification of TDD operation of NB-IoT. In this contribution, we identify and discuss the main issues in supporting TDD operation in NB-IoT, especially related to the UL/DL common aspects.
2. Discussion
2.1. Relaxation of MCL, latency and capacity targets
In FDD NB-IoT, several schemes were considered to enhance the MCL, latency and capacity targets, such as repetition, symbol level combining, cross subframe channel estimation, 2 HARQ process and so on. However, it should be considered carefully to apply these schemes to TDD NB-IoT directly, because TDD has different features from FDD. In case of TDD, three different types of subframes are located in a same PRB, which are DL, UL, and special subframes. Thus, UL (or DL) subframes are distributed throughout radio frame which imply that the number of adjacent UL (or DL) subframes is limited. This feature makes it difficult to apply symbol level combining and cross channel estimation schemes, which are useful to enhance the MCL target with low complexity. Also, the number of UL (or DL) subframes in a radio frames of TDD is smaller than one of FDD, Thus, it is obvious TDD NB-IoT is hard to achieve the latency target of FDD NB-IoT. In this point of view, it is natural to relax the MCL, latency and capacity target for TDD NB-IoT. At the same time, some additional schemes should be considered for TDD NB-IoT to enhance the performance in terms of MCL, latency and capacity targets, For example, repetition pattern could be redesigned to support symbol level combining, and early data termination scheme could be considered for TDD NB-IoT. 
Proposal 1: Relaxation of MCL, latency, and capacity targets should be considered for TDD NB-IoT.

Proposal 2: Additional schemes should be considered for TDD NB-IoT to enhance the performance in terms of MCL, latency, and capacity targets.
2.2. Operation modes

In the Rel.13 NB-IoT, 4 different types of operation modes are supported and two of them belong to in-band operation mode which are in-band same PCI mode and in-band different PCI one. We had to deal with coexistence issues between legacy FDD LTE and three operation modes which are two in-band operation modes and guard-band one so that NB-IoT won’t make no harm to legacy FDD LTE systems while attaining the proper throughput and efficient operation for low cost and power devices. Standalone operation mode, however, did not need to consider coexistence with legacy LTE systems because its definition literally means NB-IoT systems which run occupying the entire bandwidth not only of signal but also of guard. Moreover, standalone mode was put on lower priority than other operation modes when it comes to standardization work for optimization since there is no contamination from other systems and all symbols and subframes are available to it. Taking into account the above aspects, we first need to decide whether to support standalone operation mode for TDD NB-IoT and clearly define the scope of UL/DL configuration in TDD standalone mode whether to consider UL/DL configuration in the current specification only or more. Otherwise, discussion on UL/DL configurations and subframe allocation mechanisms for TDD standalone is more likely to diverge. And if we conclude that standalone mode should be supported in Rel-15 TDD NB-IoT, we can put standalone operation mode on lower priority for optimization work.
Proposal 3: General features which can support all operation modes should be designed on high priority for Rel-15 TDD NB-IoT
· If standalone operation mode is supported for Rel-15 TDD NB-IoT, it should be put on low priority for optimization work in Rel-15
· The scope of UL/DL configuration in TDD standalone mode should be defined first 
2.3. Special subframes 
In the current TDD, there is one special subframe every 5msec or 10msec depending of UL/DL configuration. In other words, 20% or 10% of resources can be wasted if we do not carefully consider the way to use them and come up with proper resource allocation or mapping pattern methods. Furthermore, taking into account the fact that one of the most discriminating features of NB-IoT from legacy LTE is transmission pattern with a large number of repetitions which may use up all available downlink and uplink resources for a long period of time, an effective use of uplink/downlink symbols in a special subframe needs to be developed in order to secure sufficient resources for TDD NB-IoT systems. When we take a look at special subframe configurations of 0/6 and possible CFI values, we can see that the 3rd OFDM symbol in DwPTS is only used by PSS which means it can be used as NB-IoT downlink symbol at least upon NB-IoT anchor carrier and non-anchor carriers not located within center 6RBs. In addition, it is obvious that there is no LTE symbols in DwPTS and UpPTS in the case of guard-band operation mode.
Proposal 4: Downlink and/or uplink symbols in a special subframe can be used in Rel-15 TDD NB-IoT

· All symbols in DwPTS and UpPTS can be used at least in guard-band operation mode regardless of CFI values.
· Supportable special subframe configurations and the number of symbols within special subframe for Rel-15 TDD NB-IoT can be different depending on operation modes.
For DL subframes, TDD NB-IoT can use NRS configuration of FDD NB-IoT without difficulty. Furthermore, NRS transmission in a special subframe can be considered for TDD NB-IoT. Unlike a FDD NB-IoT, a number of adjacent DL subframes is limited in TDD due to the existence of UL subframes and special subframes. As we mentioned in a previous section, the radio frame structure of TDD makes it hard to achieve an efficiency of the cross subframe channel estimation scheme. To enhance the channel estimation accuracy, NRS transmission in special subframes could be considered. Also, if symbols in DwPTS can be used for NPDCCH and/or NPDCCH transmission, NRS should be provided within a special subframe region for reliable channel estimation. 
Proposal 5: NRS transmission in a special subframe should be considered for Rel-15 TDD NB-IoT.
2.4. UL/DL configuration

We have 7 different UL/DL configurations in the current TDD LTE systems as shown in the Figure 1 below. For the transmission of minimal signal/information(e.g., NPSS, NSSS, NPBCH and SIB1-NB) for the system access, we think at least subframes #0, #5, and #9 should be available to NB-IoT downlink subframes which cannot be supported in UL/DL configuration #0. In addition, subframe #4 may need to be included as a part of NB-IoT downlink subframes taking into account the number of dedicated subframes to NPSS, NSSS, NPBCH, and SIB1-NB in TDD NB-IoT.  In addition, another two aspects should be considered. Firstly, given that the main use case for NB-IoT services is to report data measured by metering devices and sensors, not only the number of downlink subframes but also that of uplink subframes should be taken into account when we decide what UL/DL configurations can be supported and what cannot be. Secondly, whether or not to consider more UL/DL configurations than we have today needs to be determined for the standalone mode and future releases. One possible way to prepare for the extension of UL/DL configuration in the future is to reuse the concept of DL valid bitmap (downlinkBitmap-r13 in SIB1-NB). For example, larger size of DL and UL valid bitmaps can be defined to inform UL/DL configuration implicitly.
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Figure 1  UL/DL configuration in the current LTE systems
Proposal 6: At least, subframe #0, #5, and #9 should be always available as downlink subframes for Rel-15 TDD NB-IoT.
· Subframe #4 can be additionally used for NB-IoT downlink subframe if we do not find critical issue.
· FFS on Whether or not to consider more UL/DL configurations than those in the current specification taking into account standalone operation mode if it is supported. 
Considering that there are not so many UL/DL resources after allocating NPSS, NSSS, NPBCH, SIB1-NB, and so on in DL subframes, it should be further considered utilizing multiple carriers for transporting UL/DL traffic in TDD NB-IoT. In Rel-13/14 NB-IoT, non-anchor carrier can be configured for a UE where the UE should monitor/transmit all the necessary physical channels such as NPDCCH/NPDSCH/NPUSCH for the data traffic reception/transmission. On the other hand, separating NPDCCH monitoring carrier and NPDSCH/NPUSCH carrying carrier can be considered for TDD NB-IoT like in LTE CA case. This operation may provide network a better flexibility of UL/DL resource allocation among multiple UEs distributed among multiple NB-IoT carriers since UL/DL resource in a single TDD NB-IoT carrier is quite restricted and the ratio between the number of downlink subframes and that of uplink subframes could be imbalanced.
Proposal 7: Cross carrier scheduling should be considered for TDD NB-IoT

· NPDCCH monitoring carrier and NPDSCH scheduled carrier can be different 

· NPDSCH carrying carrier and NPUSCH carrying carrier can be different

2.5. HARQ process

In TDD system, an increase of transmission latency is inevitable due to the UL/DL interlaced radio frame structure of TDD. Although the latency target could be relaxed, it should be considered to enhance the latency performance for TDD NB-IoT. One possible solution is to introduce multiple HARQ processes. In Rel-14 NB-IoT, 2-HARQ processes are introduced for the latency target enhancement. Likewise, 2-HARQ processes could be considered for TDD NB-IoT. Simply, 2-HARQ definition in FDD NB-IoT can be reused for TDD NB-IoT. However, some issues should be considered on 2-HARQ processes for TDD NB-IoT. First, Due to the radio frame structure of TDD, monitoring two NPDCCH before the starting subframe of NPDSCH or NPUSCH transmission may be difficult in the current mechanism for 2-HARQ processes in FDD NB-IoT. Second, due to the limitation of UL subframe resource, it may be beneficial to introduce ACK/NACK bundling which is not introduced in FDD NB-IoT. Finally, 2-HARQ processes in FDD NB-IoT can be used in limited TBS and repetition number only. Thus, 2-HARQ processes in FDD NB-IoT may be modified to achieve the latency target for TDD NB-IoT.
Also, multiple NPDSCH (and/or NPUSCH) with single DCI multi-subframe scheduling can be considered for TDD NB-IoT. In TDD NB-IoT, DL subframe resources are high likely to be insufficient. Thus, instead of using multiple NPDCCH for multiple scheduling information, which may require lots of DL resources and increase the latency, scheduling multiple NPDSCH (and/or NPUSCH) with single DCI could be considered for saving DL resource and reducing the latency. Furthermore, compact DCI can be a possible solution for TDD NB-IoT to reduce the required DL subframes and latency. 

Proposal 8: Multiple HARQ process operation and DCI overhead reduction (e.g. multi-subframe scheduling DCI and/or compact DCI) should be considered in terms of uplink/downlink resource efficiency and latency reduction for TDD NB-IoT.

2.6. UL/DL interlacing

In FDD NB-IoT, once UE started transmitting NPUSCH, UE is not expected to monitor NPDCCH and decode NPDSCH until NPUSCH is transmitted as many slots as scheduled by UL grant even if UE stops transmitting NPUSCH in order to maintain downlink synchronization for 40msec or void a collision with NPRACH. In TDD systems, however, it would be much less efficient in terms of UE power saving as well as resource utilization if the same principle is adopted because downlink and uplink subframe are placed in a staggered way every 5msec or 10msec. Moreover, the number of consecutive downlink subframs between two discontinuous uplink subframes is not sufficient time for UE to save power consumption by turning off and on its power taking into account the practical amount of time for ramping down and up. Therefore, we believe an efficient mechanism should to be introduced to effectively manipulate the resources across uplink and downlink subframes. For example, UE may be able to monitor NPDCCH when there are downlink subframes in the middle of NPUSCH transmission over discontinuous uplink subframes. In this case, an early termination of NPUSCH format 1 transmission can be realized by monitoring UL grant with little change of specification if eNB successfully decode it before reaching the scheduled repetition number. On top of that, another UL HARQ process can be assigned as soon as UE detects UL grant so that UE can avoid a waste of transmission power and eNB can take an advantage of efficient resource utilization. In a similar way, UE may be able to transmit NPUSCH while receiving NPDSCH over discontinuous downlink subframes. In this scenario, UE can report ACK on NPUSCH format 2 when NPDSCH is successfully decoded before reaching up to the scheduled repetition number if there is another reserved resource for UE to send ACK on it. In addition, UE can receive NPDSCH and transmit NPUSCH format 1 in a TDD manner which can be seen as UL/DL interlaced transmission and reception. In such a case, a multi-subframe configuration mechanism with one integrated DCI can be considered as well.
Proposal 9 A mechanism should to be introduced to effectively utilize the UL/DL resources interlaced in TDD NB-IoT
· UL/DL interlaced transmission and reception needs to be supported

· Early termination of downlink and uplink needs to be supported

3. Conclusion
In this contribution, we identify and discuss the main issues in supporting TDD operation in NB-IoT, especially related to the UL/DL common aspects. Proposals of this contribution are summarized as follows
Proposal 1: Relaxation of MCL, latency, and capacity targets should be considered for TDD NB-IoT.

Proposal 2: Additional schemes should be considered for TDD NB-IoT to enhance the performance in terms of MCL, latency, and capacity targets.
Proposal 3: General features which can support all operation modes should be designed on high priority for Rel-15 TDD NB-IoT
· If standalone operation mode is supported for Rel-15 TDD NB-IoT, it should be put on low priority for optimization work in Rel-15
· The scope of UL/DL configuration in TDD standalone mode should be defined first.

Proposal 4: Downlink and/or uplink symbols in a special subframe can be used in Rel-15 TDD NB-IoT

· All symbols in DwPTS and UpPTS can be used at least in guard-band operation mode regardless of CFI values.
· Supportable special subframe format and the number of symbols within special subframe for Rel-15 TDD NB-IoT can be different depending on operation modes.
Proposal 5: NRS transmission in a special subframe should be considered for Rel-15 TDD NB-IoT.
Proposal 6: At least, subframe #0, #5, and #9 should be always available as downlink subframes for Rel-15 TDD NB-IoT.

· Subframe #4 can be additionally used for NB-IoT downlink subframe if we do not find critical issue.

· FFS on Whether or not to consider more UL/DL configurations than those in the current specification taking into account standalone operation mode if it is supported. 

Proposal 7: Cross carrier scheduling should be considered for TDD NB-IoT

· NPDCCH monitoring carrier and NPDSCH scheduled carrier can be different 

· NPDSCH carrying carrier and NPUSCH carrying carrier can be different
Proposal 8: Multiple HARQ process operation and DCI overhead reduction (e.g. multi-subframe scheduling DCI and/or compact DCI) should be considered in terms of uplink/downlink resource efficiency and latency reduction for TDD NB-IoT.

Proposal 9 A mechanism should to be introduced to effectively utilize the UL/DL resources interlaced in TDD NB-IoT

· UL/DL interlaced transmission and reception needs to be supported

· Early termination of downlink and uplink needs to be supported
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