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1 Introduction
In RAN #76 meeting, revised WID RP-171428 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. 

· 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
The above agreement gives the general guidance about the scope of the TDD NB-IoT work in Rel-15. However, it seems further clarification about the scope is needed in order to guild the WG discussion. In this paper, we present our view on this issue . 
2 Discussions

2.1 Positioning support for TDD NB-IoT
With the actual deployment of NB-IoT in many operator’s networks,  it is gradually acknowledged that positioning is one essential feature for NB-IoT.  Many IoT applications rely on the location report of the terminal. Since this feature will be expensive if this is supported via legacy GNSS etc solutions, it is desirable to be supported from the NB-IoT network. In Rel-13, due to TU limitation positioning is not included in the work scope. In Rel-14, OTDOA was introduced. Note UTDOA was studied, but due to lack of time, it was not introduced.Nevertheless, for many TDD operators it is realized that the successful deployment of NB-IoT network depends on provision of positioning.
Since OTDOA is supported in Rel-14 FDD, supporting OTDOA in Rel-14 TDD is the most straightforward approach for providing positioning support. Initially analysis shows that required standardization work is only limited. 

There are two aspects to specify OTDOA for TDD NB-IoT. Firstly, Rel-14 NPRS pattern is designed based on subframe. So in Rel-15 TDD NB-IoT, the NPRS pattern can be reused directly. The NPRS sequence is based on legacy LTE PRS sequence, for standalone and guard band scenario, the length-2 NPRS sequence can be based on the two center element of the legacy LTE PRS sequence. For in band scenario, the lengh-2 NPRS sequence can be based on the 2 element of the legacy LTE PRS corresponding to the NB-IoT carrier. The LTE PRB index for carrier of NB-IoT can be indicated by RRC parameter. Same NPRS sequence methodology can be reused in Rel-15 TDD NPRS sequence.
Secondly, as for NPRS configuration, currently in Rel-14, two methods, Part A and Part B are both supported. In Part A, fixed length bitmap is used to indicate the subframe for NPRS transmission. For Part B, the subframe is indicated via period, offset and NPRS subframeNum. Both methods can be used in Rel-15 TDD NB-IoT. However, further optimization may be needed after Rel-15 TDD NB-IoT DL-UL subframe configuration is decided. 
Proposal 1: Clarify in the WID that OTDOA based positioning is supported for  Rel-15 TDD NB-IoT.
2.2 Multiple PRB support for TDD NB-IoT
In Rel-13 NB-IoT,  multiple PRB concept was introduced and supported for in-band, guard-band operation modes. The UE in RRC_IDLE camps on the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions. The UE in RRC_CONNECTED can be configured, via UE-specific RRC signaling, to a PRB, for all unicast transmissions. However, the paging message is restricted to carried on the anchor carrier.  
This has some serious limitations. First of all, in term of system capacity, as the anchor carrier needs to transmit NPSS,NSSS and NPBCH, the available time-frequency resources for paging opportunity are not many and may not meet the demand of rapid growth of terminals. Secondly, in term of interference, as paging channel concentrates on anchor channel, unnecessary interference are generated to neighboring cells.
Recognizing these deficiencies, in Rel-14, some non-anchor PRB enhancements were introduced. Both anchor and non-anchor PRB can be selected as paging PRB. NPRACH can also be transmitted in non-anchor PRB to alleviate the NPRACH capacity issues. For NB-IoT TDD, the capacity issue is even more serious than FDD. Therefore, multiple PRB capability is indispensable feature. In RAN1 #90, the following conclusion was reached:
•
Non-anchor carriers at least for unicast, paging and RACH are supported in NB-IoT TDD
Note the above conclusion is beyond the scope  of Rel-13 NB-IoT. With this agreement, RAN1 has achieved consensus to extend the WID to include this feature. However, a fair amount of work to support the feature needs to be done in RAN2. Since the consensus is reached in RAN1, it is beneficial to clarify this in the WID so other WGs can start the discussion.
Proposal 2: Clarify that multiple-PRB is supported both for idle mode and connected mode for  Rel-15 TDD NB-IoT.
2.3 Other enhancement considerations
During early deployment of Rel-13 NB-IoT, several issues have been identified from the field and listed as the candidates for further enhancement. For example, although Rel-14 NB-IoT reduces the power consumption and latency of transmissions to/from NB-IoT UEs,  it was still found in some cases the idle mode UE power consumption situation far from satisfactory. Also, for the case of small data transmission, the available Rel-13/Rel-14 mechanism is not efficient. Further reductions of latency and power consumption, especially in the procedures relating to cell access, are conducted in Rel-15 to ensure NB-IoT continues to offer support to the widest range of applications.
It seems the above two features have lots of commonality between FDD and TDD, i.e., the solution, once available for FDD, should be able to be adopted for TDD with minor changes. Also the extra TDD support seems has marginal impact on RAN2/RAN4. Considering these features are very important for the success of the deployment, it is beneficial to consider these two feature in the time frame of Rel-15, especially since the ‘delta’ from FDD specification is limited.
Cell range extension is another Rel-15 FDD NB-IoT feature. Since the start of the TDD NB-IoT discussion , there has been proposals to also support this feature for TDD NB-IoT.  First of all, from deployment point of view, it seems the use case of this feature is not evident. Even for FDD, the use case of 100km radius cell deployment is limited. Secondly, to support cell range extension, TDD NPRACH may be complicated. Considering the specification effort and the available TU for Rel-15 NB-IoT, it is suggested to consider this feature in the future release.
Proposal 3: Depend on the status of FDD discussion, considering extending the scope of WID to include power consumption and early data transmission support for Rel-15 TDD NB-IoT in RAN #78.
Proposal 4: Cell range extension  is not supported for Rel-15 TDD NB-IoT .
3 Conclusions
In this contribution, we make the following observation and proposals:
Proposal 1: Clarify in the WID that OTDOA based positioning is supported for  Rel-15 TDD NB-IoT  .
Proposal 2: Clarify that multiple-PRB  is supported both for idle mode and connected mode for  Rel-15 TDD NB-IoT.
Proposal 3: Depend on the status of FDD discussion, considering extending the scope of WID to include power consumption and early data transmission support for Rel-15 TDD NB-IoT in RAN #78.

Proposal 4: Cell range extension  is not supported for Rel-15 TDD NB-IoT .
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