3GPP TSG RAN WG1 Meeting  #91                                                                   
      R1-1719741
Reno, USA, November 27th – December 1st, 2017
Agenda Item:
6.2.6.3.3
Source:
Lenovo, Motorola Mobility
Title:
Common Aspects of NB-IoT TDD Operation
Document for:
Discussion and decision
1 Introduction
The contribution is the revision of R1-1717441.

In the RAN1#90bis, the following agreement is achieved for TDD common aspect for R.15 NBIoT to support work item objective of specifying TDD support for in-band, guard-band, and standalone operation modes of NB-IoT:
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, detailed considerations of frame structure and numerology for TDD support are presented. The main design principal is compatibility with FDD and less standardalization effort.
2 Frame structure and numerology
2.1 Frame structure
For the TDD UL/DL configuration, NB-IoT TDD should has the same UL/DL configuration and same special subframe configuration as the LTE carrier, otherwise, interference such LTE DL to NB-IoT uplink and vice versa will occur. However, there is no enough available DL subframe for DL common channel transmission, it is agreed to not support TDD UL/DL configuration #0, while it seems there is no strong reason for not supporting TDD UL/DL configuration #6 since NB-SIB1 and PDSCH can be transmitted in non-anchor carriers, so it is preferable to support TDD UL/DL configuration 6 and revert the working assumption.
Proposal 1: Support TDD UL/DL configuration 6 and reverse the working assumption.
2.2 Downlink structure
In NB-IoT FDD systems, the common channels (NPSS, NSSS, NPBCH, NB-SIB1) are mapped to subframes 0, 4, 5 and 9. As UL/DL configuration #0 is not supported in TDD NB-IoT systems, the subframes of #0, #5, and #9 are downlink subframes for all UL/DL configurations except TDD UL/DL configuration #0. Therefore, essential signals and channel(s) (including NPSS/NSSS/NPBCH/NB-SIB1) for the system access should be transmitted in these three subframes assuming that MBSFN configuration constraint should be relaxed (subframe #9 should not be configured as MBSFN subframes). NPSS, NSSS and NPBCH are transmitted in subframe #0, #5 and #9 of the same carrier (anchor carrier) for all agreed TDD UL/DL configuration with the same transmission period as FDD, while NB-SIB1 can be transmitted on anchor carrier or on non-anchor carriers. The detail NB-SIB1 configuration (including the carrier, radio frame, subframe) can be indicated in MIB
Proposal 2: NB-SIB1 can be configured to transmit in non-anchor carrier by additional indication in MIB.
2.3 Uplink Structure

In TDD uplink design, it is agreed to support both 15 KHz and 3.75 KHz subcarrier spacing and the corresponding time unit considering commonality with the FDD case. For 15 KHz subcarrier spacing transmission, it is easy to support 1/3/6/12 tones resource unit definition if discontinuous NPUSCH transmission is supported in TDD. In order to support 3.75 KHz uplink subcarrier spacing and 2ms NB-slot corresponding to two consecutive uplink 1ms LTE subframes, only TDD configuration 1, 3, 4 could be adopted. 
For NBIoT RACH transmission, 4 consecutive uplink symbol groups are needed to RACH sequence transmission in FDD case. Due to limited uplink transmission resource, especially limited contiguous uplink resource, multiple symbol groups with back-to-back RACH transmission are introduced in NBIOT TDD to support different length of contiguous uplink resource.
3 HARQ timing for TDD
In FDD NB-IoT, the 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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The number of available uplink subframes within 10ms radio frame is different for different TDD UL/DL configurations. If value k0 in Rel-13 NB-IoT is directly reused for TDD, the subframe is not available for uplink transmission and is delayed till the next available uplink subframe, the blocking issues will occur seriously for different HARQ process (e.g. If two HARQ process feature is supported in TDD NB-IoT). Besides consider multiple HARQ process supporting and TDD HARQ bundling/multiplexing, the delay offset table should be based on the available uplink subframe number and potential NB-slot starting subframe. For example, the k0 configuration can depend on to the TDD UL/DL configuration and PUSCH subcarrier spacing as shown in Figure 1. Furthermore, due to the limitation of UL subframe resource, it is preferred to introduce ACK/NACK bundling which is not introduced in FDD NB-IoT, similar mechanism as LTE TDD HARQ bundling with asynchronous HARQ feedback. 
Proposal 3: Besides considering multiple HARQ process supporting and TDD HARQ bundling/multiplexing, the delay offset table should be based on the available uplink subframe number and potential NB-slot starting subframe.
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Figure 1 Example of NPUSCH scheduling timing (TDD UL/DL configuration 1/4)
In TDD NB-IoT, DL subframe resources are high likely to be insufficient, scheduling multiple NPDSCH (and/or NPUSCH) with single DCI could be considered for saving DL resource and reducing the latency. Multiple NPDSCH (and/or NPUSCH) with single DCI multi-subframe scheduling or multiple DCI within one subframe can be considered for TDD NB-IoT.
Proposal 4: Support scheduling multiple NPDSCH (and/or NPUSCH) with single DCI to save DL resource and reducing the latency.
4 Conclusions
In this contribution, considerations of frame structure, numerology for TDD support is provided. The following proposals are given.
Proposal 1: Support TDD UL/DL configuration 6 and reverse the working assumption.
Proposal 2: NB-SIB1 can be configured to transmit in non-anchor carrier by additional indication in MIB.
Proposal 3: Besides considering multiple HARQ process supporting and TDD HARQ bundling/multiplexing, the delay offset table should be based on the available uplink subframe number and potential NB-slot starting subframe.
Proposal 4: Support scheduling multiple NPDSCH (and/or NPUSCH) with single DCI to save DL resource and reducing the latency.
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