3GPP TSG RAN WG1 Meeting  #90bis                                                               
      R1-1717441
Prague, P.R. Czech 9th – 13th October 2017

Agenda Item:
6.2.6.3.3
Source:
Lenovo, Motorola Mobility
Title:
Views on common issue for TDD NBIoT
Document for:
Discussion and decision
1 Introduction
In the RAN1#90, 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:

· MCL target of 164 dB at an ‘application layer’ data rate of 160 bps is targeted for at least one UL:DL configuration (FFS which one or more than one).

· NOTE: The at least one UL:DL configuration may or may not be different for UL MCL target than DL MCL target

· For evaluations, the FDD numbers of repetitions for physical channels are assumed 

· FFS the noise figure (eNB and UE) which will be assumed

· The 2.6 GHz TDD band is prioritized for evaluations

· This does not imply that 164 dB MCL or ‘application layer’ data rate targets will be relaxed

· Targets of latency and capacity may be relaxed for TDD NB-IoT.
Agreements:

· For DL: subcarrier spacing, CP length, symbol length, subframe length, and radio frame length are the same in TDD as FDD

· 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

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
The basic features of Rel-13 NB-IoT should be supported in Rel-15 TDD NB-IoT. Considering that TDD NB-IoT and FDD NB-IoT have the similar use cases, positioning features in Rel-14 NB-IoT enhancement should also be supported. From perspective of expanding system capacity, multi-carrier operation for unicast transmission should be supported for TDD NB-IoT. In this case, multi-carrier operation in FDD NB-IoT can be reused for TDD NB-IoT. Furthermore, current Rel-15 enhancements for FDD NB-IoT such as NPRACH reliability, latency and power consumption reduction are also very important for TDD NB-IoT.
Proposal 1: Besides Rel-13 features, at least positioning features and non-anchor PRB enhancement in NB-IoT should be taken as the baseline for TDD NB-IoT. 
As agreed in the WID, three operation modes shall be supported for TDD NB-IoT, standalone, guard band operation and inband operation. For guard band operation and inband operation, if NB-IoT TDD has a different UL/DL configuration and different special subframe configuration from the LTE carrier, interference such LTE DL to NB-IoT uplink and vice versa will occur. It is strongly preferable to support minimal TDD configurability for the purpose of NB-IoT design. Therefore, it is reasonable to have the same TDD configuration of LTE TDD and NB-IoT as shown in TABLE 1 for 7 TDD DL/UL configurations. 
Proposal 2: Inband and guard band TDD NB-IoT uses the same UL/DL configuration as the LTE TDD carrier to minimize the interference between LTE and NB-IoT.
Table 1: Uplink-downlink configurations

	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


For TDD special subframe, the OFDM symbols available for downlink transmission are different in different special subframe configurations. The NB-IoT UEs don’t know the special subframe configuration before decoding NB-SIB1 if we assume the TDD UL/DL configuration is indicated in NB-SIB1. It may be feasible to take special subframe configuration with minimum downlink OFDM symbols as default configuration if common channels are transmitted on special subframe. After the UE acquiring SIB1-NB, all DwPTS in special subframes may be used for downlink transmission.
The supported GP length in special subframe configuration is determined by the cell radius range. For example, in Rel-13 NB-IoT, the supported CP lengths of NPRACH are 66.7 μs and 266.67 μs, corresponding to cell radius of ~10km and ~40km, respectively. If the requirement of supported cell range is similar to R.13 NBIOT or is relaxed from 40km, the special subframe configuration with long guard period is not necessary for TDD feNB-IoT with target cell size similar to Rel-13 NB-IoT, only configurations with GP length of 1~3 symbols are supported. From a NB-IoT DL channel perspective, broadcast channels, NPDSCH or NPDCCH are candidates to make use of the special subframe. Thus special subframe configurations with more symbols in DwPTS need to be supported, such as special subframe configurations except for #0, #5, #9 of normal CP.
Proposal 3: The special subframe configurations with more symbols in DwPTS need to be supported, such as special subframe configurations except for #0, #5, #9 of normal CP.
Table 2: Configuration of special subframe (lengths of DwPTS/GP/UpPTS)

	Special subframe configuration
	Normal cyclic prefix in downlink
	Extended cyclic prefix in downlink

	
	DwPTS
	GP
	UpPTS
	DwPTS
	GP
	UpPTS

	0
	3
	10
	1
	3
	8
	1

	1
	9
	4
	
	8
	3
	

	2
	10
	3
	
	9
	2
	

	3
	11
	2
	
	10
	1
	

	4
	12
	1
	
	3
	7
	2

	5
	3
	9
	2
	8
	2
	

	6
	9
	3
	
	9
	1
	

	7
	10
	2
	
	5
	5
	

	8
	11
	1
	
	-
	-
	-

	9
	6
	6
	
	-
	-
	-


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. Based on the possible UL/DL configurations for TDD operation, only subframe 0 and subframe 5 are allocated for downlink operation in all the configurations. So it is preferred to map NPSS and NSSS symbols onto these downlink subframes due to lack of knowledge of TDD UL/DL configuration in this period. This configuration is different from the mapping of NPSS and NSSS for NB-IoT FDD operation where NPSS and NSSS are mapped to SF5 and SF9 respectively.
As motioned in our companion contribution[2], for common channel/signal transmission, it is preferred that all common channel/signal should be transmitted in anchor carrier at least one TDD UL/DL configuration if only one carrier is available for NB-IoT. However,  if all common channels of TDD NB-IoT are transmitted on anchor carrier for all TDD UL/DL configurations, more than 3 downlink subframes are needed for these channels in each radio frame. Some of the UL/DL configurations have only 2 or 3 DL subframes per radio frames. Even the common channel/signal could be transmitted in these only 2 or 3 DL subframes, and the subframes which can be used for downlink control and traffic are very limited, thus downlink control and traffic scheduling would be seriously blocked, and non-anchor carrier should be considered to transmit some common channel/signal, e.g. NB-SIB1.
Proposal 4: NB-PSS/SSS can be transmitted in subframe #0, #5 because these subframes are always for downlink and non-MBSFN subframe for all TDD UL/DL configuration.
Proposal 5: Non-anchor carrier should be considered to transmit some common channel/signal, e.g. NB-SIB1.
2.3 Uplink Structure

For FDD NBIoT uplink transmission, two kinds of subcarrier spacing are supported for NPUSCH transmission (including NPUSCH format 1 and format 2). For 15 KHz subcarrier spacing transmission, the 1ms length subframe is the same as legacy LTE. For 3.75 KHz subcarrier spacing transmission, the 2ms length NB-slot is newly introduced, which includes 7 symbols and 144Ts GP. In TDD uplink design, it is preferred 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 some of the TDD configuration 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, shortened RACH sequence or reduced symbol groups transmission should be considered for inband and guard band case. For RACH design for standalone, the UL/DL configuration can be different from existing UL/DL configurations of LTE TDD which allows continuous UL/DL region within radio frame.
Proposal 6: Both 3.75KHz and 15KHz subcarrier spacing could be supported considering compatible with FDD.
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 3.
Table 3: scheduling delay of NPUSCH
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	1
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	32
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	64


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. 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.

Proposal 7: 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
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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 8: Scheduling multiple NPDSCH (and/or NPUSCH) with single DCI could be considered for saving 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: Besides Rel-13 features, at least positioning features and non-anchor PRB enhancement in NB-IoT should be taken as the baseline for TDD NB-IoT. 
Proposal 2: Inband and guard band TDD NB-IoT uses the same UL/DL configuration as the LTE TDD carrier to minimize the interference between LTE and NB-IoT.

Proposal 3: The special subframe configurations with more symbols in DwPTS need to be supported, such as special subframe configurations except for #0, #5, #9 of normal CP.
Proposal 4: NB-PSS/SSS can be transmitted in subframe #0, #5 because these subframes are always for downlink and non-MBSFN subframe for all TDD UL/DL configuration.
Proposal 5: Non-anchor carrier should be considered to transmit some common channel/signal, e.g. NB-SIB1.
Proposal 6: Both 3.75KHz and 15KHz subcarrier spacing could be supported considering compatible with FDD.
Proposal 7: 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

Proposal 8: Scheduling multiple NPDSCH (and/or NPUSCH) with single DCI could be considered for saving DL resource and reducing the latency
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