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1 Introduction

One of the objectives of Rel-15 WI Further NB-IoT Enhancements is to support TDD operation for NB-IoT. Following are the scope of this part of WI provided in [1].
On NPRACH Design, following are the latest agreements made in RAN1-92Bis.
Mapping table for TDD UL/DL configuration and TDD NPRACH formats is list in Table X
· FFS configuration 6 if it is supported

· Transmit Format 0 and Format 0-a in all NPRACH subframes, and aligned with subframe boundary

Table X Mapping table for UL/DL configuration and NPRACH format
	UL/DL Configuration index
	Format 0
	Format 1
	Format 2
	Format 0-a
	Format 1-a

	1
	√
	√
	
	√
	√

	2
	√
	
	
	√
	

	[3]
	[√]
	
	[√]
	[√]
	

	4
	√
	√
	
	√
	√

	5
	√
	
	
	√
	


Frequency Hopping Design for NPRACH Formats

· For G=2, P=4  (format 0, 1, 2) 

· when the repetition number =1
· Tone index of the first and third symbol groups in the preamble repetition unit is chosen by [SFN and cell specific pseudo-random sequence (FFS details)]. The initial tone index to hopping pattern mapping is

	Index of the tone used by the 1st symbol group
	Deterministic hopping length for the 2nd within a repetition unit

	0, 2, 4, 6, 8, 10
	+3.75kHz

	1, 3, 5, 7, 9, 11
	-3.75kHz

	Index of the tone used by the 3rd symbol group
	Deterministic hopping length for the 4th within a repetition unit

	0, 1, 2, 3, 4, 5
	+22.5kHz

	6, 7, 8, 9, 10, 11
	 -22.5kHz 


Table 16
· when repetition number >=2 
· The initial tone index to hopping pattern mapping follows table above.
· Tone index of the first symbol groups in the odd preamble repetition unit is chosen by [SFN and cell specific pseudo-random sequence (FFS details)] . 
Aiming at cancelling phase errors, for an odd preamble that has been transmitted with a given tone index for its first and third symbol groups, the candidate tone index for the first and third symbol groups in the even preamble is chosen by [SFN and ]cell specific pseudo-random sequence and will be confined to one of the tone indexes in the opposite half of the bandwidth as follows: 
	Odd Preamble Repetition Unit
	Even Preamble Repetition Unit

	Index of the tone used by the 1st symbol group
	Candidate Indexes for the tone to be used by the 1st symbol group

	0, 2, 4, 6, 8, 10
	1, 3, 5, 7, 9, 11

	1, 3, 5, 7, 9, 11
	0, 2, 4, 6, 8, 10

	Index of the tone used by the 3rd symbol group
	Candidate Indexes for the tone to be used by the 3rd symbol group

	0, 1, 2, 3, 4, 5
	6, 7, 8, 9, 10, 11

	6, 7, 8, 9, 10, 11
	0, 1, 2, 3, 4, 5


Table 17
· For G=3, P=6 (format 0-a, format 1-a)

· Tone index of the first and fourth symbol groups in the preamble repetition unit is chosen by [SFN and cell specific pseudo-random sequence (FFS details)]. The initial tone index of the first and fourth symbol groups to hopping pattern mapping is
Table 18 Hopping patterns for 2nd and 3rd symbol group within a repetition unit

	Index of the tone used by the 1st symbol group
	Hopping pattern for  the 2nd and 3rd symbol group within a repetition unit

	0, 2, 4,6, 8, 10
	+3.75kHz，-3.75kHz

	1, 3, 5,7, 9, 11
	-3.75kHz，+3.75kHz


Table 19 Hopping patterns for 5th and 6th symbol group within a repetition unit

	Index of the tone used by the 4th symbol group
	Hopping pattern for the 5th and 6th symbol group within a repetition unit

	0, 1, 2, 3, 4, 5
	+22.5kHz，-22.5kHz

	6, 7, 8,9, 10, 11
	-22.5kHz，+22.5kHz，


On NPUSCH Design, following are the latest agreements of RAN1-93.

For NPUSCH transmission with 15 kHz subcarrier spacing, the number of subcarriers supported in TDD UL/DL configuration #3 is 1, 3, 6 and 12.

· RU length reuses FDD
· For TDD NB-IoT with 15 kHz subcarrier spacing, the resource unit of NPUSCH format 2 is single tone with RU length 2 ms.

· The previous agreement above refers to NPUSCH format 1

· 3.75kHz subcarrier spacing is not supported for TDD UL/DL configuration #3.

In this paper, we analyse the remaining aspects related to uplink physical channels (NPRACH and NPUSCH) for NB-IoT TDD.
2 NPRACH for TDD
In LTE TDD system, the NPRACH Format is not linked to specific TDD configurations. If the available uplink subframes allows contineous transmission of preamble, the format will be supported. On the remaining resources in frequency and time domain, other uplink channels can be scheduled. This mechanism allows better resource utliisation which allows use of lesser subframes for NPRACH transmission.
One of the working assumption for NPRACH transmission is that the number of repetitions is same across different formats. In this case if NPRACH format of 2 msec can be used in the configurations having 3 msec uplink duration, it should be allowed to enable use of the remaining uplink subframe for NPUSCH transmission.
So we propose to include support of Format-1 and Format-1a for TDD configuration #3 in the mapping table for NPRACH format to TDD configurations.

In such configurations, the NPUSCH can be scheduled in the following manner for better resource utilization.

· When the number of subcarriers allocated for resource unit is 6, the NPUSCH should use only the 2 uplink subframes out of 3 uplink subframes of the TDD configuration without using 3rd uplink subframe.
· On the 3rd uplink subframe, NPUSCH with resource unit having all subcarrier allocation can be used. In this case only single uplink subframe is considered out of 3 uplink subframes as part of the overall resources for NPUSCH.

With above mentioned mechanisms, it is possible to effectively utilize the available resources for TDD configuration#3 for NPUSCH with NPRACH using only 2 uplink subframes.

As there is no new NPUSCH Resource unit defintions are introduced for NB-IoT TDD, for TDD configuration 3, if the NPUSCH resources are allocated with less number of subcarriers than 12, there will be RU fragmentation across discontinuous uplink subframes. To avoid such fragmentation only 2 out of 3 uplink subframes only needs to be used for NPUSCH. The similar concept can be applied when the NPRACH resources are configured over 2 msec out of 3 msec.

Proposal 1: Consider support of NPRACH Format 1/1a in TDD configuration 3 for better resource utilization with use of shorter NPRACH format.
Proposal 2: Confirm the working assumption for support of Format 0/0a for TDD configuration 3.
3 NPUSCH for TDD

NPUSCH channel uses both 15 KHz and 3.75KHz subcarrier spacing options for FDD. For 15 KHz subcarrier spacing option multi-tone transmission up to 12 subcarriers is possible.

The possible RE size for different NPUSCH Format 1 options are listed in below table.
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For NB-IoT TDD, the NPUSCH Format 1 for 15 KHz configuration can be reused as such. Because the RU configuration will fit into possible uplink transmission durations across all the UL/DL configurations.

NPUSCH Format 2 which is used for transmission of ACK/NACK requires 4 slots which requires 2 msec of uplink window for 15 KHz transmission. NPUSCH transmission using 3.75 KHz tone frequency will require 4 slots with each slot duration of 2 msec.

Proposal 3 : NPUSCH Format 1 and 2 with 15kHz subcarrier spacing can be reused for NB-IoT TDD operation also. The uplink slots assigned will not be continuous for TDD configuration and the continuous slots available depends on the UL/DL configuration.

Use of UPPTS for NPUSCH Transmission for special subframe configuration #10

As part of RAN1-92 agreements support for special subframe configuration #10 is considered for further study. THe discussions in RA1-92bis further considers use of  DWPTS of special subframe configuration #10 without CRS for NPDSCH and NPDCCH. The agreements of RAN1-92 on not using the UPPTS for NPUSCH is meant for other special subframe configuration which does not have enough uplink symbols for use of the same for NPUSCH. This agreement should not be considered as restriction for new special subframe configuration which was agreed for further study.

On the specification efforts point of view, eventhough use of DWPTS for NPDSCH and NPDCCH is agreed at high level, exact mechanism of use of DWPTS for downlink is yet to be finalised. Whether these symbols should be considered as extended RU or should be used to repeat the symbols of adjacent subframes are not finalised. In the same way when UPPTS have enough symbols for special subframe configuration #10 these symbols should be considered for uplink transmission.

One of the purpose of special subframe configuration #10 is increase of uplink capacity for TDD configuration#2 which have limited uplink resources. Use of additional 6 symbols will increase the uplink capacity by additional 35%. If NB-IoT TDD in Rel-15 does not use these symbols for uplink, the uplink capacity improvement is not extended for NB-IoT inband deployments.

Proposal 4: Consider use of UPPTS of special subframe configuration #10 for NPUSCH transmission to extend the main benefit of this configuration for NB-IoT.
For TDD configurations with special subframe configuration #10, the UPPTS symbols can be used to repeat the first 5 OFDM symbols of the next uplink subframe following the special subframe. With the additional improvement due to repetition of the contents in special subframe, the number of repetitions can be reduced for NPUSCH transmissions accordingly if more than transmissions are configured for NPUSCH transmission.

Alternatively, the design approach which are considered for mapping NPDSCH in DWPTS can be extended for NPUSCH also. As the UPPTS is adjacent to the uplink subframe containing DMRS, it need not have additional DMRS symbol within UPPTS.

Proposal 5 : For mapping of NPUSCH to UPPTS, the design principles used for mapping NPDSCH to DWPTS can be reused.

Interlaced UL/DL transmission for NPUSCH and NPDSCH
With reduced capacity for uplink and downlink of TDD configuration, use of half duplex mechanism of FDD will lead to increased latency for NB-IoT TDD. The latency impact can be avoided with support of interlaced uplink and downlink transmission possibility in TDD.

With limited time available in Rel-15 for completion of work item, only essential aspects of interlaced transmissions should be considered for Rel-15 with further enhancements can be postponed for future release.

Enabling the reception of NPDSCH in mid of NPUSCH transmission should be supported with interlaced transmission as this will allow kind of full duplex transmission for uplink and downlink transmissions. This functionality does not realy require support for 2 HARQ process as each of the HARQ processes are in different directions.

For enabling scheduling of NPUSCH transmission after scheduling of NPDSCH transmission is only possible prior to the start of NPDSCH transmission. This functionality will require the UE to check for two successive DCI prior to start of transmission for the first DCI. The UE behaviour for listening to second DCI after reception of first DCI is property of 2*HARQ process capability.

In summary, the interlaced transmission will require only some aspects of 2 HARQ process capability not all the functions. In these cases, it is worth to consider new UE capability for interlaced transmission independent of 2 HARQ process capability.

Proposal 6 :  Interlaced UL/DL transmission only requires some aspects of UE capability related to support for 2 HARQ process. Possibility for introduction of separate UE capability for interlaced transmission can be investigated.

Interlaced reception of downlink during uplink transmissions can be used for early termination of uplink. But this functionality requires further analysis of when the ENB should consider decoding of received transmissions and effectiveness of the early termination considering the additional delay at ENB for scheduling the DCI and also the end of DCI reception at UE. In our view, the time available for Rel-15 is not sufficient to conclude all the open points related to early termination of uplink.

Early termination of downlink is also possible with interlaced UL/DL transmissions. But the benefit for UE energy consumption is only minor. So if early termination functionality is required it should be only considered for uplink.

Observation 1: In our view, the time available for Rel-15 is not sufficient for introduction of early termination functionality in Rel-15.
Proposal 7 : If the early termination functionality is agreed within group for Rel-15 only uplink early termination only needs to be considered.
4 Conclusions

Following are the proposals related to NPRACH design.
Proposal 1 : Consider support of NPRACH Format 1/1a in TDD configuration 3 for better resource utilization with use of shorter NPRACH format.
Proposal 2 : We propose to remove the bracket for support of Format 0/0a for TDD configuration 3.

Following are the proposals related to NPUSCH Design

Proposal 3 : NPUSCH Format 1 and 2 with 15kHz subcarrier spacing can be reused for NB-IoT TDD operation also. The uplink slots assigned will not be continuous for TDD configuration and the continuous slots available depends on the UL/DL configuration.
Proposal 4: Consider use of UPPTS of special subframe configuration #10 for NPUSCH transmission to extend the main benefit of this configuration for NB-IoT.
Proposal 5 : For mapping of NPUSCH to UPPTS, the design principles used for mapping NPDSCH to DWPT can be reused.
Proposal 6 :  Interlaced UL/DL transmission only requires some aspects of UE capability related to support for 2 HARQ process. Possibility for introduction of separate UE capability for interlaced transmission can be investigated.

Observation 1: In our view, the time available for Rel-15 is not sufficient for introduction of early termination functionality in Rel-15.
Proposal 7 : If the early termination functionality is agreed within group for Rel-15 only uplink early termination only needs to be considered.
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