
3GPP TSG RAN WG1 Meeting #92bis                                R1-1804270
Sanya, China, 16th April – 20 April 2018
Agenda item:

6.2.7.6.2
Source:
Nokia, Nokia Shanghai Bell
Title:
Uplink Aspects of TDD Support in NB-IoT
Document for:

Discussion and Decision
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].
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

In RAN1-92 following are the agreements related to NPRACH.

· NPRACH for TDD NB-IoT uses only 3.75 kHz as subcarrier spacing.
· NPRACH symbol duration is 266.67us.
Define the following NPRACH formats

	Format
	Description
	G
	P
	N
	CP length 
	Nominal cell size

	0
	Two symbol groups followed by a guard time fit into 1 UL subframe
	2
	4
	1
	4778 Ts

(~155.5us)
	~23.3km

	1
	Two symbol groups followed by a guard time fit into 2 UL subframes
	2
	4
	2
	8192 Ts

(~266.7us)
	~40.0km

	2
	Two symbol groups followed by a guard time fit into 3 UL subframes
	2
	4
	4
	8192 Ts

(~266.7us)
	~40.0km

	0-a
	Three symbol groups followed by a guard time fit into 1 UL subframe
	3
	6
	1
	1536 Ts

(~49.95us)
	~7.5km

	1-a
	Three symbol groups followed by a guard time fit into 2 UL subframes
	3
	6
	2
	3072 Ts

(~99.9us)
	~15.0km


Table 1

FFS how and which format to use for each TDD UL/DL configuration 

For the table above referring to NPRACH format for TDD NB-IoT, a guard time will be created naturally to fit into one (format 0,0-a), two(format 1, 1-a) or three (format 2) UL subframes .

FFS the supported number of repetitions for each format

Following are the agreements regarding NPUSCH for TDD in RAN1-91 and RAN1-90bis meeting.
·  For the NPUSCH transmissions with 15 kHz subcarrier spacing, both Multi-tone (3, 6, 12 subcarriers with RU lengths 4ms, 2ms, 1ms) and single tone (with RU length 8ms) transmissions are supported as in FDD NB-IoT for all the supported TDD configurations in TDD NB-IoT other than the TDD configuration #3 and [#6]. The number of supported subcarriers, and RU lengths for TDD configuration #3 and [#6] is FSS (The number of subcarriers and RU lengths as defined in FDD NB-IoT are not precluded).

· NPUSCH transmissions with 15 kHz subcarrier spacing are supported in all supported UL/DL configurations for NB-IoT TDD.

· 3.75 kHz is also supported, in UL/DL configurations #1, [#3], #4, with the same definition of NB-slot and resource unit as FDD

· FFS if there any need for any other subcarrier spacing and/or slot structure for TDD

· This needs to take into consideration the co-existence of NPRACH and NPUSCH.

In this paper, we analyse the impacts to uplink physical channels (NPRACH and NPUSCH) for NB-IoT TDD.
2 NPRACH for TDD
As per RAN1-92 agreements 5 NPRACH formats are defined for TDD. The NPRACH format to be used for different TDD configurations are FFS.

In LTE, overall 5 preamble formats are configured where 4 formats (Format 0-3) are common for FDD and TDD and only one format is defined for TDD. The preamble format defined 4 for TDD is configured to use within UpPTS part of special subframe so that the uplink subframes can be used for PUSCH. Other preamble formats can be used in any of the TDD configuration provided the available uplink duration is sufficient for transmission of format including the guard period.
For NB-IoT TDD operations also the same concept can be applied where the NPRACH Format can be used in TDD configuration if the available uplink duration is sufficient for the format provided the use of NPRACH format for TDD configuration does not require changes to NPUSCH format changes.

·  NPRACH Format 0 and 0a can be used in all TDD configurations. When this format is used for TDD configurations with more than one consecutive uplink subframes, the NPRACH can be mapped to the first uplink subframe following the special subframe. The remaining resources on the NPRACH subframe and remaining subframes can be used for NPUSCH channels. 
· When these formats are configured for TDD configuration with 2 UL subframes, NPUSCH needs to be mapped to single UL subframe. Here the NPUSCH Format which requires more than 1 msec duration will be mapped to resources which are not consecutive.
· When these formats are configured for TDD configuration with 3 UL subframes, NPUSCH transmission may have 2 consecutive uplink subframes in all subcarriers. NPUSCH transmission can use 3 consecutive uplink subframes if the NPUSCH transmission is limited to the resources excluding the NPRACH resources.

· NPRACH Format 1 and 1a also can be configured for TDD configurations with more than 2 adjacent uplink subframes with NPUSCH mapped to remaining subframes with all subcarriers.
· NPRACH Format 2 can be mapped only in TDD configuration having 3 uplink subframes.

· For TDD configuration #6 which have 3 uplink subframes in first 5 msec and 2 uplink subframes in the second 5 msec of the radio frame, any of the NPRACH Format can be configured.

For TDD configurations with 5 msec switching period, the NPRACH transmission can be configured to either of 5 msec part of the radio frame or on both 5 msec part depending on the NPRACH load requires to be handled by the cell.

Proposal 1: Any of the NPRACH Formats defined in Table 1 can be configured in NB-IoT TDD cell provided the available continuous uplink duration of the configuration is greater than duration of NPRACH Format including minimum guard duration equivalent to CP duration.
As per the agreed NPRACH Format definitions, two NPRACH formats are defined for 1 msec (Format 0 and 0a) and 2 msec duration (Format 1 and 1a). One format have maximum CP duration so that larger cell radius can be supported and other format consists of more frequency hopping within single transmission for improved MCL performance. If the link level simulation results for the two formats having same uplink duration does not have significant difference (eg..less than 1 dB) only the format which support higher cell radius and also having common P and G parameter should be considered for further specification.
In the same-way, if there is no considerable difference in link level performance between Format 0-a and 1-a, Format 0-a alone should be defined which can also be used for 2 msec duration. 

Proposal 2: Further shortlisting of NPRACH formats should be considered if the MCL performance across different formats for same uplink duration does not vary by significant margin.
As per RAN1-92 agreements, support for TDD configuration 10 is FFS. This TDD configuration is introduced in increase the uplink capacity for LTE TDD operation for the configurations which have limited uplink resources. This configuration is defined in Table 2.

	
	DWPTS
	GP
	UPPTS

	Duration
	
[image: image1.wmf]s

13168

T

×


	
[image: image2.wmf]s

13152

T

×


	
[image: image3.wmf]s

12800

T

×



	Symbols
	6
	2
	6

















Table 2 
When this special subframe is configured the UPPTS part of special subframe should be considered for uplink transmission as the main purpose of this configuration is to increase the uplink capacity. This requirement is different from RAN1-92 agreement where the UPPTS is not used for NPUSCH or NPRACH.
For this special subframe configuration, NPRACH Format 1a can be reused with some reduction on the CP duration so that the NPRACH format fits within UPPTS and first slot of the uplink subframe. This configuration enables use of one complete uplink slot (0.5 msec) for NPUSCH mapping. Mapping of NPUSCH over integral duration of slots does not require any major changes to NPUSCH formats compared to mapping NPUSCH to duration less than 0.5 msec.
Proposal 3: For special subframe configuration #10, UPPTS part of special subframe should be considered for NPRACH transmission. 

Proposal 4: Further modifications for Format 0-a and 1-a should be investigated to align the uplink duration considering the transmission in UPPTS part of special subframe for special subframe configuration 10.
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 5 : 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.
NPUSCH Format for 3.75 Khz subcarrier spacing the uplink frame structure defined for NB-IoT FDD consists of uplink slots of 2 msec duration. If the same uplink slot configuration needs to be continued for NB-IoT TDD, the UL/DL configurations should provide atleast 2 uplink subframes.

Proposal 6 : It is proposed to consider UL/DL configuration with 2 consecutive UL subframes as basis to support 3.75 KHZ PUSCH operation in NB-IoT TDD.

For UL/DL configurations which have only single uplink subframe allocated per switching window,new slot format can be used for NPUSCH format with 3.75 KHz subcarrier spacing. The new format consists of two segements each can be mapped to one uplink subframe. Each segment consists of 4 OFDM symbols with one OFDM symbol assigned for reference symbols. With this segmented slot format, the number of data symbols per slot remains same as the FDD Format. With this new slot format, same RU definition of NPUSCH-FDD can be reused for TDD. As the RU definition remains same ,existing TBS sizes can be used for TDD.
Use of different NPUSCH Slot formats for different TDD configuration is shown in the below diagram.

 SHAPE  \* MERGEFORMAT 



Slot Format 1 which is similar to FDD can be reused for TDD configuration 1 which have 2 msec uplink window to fit the single slot.
New segmented slot format can be used for TDD Configuration 2 where 2 discrete uplink subframes are available within radio frame. First segment of the new slot format is mapped to the first uplink subframe and second segment of the format is mapped to the second uplink subframe within radio frame. Each of the segment have reference symbols to enable channel estimation in each segment seperately if required. The number of data symbols of the segmented format remain same as the normal slot format.

The segmented slot duration is higher than 1 msec so that integral number of symbols are mapped to the segment. For this purpose, the segmented slot transmission will also use UpPTS part of special subframe.

Proposal 7 : For mapping NPUSCH with 3.75 KHz SCS to TDD configurations which does not have 2 msec uplink window, new slot format with two segments shall be used, new slot format with two segments shall be used. Each of the segment contains integral number of symbols along with reference symbols in each segment. The segment duration is higher than one uplink subframe duration and will start from UpPTS part of the special subframe.
Proposal 8 :Use of UpPTS symbols for NPUSCH transmission should be considered for 3.75KHz SCS option where the integral number of symbols per segment requires more duration than 1 msec.

As per latest agreements on NPUSCH aspects, 3.75 KHz SCS should be supported for UL/DL configurations having 2 adjucent uplink subframes. The NPUSCH SCS /Format for other configurations are FFS.

Intrroduction of new SCS than already supported in existing system will have additional impact on the base station compared to use of existing SCS with modified slot format. The modified slot format being already considered for NPRACH, similar changes can be considered for NPUSCH also instead of defining new SCS for NPUSCH operations.

Observation 1: Modification of slot format with existing SCS will have lesser impacts to base station compared to support of new SCS for NPUSCH operation.
When special subframe configuration which contains 6 OFDM symbols in the special subframe for uplink should be considered for NPUSCH transmission for effective utilisation of additional uplink capacity provided by this configuration. The UPPPTS symbols can be used to repeat the NPUSCH symbols of subsequent uplink subframe for improved performance. Alternatively, the NPUSCH resource unit defintion should also consider UPPTS symbols for resource mapping with some additional puncturing to fit the content within UPPTS which is one OFDM symbol less than single NPUSCH slot.

NPUSCH Format 3.75KHz which requires continueous uplink duration of 2 msec cannot be supported in TDD configuration #2 which have only 1 msec uplink duration without fragmentation as described above. With special subframe configuration#10 supported in TDD configuration #2, the total uplink duration available for NPUSCH transmission is increased by additional 6 symbols.

For this configuration new short NPUSCH Format for 3.75 KHz with 5 OFDM symbols instead of 7 OFDM symbols can be supported. In this case the number of data symbols can be reduced to fit the RU within the available duration. For NPUSCH Format-2, the 1 bit information to be carried is mapped to 8 symbols instead of 16 symbols in existing NB-IoT system.

Proposal 9 : NPUSCH Transmission of UPPTS should be supported for Special Subframe configuration # 10. In this case, the UPPTS symbols can be used for repetition of the contents of subsequent uplink subframe or UPPTS symbols can be considered as part of resource unit for NPUSCH mapping.
Proposal 10: Shor slot format with reduced OFDM symbols can be supported for TDD configuration#2 if it supports the special subframe configuration#10.
4 Conclusions

In this document, we discuss uplink physical channel changes required for NB-IOT TDD operation and make following observations and proposals.

For NPRACH Physical channel related aspects for NB-IoT TDD

Proposal 1: Any of the NPRACH Formats defined in Table 1 can be configured in NB-IoT TDD cell provided the available continuous uplink duration of the configuration is greater than duration of NPRACH Format including minimum guard duration equivalent to CP duration.
Proposal 2: Further shortlisting of NPRACH formats should be considered if the MCL performance across different formats for same uplink duration does not vary by significant margin.
Proposal 3: For special subframe configuration #10, UPPTS part of special subframe should be used for NPRACH transmission. 

Proposal 4: Further modifications for Format 0-a and 1-a should be investigated to align the uplink duration considering the transmission in UPPTS part of special subframe for special subframe configuration 10.
For NPUSCH Physical channel related aspects for NB-IoT TDD

Proposal 5 : 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 6 : It is proposed to consider UL/DL configuration with 2 consecutive UL subframes as basis to support 3.75 KHZ PUSCH operation in NB-IoT TDD.
Proposal 7 : For mapping NPUSCH with 3.75 KHz SCS to TDD configurations which does not have 2 msec uplink window, new slot format with two segments shall be used, new slot format with two segments shall be used. Each of the segment contains integral number of symbols along with reference symbols in each segment. The segment duration is higher than one uplink subframe duration and will start from UpPTS part of the special subframe.

Proposal 8 :Use of UpPTS symbols for NPUSCH transmission should be considered for 3.75KHz SCS option where the integral number of symbols per segment requires more duration than 1 msec.

Proposal 9 : NPUSCH Transmission of UPPTS should be supported for Special Subframe configuration # 10. In this case, the UPPTS symbols can be used for repetition of the contents of subsequent uplink subframe or UPPTS symbols can be considered as part of resource unit for NPUSCH mapping.
Proposal 10: Shor slot format with reduced OFDM symbols can be supported for TDD configuration#2 if it supports the special subframe configuration#10.
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