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1 Introduction

In previous RAN1 meetings, the following agreements were achieved.

For NPUSCH in NB-IoT TDD:

· 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.

· 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 FFS (The number of subcarriers and RU lengths as defined in FDD NB-IoT are not precluded).

For NPRACH in NB-IoT TDD:

· NPRACH for TDD supports single-tone with frequency hopping

· Multi-tone NPRACH formats can also be considered

· FFS details of frequency hopping

· One symbol group is defined by one CP, and N symbols. 

· FFS the value(s) of N

· FFS CP durations, symbol duration
· A preamble is defined by P symbol groups

· TDD NPRACH supports at least 3.75KHz subcarrier spacing single-tone with frequency hopping.
FFS if also 5 kHz subcarrier spacing is supported e.g. for UL-DL configuration #2
· NPRACH formats using G symbol groups with back-to-back transmission followed by a guard time (FFS guard time duration) are supported for 1, 2, and 3 contiguous uplink subframes

· An NPRACH format is associated with one value of N (the number of symbols per symbol group) and CP duration

· G is FFS, and G≥2
· P (number of symbol groups in a preamble) is even.
· For the G symbols groups that are transmitted back-to-back with 3.75 kHz subcarrier spacing, 3.75 kHz and 22.5 kHz hopping distances are supported.
· FFS the details of the hopping pattern
· FFS the hopping distance and pattern if 5 kHz subcarrier spacing is supported
· For the hopping between discontinuous transmissions within one preamble
· FFS hopping distance and hopping pattern
In this document, the remaining issues are summarized. Specifically, key views from submitted tdocs for these issues, together with recommended proposals, are provided.
2 Key issues to be revisited this meeting
2.1.1 NPRACH format

	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

2.1.2 NPRACH hopping pattern

· For G=2, P=4  (format 0, 1, 2) 
· when the repetition number =1
Tone index of the first symbol group in the preamble repetition unit is chosen to be randomly within the configured 12 tones. The initial tone index to hopping pattern mapping is

	Index of the tone used by the first symbol group
	Deterministic hopping patterns within a repetition unit

	0, 2, 4
	{+3.75kHz, 0, +22.5kHz}

	1, 3, 5
	{-3.75kHz, 0, +22.5kHz }

	6, 8, 10
	{+3.75kHz, 0,  -22.5kHz }

	7, 9, 11
	{-3.75kHz, 0, -22.5kHz }


Table 2
FFS : If extra random hopping is needed between the two back-to-back symbol groups in one preamble repetition (i.e, ‘0’ in the above table 2,4,5  be replaced by “random”)

· when repetition number >=2 

The initial tone index to hopping pattern mapping follows table 2.
The tone index of the symbol group of the odd preamble repetition unit is chosen by SFN and cell specific pseudo-random sequence.
Aiming at cancelling phase errors, for an odd preamble that has been transmitted with a given tone index for its first symbol group, the candidate tone index for the first symbol group 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 first symbol group
	Candidate Indexes for the tone to be used by the first symbol group

	0, 2, 4
	7, 9, 11

	1, 3, 5
	6, 8, 10 

	6, 8, 10
	1, 3, 5

	7, 9, 11
	0, 2, 4 


Table 3

· For G=3, P=6 (format 0-a, format 1-a)
Alt 1:

Tone index of the first symbol group in the 1st preamble repetition unit is chosen to be randomly within the configured 12 tones. 

The hopping pattern for subsequent preamble repetition units is as follows: the tone index of the symbol group of the preamble repetition unit is chosen by SFN and cell specific pseudo-random sequence.
	Index of the tone used by the first symbol group
	Deterministic hopping patterns within a repetition unit

	0, 2, 4
	{+3.75kHz, -3.75kHz, 0, +22.5kHz, -22.5kHz }

	1, 3, 5
	{-3.75kHz, +3.75kHz, 0, +22.5kHz, -22.5kHz }

	6, 8, 10
	{+3.75kHz, -3.75kHz, 0, -22.5kHz, +22.5kHz }

	7, 9, 11
	{-3.75kHz, +3.75kHz, 0, -22.5kHz, +22.5kHz }


Table 4

Alt 2:

Tone index of the first symbol group in the 1st preamble repetition unit is chosen to be randomly within the configured 12 tones. 

The hopping pattern for subsequent preamble repetition units is as follows, the tone index of the symbol group of the preamble repetition unit is chosen by SFN and cell specific pseudo-random sequence.
	Index of the tone used by the first symbol group
	Deterministic hopping patterns within a repetition unit

	0, 2, 4
	{+3.75kHz, +22.5kHz, 0, -3.75kHz, -22.5kHz }

	1, 3, 5
	{-3.75kHz, +22.5kHz, 0, +3.75kHz, -22.5kHz }

	6, 8, 10
	{+3.75kHz, -22.5kHz, 0, -3.75kHz, +22.5kHz }

	7, 9, 11
	{-3.75kHz, -22.5kHz, 0, +3.75kHz, +22.5kHz }


Table 5

FFS : If extra random hopping is needed between the two back-to-back symbol groups in one preamble repetition (i.e, ‘0’ in the above table 2,4,5  to be replaced by “random”)

3 Other issues to be consider for next meeting

3.1 NPUSCH open issues and proposals
3.1.1 Issue #1: The number of supported subcarriers, and RU lengths for TDD configuration #3 and [#6] for NPUSCH transmissions with 15 kHz subcarrier spacing
· Proposal from Ericsson [2], Intel [10]: For the NPUSCH transmissions with 15 kHz subcarrier spacing, the TDD configuration #3 and [#6] only support Multi-tone (3, 6, 12 subcarriers with RU lengths 4ms, 2ms, 1ms) and single tone (with RU length 8ms) as in FDD NB-IoT.

· Proposal from ZTE [3]: For NPUSCH with 15 kHz subcarrier spacing, the TDD configuration 3 supports Multi-tone (3, 6, 12 subcarriers with RU lengths 6ms, 3ms, 1ms) and single tone (with RU length 9 ms). If TDD UL/DL configuration 6 is supported, Multi-tone (3, 12 subcarriers with RU lengths 5ms, 1ms) and single tone (with RU length 10 ms) can be considered.
· Proposal from Qualcomm [9]: The number of subcarriers supported in TDD UL/DL configuration #3 is 1, 3, 6, 12 and 4

Recommended Proposal: 

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

· FFS the RU lengths

3.1.2 Issue #2: NPUSCH transmission with 3.75 kHz subcarrier spacing in UL/DL configurations #3

· Alt 1: Proposal from Qualcomm [9], Intel [10]: 3.75kHz subcarrier spacing is not supported for TDD UL/DL configuration #3.

· Alt 2: NPUSCH with 3.75kHz transmits on consecutive 2ms NB-slot
· Proposal from Huawei [1]: Support 3.75 kHz NPUSCH for UL-DL configurations #3 and #6 with the same definition of NB-slot and resource unit as FDD.

· Proposal from Ericsson [2]: If NPUSCH in TDD with 3.75KHz subcarrier spacing is supported for the TDD configuration #3, the following statement shall be included to avoid slot truncations: “For TDD configuration #3 which counts with three adjacent subframes, the 2ms slot is mapped over two out of three adjacent subframes in order to avoid slot truncations”.

· Proposal from Samsung [5]: Support 3.75kHz in UL/DL configuration #3. NPUSCH with 3.75kHz transmits on consecutive 2ms NB-slot, i.e., postponed until there are two consecutive uplink subframes.
· Proposal from Nokia [8]: 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.

· Alt 3: Proposal from ZTE[3]: For NPUSCH transmissions with 3.75 kHz subcarrier spacing in TDD configuration 3, the 4th OFDM symbol in NB-slot would be punctured when NB-slot is composed of two discontinuous uplink subframes.

· Alt 4: Proposal from LG[4]: Support 3.75kHz subcarrier spacing for all UL/DL configurations. Use remaining subframe for 15kHz transmission or define now short slot structure.
Recommended Proposal: 

NPUSCH transmission with 3.75 kHz subcarrier spacing is only supported for TDD UL/DL configuration #1 and #4.

3.1.3 Issue #3: Any need for any other subcarrier spacing for TDD (NPUSCH)?

· Proposal from Huawei [1]: 3.75 kHz and 15 kHz are the only supported UL subcarrier spacings in TDD NB-IoT.

· Proposal from Ericsson [2]: NPUSCH in TDD NB-IoT only supports subcarrier spacings of 15 kHz (on all TDD configurations) and 3.75 kHz (on TDD configurations #1, [#3], and #4).

Recommended Proposal: 

3.75 kHz and 15 kHz are the only supported UL subcarrier spacings in TDD NB-IoT.

3.1.4 Issue #4: Any need for any other slot structure for TDD?

· Proposal from LG [7]: Number of symbols in a slot can be adjusted in 3.75kHz subcarrier spacing.

· Proposal from Nokia [8]: 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.

Recommended Proposal: 

Other slot structure is not considered for NB-IoT TDD. 

3.1.5 Issue #5: RU for NPUSCH format 2

· Proposal from Huawei [1]: For 15 kHz subcarrier spacing, the resource unit of NPUSCH format 2 reuses FDD NB-IoT, i.e. single tone with RU length 2 ms.

· Proposal from Samsung [5]: Defined a new RU with 2 slots for NPUSCH format 2 at least for 15 kHz subcarrier spacing.
· Proposal from Nokia [8]: NPUSCH Format 1 and 2 with 15kHz subcarrier spacing can be reused for NB-IoT TDD operation.

Recommended Proposal: 

For 15 kHz subcarrier spacing, the resource unit of NPUSCH format 2 is single tone with RU length 2 ms.
3.1.6 Issue # 6: UpPTS related
Proposal from Huawei [1]:  NPUSCH is transmitted in UpPTS for 15 kHz NPUSCH format 1 and 2 in guard-band and standalone operation modes.

Proposal from Nokia [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 from Ericsson [11]: Utilize the SC-FDM symbols in the UpPTS to repeat in a predetermined manner some of the SC-FDM symbols transmitted in either an immediately succeeding uplink subframe, or in a preceding uplink subframe. 

Proposal from LG [12]: Uplink symbols in a special subframe can be used in Rel-15 TDD NB-IoT

· All symbols in UpPTS can be used at least in guard-band operation mode
Recommended Proposal: 

Further discussion is needed.
3.1.7 Issue # 7: Others

Proposal from ZTE [3]: For single tone RU in TDD NB-IoT, shorter Walsh sequence length for DM-RS needs to be considered.

Proposal from Huawei : 
LTE srs-SubframeConfig can be configured to TDD NB-IoT UEs.

npusch-AllSymbols can be configured to TDD NB-IoT UEs to indicate whether the symbols that collide with LTE SRS are punctured.
Proposals from Samsung [5]:

 Introduce ±7.5kHz offset between UL and DL carrier frequency for TDD NB-IoT for in-band and guard-band deployment. 
Except for the case that UE can derive the PRB offset from LTE center frequency, the offset between UL and DL is configured in SIB 2. 
At least for guard-band mode, introduce a RRC signaling to configure carrier frequency of uplink for the DL carrier at edge of guard-band. 
The gap between two discontinuous transmissions within one preamble is determined by Downlink-to-Uplink Switch-point periodicity, i.e., 5ms or 10ms, or by an additional RRC parameter. 
NPUSCH format 2 is transmitted start from {0, 1, 2, 4} (valid) UL subframe after 12ms.

Proposals from LG [7]:

Enhancement of ACK/NACK for Rel-15 TDD NB-IoT should be considered for efficient utilization of UL resources in TDD UL/DL configurations.
Support ACK/NACK piggy back on NPUSCH format 1 if UL/DL interlacing is supported.

Support ACK/NACK bundling or multiplexing for 2-HARQ process.
Support an early termination of UL/DL transmission utilizing interlaced UL/DL structure
Recommended Proposal: 

LTE srs-SubframeConfig can be configured to TDD NB-IoT UEs.

npusch-AllSymbols can be configured to TDD NB-IoT UEs to indicate whether the symbols that collide with LTE SRS are punctured.

3.2 NPRACH Open issues and Proposals

3.2.1 NPRACH format for TDD configuration

Proposal from Ericsson [2]: Make the NPRACH formats configurable as a function of the LTE TDD configurations.

· NPRACH Format 0 (fits into 1UL subframe) is configurable for all the LTE TDD configurations supported by TDD NB-IoT.

· NPRACH Format 1 (fits into 2UL subframes) is configurable for the LTE TDD configuration #1, #4, and #6.

· NPRACH Format 2 (fits into 3UL subframes) is configurable for the LTE TDD configuration #3 and #6.

Recommended Proposal:
Decide after TDD NPRACH format is chosen.
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