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1   Background
During RAN4#87 Melbourne meeting, WF[1] about FeNB-IoT UE demodulation performance requirements was approved. No additional requirements need to be defined for the new features of WUS, additional SIB1-NB and SPS for FDD; But for TDD part, everything is open, in this contribution, we would like to share our view about the FeNB-IoT TDD UE demodulation performance requirements.

2   Discussion
After further analyzed RAN1 latest agreements [2], as summarized below, we give our observations.
2.1   TDD
Generally we can follow the discussion for FDD and define the demodulation performance requirements for each physical channel: NPBCH, NPDCCH and NPDSCH if possible.
· Supporting two HARQ processes is an optional UE capability in NB-IoT TDD system.

· UL/DL configuration and the special subframe configuration are indicated via SIB1-NB.

· Higher layers signal one bitmap containing to indicate whether the DL/UL/special subframes are valid or not.

· The maximum UL and DL TBS for Cat. NB1 and Cat. NB2 are kept the same as Rel-13/Rel-14 (e)NB-IoT FDD systems

· Downlink scheduling delay is defined by 4 physical subframes + k0, and k0 is based on valid downlink subframes. The scheduling delay values in FDD NB-IoT are reused.

· FFS on whether valid special subframes which include DwPTS can be counted as a part of the scheduling delay k0

NPBCH:
· MIB-NB is transmitted on the same NB-IoT carrier as NPSS/NSSS.
· Periodicity of SIB1-NB in TDD is the same as FDD (i.e. 2560ms)

· One transport block of SIB1-NB is transmitted over 8 SIB1-NB subframes (i.e. same as FDD)

· For NPSS, NSSS and NPBCH transmission in TDD:

· NPSS is transmitted on subframe #5 in every radio frame, same as FDD
· NSSS is transmitted on subframe #0 in every even-numbered radio frame; in subframe#9 in every other frame for FDD
· NPBCH is in subframe #9 in every radio frame on the same carrier as NPSS/NSSS; in subframe #0 in every radio frame for FDD,
· For normal subframes, NRS resource mapping is the same as FDD.

From the above RAN1 agreements, we can know that NPBCH is transmitted in one subframe (subframe#9 for TDD which is a normal downlink subframe and subframe#0 for FDD) in every radio frame, so from demodulation performance point of view, no difference between FDD and TDD for NPBCH.
Proposal 1: Reuse the NPBCH FDD performance requirements for NPBCH TDD, but with RMC and test parameters updates for TDD
NPDSCH:
· TDD UL: DL configuration 0 and 6 is not supported in TDD NB-IoT in Rel-15.

· For normal subframes, NRS resource mapping is the same as FDD.

· For special subframe configurations #3, #4 and #8, NRS is mapped to the 3rd and 4th symbols of each slot

· It is not supported that SIB1-NB is transmitted on both anchor and non-anchor carrier.

· On an anchor carrier with 16 SIB1-NB repetitions, SIB1-NB can be transmitted on either of subframe #0 or subframe #4. 

· When SIB-NB is transmitted on a non-anchor carrier, two subframes, i.e., subframe #0 and #5 in the same radio frame, are used for SIB1-NB transmission in every other radio frame

· Transmission in DwPTS is supported for in-band when the number of OFDM symbols in DwPTS is greater than 3. 

· FFS if all DwPTS configurations are supported for NPDCCH

· Transmission in DwPTS is supported for guard-band and standalone for all DwPTS configurations. 
So we need to distinguish the cases with the number of OFDM symbols in DwPTS equals to 3 (special subframe configuration #0 and #5) and greater than 3 as shown below:
Table 1: Normal CP, the number of symbols for DwPTS/UpPTS/GP for special subframe
	Special subframe configuration
	DwPTS
	UpPTS
	GP

	0
	3
	1
	10

	1
	9
	1
	4

	2
	10
	1
	3

	3
	11
	1
	2

	4
	12
	1
	1

	5
	3
	2
	9

	6
	9
	2
	3

	7
	10
	2
	2

	8
	11
	2
	1

	9
	6
	1
	7

	10
	6
	6
	2



Table 2: 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


UL/DL configuration and the special subframe configuration are indicated via SIB1-NB. In the real LTE TDD network, UL:DL configuration 2 is configured as shown in Table 2 above, so we give our analysis based on UL:DL configuration 2:
For the special subframe configuration 0 and 5:

· The special subframe #1 and #6 can be regarded as invalid DL subframe;
· For non-anchor carrier: subframe #0 and #5 for SIB1-NB, uplink subframe #2 and #7

· Only subframe #3, #4, #8 and #9 are left for PDSCH transmission.

· For anchor carrier: NPBCH subframe #9, NPSS subframe #5, NSSS subframe #0 in every even-numbered radio frame, and SIB1-NB subframe #0 or #4

· At most subframe #3, #4(no SIB1-NB transmission configured) and #8 are left for PDSCH transmission

Table 3: Summary of available DL NB-IoT subframes for special subframe configuration 0/5 and UL:DL = 2

	Subframe#
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	Non-anchor carrier
	[x]
	x
	x
	√
	√
	[x]
	x
	x
	√
	√

	Anchor carrier
	[√]
	x
	x
	√
	[√]
	x
	x
	x
	√
	x


From the above analysis, we know the available DL NB-IoT subframes for PDSCH transmission for the number of OFDM symbols of  DwPTS equaling 3 is less part in one radio frame, we don’t expect good performance with such configurations, we prefer not to define performance requirements for such scenarios.
Proposal 2: Not define performance requirements for the scenarios with the special subframe configuration 0 and 5 that the number of OFDM symbols in DwPTS equals to 3.

For the scenarios that the number of OFDM symbols in DwPTS larger than 3, we prefer to choose the special subframe configuration 4 that is used in the LTE performance requirements and also UL:DL configuration 2. Transmission in DwPTS in such cases is supported as per RAN1 agreements, but how to transmit in DwPTS has not been decided by RAN1 yet.

For the special subframe configuration 4, except the special subframe #1 and #6 can be used for PDSCH transmission, all other overhead occupied by NPBCH, NPSS/NSSS and SIB1-NB is same as the special subframe configuration 0 and 5, the summary is shown in Table 4 below:
Table 4: Summary of available DL NB-IoT subframes for special subframe configuration 4 and UL:DL = 2

	Subframe#
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	Non-anchor carrier
	[x]
	√
	x
	√
	√
	[x]
	√
	x
	√
	√

	Anchor carrier
	[√]
	√
	x
	√
	[√]
	x
	√
	x
	√
	x


In such case, the differences compared to NPDSCH FDD are the uplink subframe #2 and #7, the 2 symbols occupied by UpPTS and GP in the special subframe #1 and 6, the related NPDSCH TDD performance should be worse than it for NPDSCH FDD. How much difference between FDD and TDD, maybe RAN4 can wait for RAN1 agreements about how to handle transmission in special subframe in the next meeting for further evaluation or RAN4 can consider to add a certain margin on top of the existing NPDCH FDD performance requirements.
Proposal 3: Select special subframe configuration #4 for the scenario that the number of OFDM symbols in DwPTS is larger than 3 for the related NPDSCH TDD demodulation performance evaluation.
· Consider to add a certain margin [0.5]dB on top of the existing NPDCH FDD performance requirements, or
· Wait for RAN1 agreements about how to handle transmission in special subframe for further evaluation.
NPDCCH:

Still working assumption in RAN1 agreements:
RAN1#92 working assumptions:

· For NPDCCH

· Transmission in DwPTS is supported for in-band when the number of OFDM symbols in DwPTS is greater than 3. 

· FFS if all DwPTS configurations are supported for NPDCCH

· Transmission in DwPTS is supported for guard-band and standalone for all DwPTS configurations. 

As as NPDSCH TDD analysis above, maybe similar approach can be used for NPDCCH TDD.
Proposal 4: Adopt the similar approach as NPDSCH TDD for NPDCCH TDD demodulation performance requirements evaluation.
3   Proposals
In this contribution, we further analyses the RAN1 agreements about UE further NB-IoT enhancements[1] for TDD, and give our proposals are:

Proposal 1: Reuse the NPBCH FDD performance requirements for NPBCH TDD, but with RMC and test parameters updates for TDD.
Proposal 2: Not define performance requirements for the scenarios with the special subframe configuration 0 and 5 that the number of OFDM symbols in DwPTS equals to 3;

Proposal 3: Select special subframe configuration #4 for the scenario that the number of OFDM symbols in DwPTS is larger than 3 for the related NPDSCH TDD demodulation performance evaluation:
· Consider to add a certain margin [0.5]dB on top of the existing NPDCH FDD performance requirements, or
· Wait for RAN1 agreements about how to handle transmission in special subframe for further evaluation.
Proposal 4: Adopt the similar approach as NPDSCH TDD for NPDCCH TDD demodulation performance requirements evaluation.
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