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1   Background
Enhancements on NB-IoT[1] core part was completed with 95% as per the latest status report[2], the leftovers are about positioning,  possible measurements for NPRAH resource selection on non-anchor carrier, and connected mode mobility for Control Plane CIoT EPS optimization. From demodulation performance point of view, the related core requirements should be completed and RAN4 can start the discussion about demodulation requirements.
In this contribution, we analyses the possible demodulation performance requirements for NB-IoT UE.

2   Analysis of NB-IoT UE enhancements performance requirements
2.1   Positioning

Either OTDOA or UTDOA based positioning, they belongs to functionality feature supported by NB-IoT UEs, the related performance can be guaranteed by RRM performance requirement, no demodulation performance requirements are needed.

2.2   SC-PTM

SC-PTM in NB-IoT is supported only for UEs in RRC_IDLE state and is optional for UE to support. It is a functionality feature supported by NB-IoT UEs and can be verified by RAN5 functionality test, no demodulation performance requirements are needed.
2.3   New UE Category NB2

New UE category NB2 with max UL and max DL TBS of 2536 bits is introduced for Release 14 NB-IoT enhancements, the total number of soft channel bits is 6400 bits. New UE category with soft buffer change compared to Release 13 UE Category NB1, the corresponding NPDSCH performance needs to be defined to verify the larger soft buffer handling. 

New UE Category NB2 supports 2 HARQ processes for the scheduling of one NPDSCH codeword in one cell indicated by “HARQ process number” field in DCI Format N1. DL 2 HARQ processes can increase the peak data rate compared to 1 HARQ process. Each of the 2 HARQ processes reuses Rel-13 timing relationship and scheduling delay values, the gap between the second DL grant and the start of the first NPDSCH should be at least 2ms, i.e. ≥ 2 ms, and the gap between NPUSCH to any DL reception including NPDSCH and NPDCCH should be ≥ 1ms, the overall timing relationship for 2HARQ processes is shown as Figure 1 below, the updates compared to Release 13 are shown in red. To facilitate the NPDSCH performance test, new signal pattern needs to be defined for 2 HARQ processes.
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Figure 1: Downlink timing relationship of 2HARQ processes
To test the new UE category NB2 with max DL TBS of 2536bits and 2HARQ processes and minimize the test case number considering that Release 14 NB-IoT UE should also pass those NB-IoT performance requirements defined in Release 13, we think that one case with TBS larger than 680bits and with 2 HARQ processes configured at the same time can be defined.

Proposal 1: NPDSCH demodulation performance requirements with TBS larger than 680bits and with 2 HARQ processes configured need to be defined.
2.4   Others

The NRS position on a non-anchor carrier compared to Release 13 is updated, but only 10ms gap before NPDSCH and 4ms gap after the NPDSCH transmission are reserved, no NRS change during NPDSCH transmission, so no performance affection to NPDSCH.
2.5   Test setup

To define new NPDSCH performance requirements with larger TBS than 680bits and 2HARQ processes, like we discussed in Release 13, many aspects need to be considered.
Deployment scenarios of Stand-alone, Guard-band and In-band: From NB-IoT UE point of view, UE needs to support all deployment scenarios; the capability to support all deployment scenarios has been tested by the related performance requirements defined in Release 13. In Release 14, and we should focus on the performance requirements of new features and select one scenario to test by specifying the test applicability that UE only needs to past one of the test during verification. 
Carrier Type: Anchor carrier and non-anchor carrier are supported in NB-IoT, like we observed in Release 13, there is minor demodulation performance difference between anchor carrier and non-anchor carrier by comparing the simulation results, to simplify the simulation, we can choose non-anchor carrier for the simulation and performance requirements definition like we did for Release 13 NB-IoT demodulation performance requirements.
Propagation Condition: In Release 13, both EPA5 and ETU1 are tested, consider the good coverage for peak data rate enhancements, we prefer EPA5.
Antenna Configuration: Considering that In-band and guard-band will be deployed with LTE and usually 2Tx are supported for LTE, so we prefer to select 2 NRS ports for guard-band and in-band deployment scenario related performance requirement and 1 NRS port for standalone deployment scenario.
Repetition number: Rel-13 timing relationship and scheduling delay values are reused for each of the 2-HARQ process, due to the limited scheduling delayed 
[image: image2.wmf]0

k

defined in Table 16.4.1-1 of TS 36.213 for NPDSCH, the collision can occur if the number of subframes for the first NPDSCH transmission 
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defined for the second NPDSCH. For example, if 
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[image: image6.wmf]Rep

N

=128, the scheduling delay for 2nd NPDSCH should be larger than (1280+2) subframes which cannot be supported by the defined scheduling delay. The 2HARQ processes is mainly used to increase the peak data rate, so good coverage should be guaranteed and less repetition number can be selected. Also to minimize the test time, less scheduling time is preferred. For TBS larger than 680bits, the available 
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is from 2~7 as per Table 16.4.1.5.1-1 of TS 36.213, take into account the scheduling time, the resource assignment 
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for NPDSCH and NPDSCH repetition number, the largest repetition number can be selected as shown in Table 1 below considering at least 2ms gap between the second DL grant and the start of the first NPDSCH transmission. 
Table 1: Max number of repetition for different scheduling delay 
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As per the above analysis, for Release 14 NB-IoT enhancements, we can define the following demodulation performance requirements:

Table 8.12.1.1.3-x1: Minimum performance under In-band with 2 NRS ports with 2 HARQ processes
	Test number
	Bandwidth
	Carrier Type
	Reference Channel
	Repetition number
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)

	1
	200kHz
	Non-anchor
	R.NB.x FDD
	[2]
	EPA5
	2x1 Low
	70%
	TBD


Table 8.12.1.1.4-x2: Minimum performance for NPDSCH under Standalone with 1 NRS port with 2 HARQ processes
	Test number
	Bandwidth
	Carrier Type
	Reference Channel
	Repetition number
	Propagation condition
	Number of NRS ports
	Reference value

	
	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)

	1
	200kHz
	Non-Anchor
	R.NB.y FDD
	[2]
	EPA5
	1
	70%
	TBD


Table 8.12.1.1.5-x3: Minimum performance for NPDSCH under Guard-band with 2 NRS port with 2 HARQ processes
	Test number
	Bandwidth
	Carrier Type
	Reference Channel
	Repetition number
	Propagation condition
	Number of NRS ports
	Reference value

	
	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)

	1
	200kHz
	Non-Anchor
	R.NB.y FDD
	[2]
	EPA5
	2
	70%
	TBD


Proposal 2: Propose to define NPDSCH demodulation performance requirements with the following setups and UE just needs to test one of three scenarios by specifying test applicability:

Table 8.12.1.1.3-x1: Minimum performance under In-band with 2 NRS ports with 2 HARQ processes

	Test number
	Bandwidth
	Carrier Type
	Reference Channel
	Repetition number
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)

	1
	200kHz
	Non-anchor
	R.NB.x FDD
	[2]
	EPA5
	2x1 Low
	70%
	TBD


Table 8.12.1.1.4-x2: Minimum performance for NPDSCH under Standalone with 1 NRS port with 2 HARQ processes

	Test number
	Bandwidth
	Carrier Type
	Reference Channel
	Repetition number
	Propagation condition
	Number of NRS ports
	Reference value

	
	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)

	1
	200kHz
	Non-Anchor
	R.NB.y FDD
	[4]
	EPA5
	1
	70%
	TBD


Table 8.12.1.1.5-x3: Minimum performance for NPDSCH under Guard-band with 2 NRS port with 2 HARQ processes
	Test number
	Bandwidth
	Carrier Type
	Reference Channel
	Repetition number
	Propagation condition
	Number of NRS ports
	Reference value

	
	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)

	1
	200kHz
	Non-Anchor
	R.NB.y FDD
	[4]
	EPA5
	2
	70%
	TBD


3   Proposals
As per the analysis of Release 14 NB-IoT enhancements for BS and UE parts, we give the following proposals:

Proposal 1: NPDSCH demodulation performance requirements with TBS larger than 680bits and with 2 HARQ processes configured need to be defined.
Proposal 2: Propose to define NPDSCH demodulation performance requirements with the following setups and UE just needs to test one of three scenarios by specifying test applicability:

Table 8.12.1.1.3-x1: Minimum performance under In-band with 2 NRS ports with 2 HARQ processes

	Test number
	Bandwidth
	Carrier Type
	Reference Channel
	Repetition number
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)

	1
	200kHz
	Non-anchor
	R.NB.x FDD
	[2]
	EPA5
	2x1 Low
	70%
	TBD


Table 8.12.1.1.4-x2: Minimum performance for NPDSCH under Standalone with 1 NRS port with 2 HARQ processes

	Test number
	Bandwidth
	Carrier Type
	Reference Channel
	Repetition number
	Propagation condition
	Number of NRS ports
	Reference value

	
	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)

	1
	200kHz
	Non-Anchor
	R.NB.y FDD
	[4]
	EPA5
	1
	70%
	TBD


Table 8.12.1.1.5-x3: Minimum performance for NPDSCH under Guard-band with 2 NRS port with 2 HARQ processes
	Test number
	Bandwidth
	Carrier Type
	Reference Channel
	Repetition number
	Propagation condition
	Number of NRS ports
	Reference value

	
	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)

	1
	200kHz
	Non-Anchor
	R.NB.y FDD
	[4]
	EPA5
	2
	70%
	TBD
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