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1   Introduction
In this contribution, we would like to discuss how to specify the demodulation performance requirements for NB-IOT in high level.
2   Summary of RAN1 agreements on NB-IOT
In [1] the RAN1 agreements for Rel-13 were summarized. Based on it we summarize the agreements and their impacts on RAN4 demodulation performance requirements in Table 1. By yellow we highlight the potential new demodulation requirements to be considered for NB-IOT.
Table 1: Summary of NB-IOT RAN1 agreements and impacts on RAN4 demodulation performance requirements
	New features
	Descriptions
	Impacts on RAN4 demodulation performance requirements

	Numerology
	Downlink: 15 kHz sub-carrier spacing 
Uplink: 3.75KHz and 15KHz; Single-tone and Multi-tone
	The DL demod test should be based on 15KHz sub-carrier spacing; The UL demod tests may be based on both 3.75KHz and 15KHz.

	TDD support
	REL-13: FDD only + forward compatibility for TDD
	Only FDD demod tests specified

	CP length
	Only normal CP is supported
	Only normal CP tests specified

	System information and paging
	---
	No impact

	Transmission schemes
	Single antenna and Transmit diverisity
	Define the requirements for both TM-s

	NPBCH
	The new downlink broadcast channel specified
	The new demod requirements needed

	NPDCCH
	The new downlink control channel specified
	The new demod requirements needed

	NPDSCH
	The new downlink data channel specified
	The new demod requirements needed

	NPSS and NSSS
	The new sync signals are specified
	No demod requirement needed; RRM test can verify it

	DL reference signals
	The new downlink RS for demodulation
	Be considered in DL demod tests

	NPUSCH
	The new uplink data channel specified
	The new demod requirements needed

	RACH
	The new preamble base single-tone PRACH specified with 3.75KHz subcarrier spacing
	The new demod requirements needed and only with 3.75KHz sub-carrier spacing

	Timing relation
	Timing for A/N transmission
	Should be considered in the demod test

	Uplink DM-RS
	The new uplink RS specified
	Be considered in uplink demod test

	Uplink control information
	Transmission channel design of only 1 bit A/N via PUSCH structure
	The new demod requirements may be needed

	Uplink power control
	--
	No impact

	DL common to NPDCCH and NPDSCH
	A common OFDM baseband signal generation for NB-IoT downlink; gap; valid subframes
	The parameters should be taken into account when specifying the demod tests

	In-band, standalone, guard-band operation
	For standalone and guard band operations, NB-IoT channels and signals, except NB-PBCH, occupy the REs corresponding to “LTE CRS” calculated according to physical Cell_ID; NB-PDCCH and NB-PDSCH are rate matched around LTE CRS for in-band operation
	The downlink demod tests should be specified for two cases: Standalone and guard-band operation; and in-band operation


3   Discussion on demodulation performance requirements
3.1   General

Because in Rel-13 only FDD is supported by NB-IOT, only FDD demodulation performance requirements will be specified. And according to [1], only HD-FDD duplex mode is specified for NB-IOT. So we propose that
· Proposal 1: only specify HD-FDD NB-IOT demodulation performance requirements.
For downlink there are single carrier operation and multi-carrier operation. Considering the restricted timeline of WI for performance part, we propose to only consider single carrier operation for downlink demodulation performance. 
· Proposal 2: for downlink, only specify single carrier demodulation requirements.
For uplink transmission, both single-tone and multi-tone transmission are specified. Because the single-tone operation is mandatory but the multi-tone operation is mandatory with IOT bit, we prefer to prioritize the single-tone test case to simplify the test and meet the constraint timeline of work item.
· Proposal 3: for uplink, prioritize the single-tone operation when specify the demodulation performance requirements.

According to [1], the transmission bandwidth of NB-IOT is 12 sub-carriers for 15KHz sub-carrier spacing and 48 sub-carriers for 3.75KHz sub-carrier spacing. In other words, the transmission bandwidth is 180KHz.
· Proposal 4: use 180KHz transmission bandwidth for the demodulation performance requirements.
Similar to any new air-interface techniques, the test purposes are to verify the demodulation performance requirements and key functionalities for the new physical channels, including channel and noise estimation, demodulation and decoding, rate-matching and etc.

For downlink channel, both single antenna transmission and transmission diversity with multiple TX antennae are supported. But in practical network, 2Tx would be more typical deployment scenario. And to save the cost, generally the single receiver antenna will be utilized at UE side. So we propose that
· Proposal 5: for downlink, only specify the 2Tx and 1Rx (2x1) transmit diversity requirements for demodulation performance requirements to reduce the test case number.

For uplink only single transmitting antenna port is used for all uplink transmissions. But 2Rx may be the typical configuration for BS. So we propose that
· Proposal 6: for uplink, only specify the 1Tx and 2Rx (1x2) transmit diversity requirements for demodulation performance requirements to reduce the test case number.
3.2   Downlink
For downlink the following demodulation performance requirements should be considered for NB-IOT 
· New NPBCH demodulation performance requirements
· New NPDCCH demodulation performance requirements

· In-band operation test
· Normal coverage test: targeting at -6dB SINR

· Extended coverage test: targeting at -15dB SINR

· Standalone and guard band operation test
· Normal coverage test: targeting at -6dB SINR

· Extended coverage test: targeting at -15dB SINR
· New NPDSCH demodulation performance requirements

· In-band operation test

· Normal coverage test: targeting at -6dB SINR
· Extended coverage test: targeting at -15dB SINR

· Standalone and guard band operation test
· Normal coverage test: targeting at -6dB SINR

· Extended coverage test: targeting at -15dB SINR

For NPBCH the rate matching (resource mapping) approach is the same for all the operating modes, while for NPDSCH and NPDCCH the different rate matching approaches are used for standalone+guard-band operating mode and in-band operationg mode. So two types of tests need be considered, including the in-band operation tests and standalone and guard-band operation tests.
Since for RRM two kinds of tests are specified for normal coverage and extended coverage are specified, we may need follow the same approach to specify the downlink demodulation performance requirements. For normal coverage test, the targeting required SNR is -6dB, while for the extended coverage test the targeting required SNR is -15dB.
3.3   Uplink
For uplink the following demodulation performance requirements should be considered for NB-IOT
· New NPUSCH demodulation performance requirements;
· Tests with 3.75KHz sub-carrier spacing
· Normal coverage test

· Extended coverage test
· Tests with 15KHz sub-carrier spacing 

· Normal coverage test

· Extended coverage test
· New uplink control information performance requirements

· Tests with 3.75KHz sub-carrier spacing
· Normal coverage test

· Extended coverage test
· Tests with 15KHz sub-carrier spacing 

· Normal coverage test

· Extended coverage test
· New PRACH demodulation performance requirements

· Tests with 3.75KHz sub-carrier spacing

· Normal coverage test

· Extended coverage test

For uplink, there are two sub-carrier spacing values: one is 3.75KHz and the other is 15KHz. The straightforward way to specify the demodulation performance requirements is to specify tests for both 3.75KHz and 15KHz sub-carrier spacing. 

Like the uplink demodulation performance requirements for eMTC, which cover both normal coverage mode and extended coverage mode, we propose to consider both tests for NB-IOT uplink.
3.4   Summary of test cases
In Table 2, we summarize the proposed new demodulation performance requirements for downlink. For downlink only QPSK is supported for NB-IOT. And we propose to use the same fading channel mode as that for eMTC, i.e., EPA5 for normal coverage, and EPA1 or ETU1 for extended coverage. To further reduce the test case number, we can consider select either Test 1 +Test 4 or Test 2 + Test 3 for NPDCCH and NPDSCH demodulation performance requirements.
Table 2: Test cases for NB-IOT downlink demodulation performance requirements

	Channel
	Test Num
	Descriptions

	NPBCH
	1
	2x1 transmit diversity NPBCH demodulation test under EPA1 for in-band operation with QPSK

	NPDCCH
	1
	2x1 transmit diversity QPSK NPDCCH demodulation test under EPA5 for in-band operation with normal coverage configuration

	
	2
	2x1 transmit diversity QPSK NPDCCH demodulation test under [ETU1] for in-band operation with extended coverage configuration

	
	3
	2x1 transmit diversity QPSK NPDCCH demodulation test under EPA5 for standalone operation with normal coverage configuration

	
	4
	2x1 transmit diversity QPSK NPDCCH demodulation test under[ETU1] for standalone operation with extended coverage configuration

	NPDSCH
	1
	2x1 transmit diversity QPSK NPDSCH demodulation test under EPA5 for in-band operation with normal coverage configuration

	
	2
	2x1 transmit diversity QPSK NPDSCH demodulation test under [ETU1] for in-band operation with extended coverage configuration

	
	3
	2x1 transmit diversity QPSK NPDSCH demodulation test under EPA5 for standalone operation with normal coverage configuration

	
	4
	2x1 transmit diversity QPSK NPDSCH demodulation test under [ETU1] for standalone operation with extended coverage configuration


In Table 3 we summarize the proposed new demodulation performance requirements for uplink. For uplink QPSK is supported for PUSCH with data and BPSK is supported to transmission of signalling. And we propose to use the same fading channel mode as that for eMTC, i.e., EPA5 for normal coverage, and EPA1 or ETU1 for extended coverage. To further reduce the test case number, we can consider select either Test 1 +Test 4 or Test 2 + Test 3 for PUSCH demodulation performance requirements.
Table 3: Test cases for NB-IOT uplink demodulation performance requirements

	Channel
	Test Num
	Descriptions

	PRACH
	1
	1x2 NPRACH demodulation test under EPA5 with 3.75KHz and normal coverage

	
	2
	1x2 NPRACH demodulation test under [ETU1] with 3.75KHz and extended coverage

	NPUSCH
	1
	1x2 QPSK NPUSCH demodulation test under EPA5 with normal coverage configuration and 3.75KHz sub-carrier spacing

	
	2
	1x2 QPSK NPUSCH demodulation test under [ETU1] with extended coverage configuration and 3.75KHz sub-carrier spacing

	
	3
	1x2 QPSK NPUSCH demodulation test under EPA5 with normal coverage configuration and 15KHz sub-carrier spacing

	
	4
	1x2 QPSK NPUSCH demodulation test under [ETU1] with extended coverage configuration and 15KHz sub-carrier spacing

	UL control signal
	1
	1x2 BPSK NPUSCH demodulation test under EPA5 with normal coverage configuration and 3.75KHz sub-carrier spacing

	
	2
	1x2 BPSK NPUSCH demodulation test under [ETU1] with extended coverage configuration and 3.75KHz sub-carrier spacing

	
	3
	1x2 BPSK NPUSCH demodulation test under EPA5 with normal coverage configuration and 15KHz sub-carrier spacing

	
	4
	1x2 BPSK NPUSCH demodulation test under [ETU1] with extended coverage configuration and 15KHz sub-carrier spacing


· Proposal 7: for downlink, the proposed test cases are provided in Table 2.
· Proposal 8: for uplink, the proposed test cases are provided in Table 3.
4   Conclusions
In this contribution, we briefly analyze the design the NB-IOT demodulation performance requirements. We propose that 
· Proposal 1: only specify HD-FDD NB-IOT demodulation performance requirements.
· Proposal 2: for downlink, only specify single carrier demodulation requirements.
· Proposal 3: for uplink, prioritize the single-tone operation when specify the demodulation performance requirements.

· Proposal 4: use 180KHz transmission bandwidth for the demodulation performance requirements.

· Proposal 5: for downlink, only specify the 2Tx and 1Rx (2x1) transmit diversity requirements for demodulation performance requirements to reduce the test case number.

· Proposal 6: for uplink, only specify the 1Tx and 2Rx (1x2) transmit diversity requirements for demodulation performance requirements to reduce the test case number.
· Proposal 7: for downlink, the proposed test cases are provided in Table 2.
· Proposal 8: for uplink, the proposed test cases are provided in Table 3.
5   Reference
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