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1. Introduction

According to the WI schedule, the discussion on NR demodulation requirements is started from this meeting. This contribution presents our preliminary views on NR BS demodulation requirements for FR1.
2. Discussion
As specified in TS 38.211, the following uplink physical channels are specified for NR:

· Physical Uplink Shared Channel, PUSCH

· Physical Uplink Control Channel, PUCCH

· Physical Random Access Channel, PRACH

In the following ,we will discuss the demodulation requirements for the three physical uplink channels.
2.1. PUSCH
For PUSCH demodulation requirements, the following aspects should be considered:

· FRC or link adaptation
Link-level simulation with link adaptation (AMC) could show the overall performance of PUSCH. Meanwhile, there are some disadvantages with link adaptation, e.g., increases the simulation efforts needed, hard to distinguishable the baseband receiver performance and link adaptation optimization, difficult to align simulation results among companies.
For LTE PUSCH demodulation tests, fixed FRC and HARQ retransmission are assumed, and the performance requirement is determined by a minimum required throughput for a given SNR.
For NR PUSCH, it is should be discussed whether to use FRC or link adaptation.

Proposal 1-1: For NR PUSCH, discuss whether to use FRC or link adaptation.
· MIMO
For UE transmitter, up to 4 antenna ports can be set as defined in TS 38.211. For Rel-15 NR PUSCH performance requirements, two alternatives can be considered: a) cover 1 and 2 UE Tx antennas, b) cover 1, 2 and 4 UE Tx antennas. 
For FR1 BS receiver with conducted test, similarly to LTE PUSCH tests, it is suggested to cover 2, 4 and 8 Rx antennas for NR PUSCH demodulation requirements. 
The uplink MIMO transmission layers for different Tx/Rx antenna configurations are to be discussed further.
Proposal 1-2: Considering MIMO for Rel-15 NR PUSCH performance requirements, 
· At UE side, cover 1/2 Tx antennas, or alternatively, 1/2/4 Tx antennas.
· At BS side, cover 2/4/8 Rx antennas.

· The MIMO transmission layers for different Tx/Rx antenna configurations are to be discussed further.
· Transmission scheme
Two transmission schemes are supported for NR PUSCH: codebook based transmission and non-codebook based transmission.
· For non-codebook-based transmission, the precoding matrix 
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 equals the identity matrix.
· For codebook-based transmission, the precoding matrix 
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 is given by 
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 for single-layer transmission on a single antenna port, otherwise by Tables 6.3.1.5-1 to 6.3.1.5-7 in TS 38.211 with the TPMI index obtained from the DCI scheduling the uplink transmission.

It is proposed to cover both codebook based transmission and non-codebook based transmission, and discuss further how to select the precoding matrix for codebook based transmission.
Proposal 1-3: Cover both codebook based transmission and non-codebook based transmission, and discuss how to select the precoding matrix for codebook based transmission.
· Transform precoding
For NR PUSCH, the transform precoding can be enabled or disabled. The supported MIMO scheme, RS configuration as well as resource allocation can be different for PUSCH with and without transform precoding. Note that if transform precoding is enabled, the transmission layer equals to 1.
So it is suggested to cover PUSCH with and without transform precoding.
Proposal 1-4: Cover PUSCH with and without transform precoding.
· MCS and LDPC base graph selection
The supported modulation schemes for NR PUSCH are specified in Table 6.3.1.2-1 in TS 38.211 and copied as below. Meanwhile, various target code rates are supported for each modulation scheme, and MCS table for PUSCH is specified in section 6.1.4.1 of TS 38.214. 
It is suggested to discuss the modulation scheme and target code rate to be used in the test. 
Table 1: Supported modulation schemes (Table 6.3.1.2-1 in TS 38.211)
	Transform precoding disabled
	Transform precoding enabled

	Modulation scheme
	Modulation order 
[image: image4.wmf]m

Q


	Modulation scheme
	Modulation order 
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	π/2-BPSK
	1

	QPSK
	2
	QPSK
	2

	16QAM
	4
	16QAM
	4

	64QAM
	6
	64QAM
	6

	256QAM
	8
	256QAM
	8


As known, LDPC base graph 1 and 2 are introduced for NR PUSCH channel coding, and LDPC base graph selection is specified in section 6.2.2 of TS 38.212 and copied as below.

For initial transmission of a transport block with coding rate 
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 indicated by the MCS index according to Subclause 6.1.4.1 in [6, TS38.214] and subsequent re-transmission of the same transport block, each code block of the transport block is encoded with either LDPC base graph 1 or 2 according to the following:

-
if 
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, LDPC base graph 2 is used;

-
otherwise, LDPC base graph 1 is used,

where 
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 is the payload size as described in Subclause 6.2.1.

So, it is important to cover both LDPC base graph 1 and 2 when selecting the payload size and code rate.
Proposal 1-5: Discuss the modulation scheme and target code rate to be used in the test. Cover both LDPC base graph 1 and 2 when selecting the payload size and code rate.
· Frequency hopping
Frequency hopping can be enabled for NR PUSCH. Discuss whether to cover the PUSCH with frequency hopping enabled, disabled, or both of them.

Proposal 1-6: Discuss whether to cover PUSCH with frequency hopping enabled, disabled, or both of them.
· Uplink control information on PUSCH
UCI information, i.e., HARQ-ACK and CSI, can be transmitted on PUSCH. Discuss whether to cover the requirements for UCI multiplexed on PUSCH.

Proposal 1-7: Discuss whether to cover the requirements for UCI multiplexed on PUSCH.
· Channel bandwidth, sub-carrier spacing and PRB number 
For FR1, the transmission bandwidth configuration NRB for each BS channel bandwidth and subcarrier spacing is specified in table 5.3.2.-1 of TS 38.104 and copied below.
Table 2: Transmission bandwidth configuration NRB for FR1 (Table 5.3.2.-1 in TS 38.104)
	SCS [kHz]
	5

MHz
	10

MHz
	15

MHz
	20 MHz
	25 MHz
	30

MHz
	40 MHz
	50 MHz
	60 MHz
	70

MHz
	80 MHz
	90

MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	[160]
	216
	270
	N.A
	N.A
	N.A
	N.A
	N.A

	30
	11
	24
	38
	51
	65
	[78]
	106
	133
	162
	[189]
	217
	[245]
	273

	60
	N.A
	11
	18
	24
	31
	[38]
	51
	65
	79
	[93]
	107
	[121]
	135


In LTE, 6 channel bandwidths ranging from 1.4 MHz to 20 MHz are defined, and LTE PUSCH performance requirements are specified for each of the 6 channel bandwidths. 13 channel bandwidths and 3 sub-carrier spacing are introduced in NR. It is suggested to discuss whether to cover all the combinations of channel bandwidth and sub-carrier spacing for NR.
Moreover, considering the occupied PRB number within the channel bandwidth, whether to cover full PRB allocation and/or partial PRB allocation for PUSCH also need further discussion.
Proposal 1-8: Discuss whether to cover all the combinations of channel bandwidth and sub-carrier spacing for NR, and whether to cover full PRB allocation and/or partial PRB allocation for PUSCH.
· Normal or extended CP

Extended CP is supported for NR data with 60 kHz sub-carrier spacing. Whether to cover the requirements for extended CP for 60 kHz sub-carrier spacing needs further discussion.
Proposal 1-9: Discuss whether to cover extended CP for 60 kHz sub-carrier spacing.
· Inter-cell interference

In LTE PUSCH demodulation tests, two sets of requirements are introduced: 1) inter-cell interference is modeled as AWGN, 2) explicit inter-cell interference is modeled. The later set is introduced in a later release, i.e., Rel-15. 

For NR, it is suggested to model inter-cell interference as AWGN in Rel-15 PUSCH demodulation tests.

Proposal 1-10: Model inter-cell interference as AWGN in Rel-15 NR PUSCH demodulation tests.
2.2. PUCCH

For PUCCH demodulation requirements, the following aspects should be considered:

· MIMO
Similarly to the discussion for NR PUSCH in section 2.1, proposal 2-1 is given considering the MIMO configuration for NR PUCCH:
Proposal 2-1: Considering MIMO for Rel-15 NR PUCCH performance requirements, 
· At UE side, cover 1/2 Tx antennas, or alternatively, 1/2/4 Tx antennas.
· At BS side, cover 2/4/8 Rx antennas.

· PUCCH format and UCI payload size
As seen from Table 3 (copied from Table 6.3.2.1-1 in TS 38.211), 5 PUCCH formats are specified for NR. For the 5 PUCCH formats, the occupied OFDM symbol length, payload size, channel coding as well as RS configuration are different. So, it is suggested to cover all the 5 PUCCH formats in demodulation tests.

Table 3: PUCCH formats (Table 6.3.2.1-1 in TS 38.211)

	PUCCH format
	Length in OFDM symbols 
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	Number of bits

	0
	1 – 2
	≤2

	1
	4 – 14
	≤2

	2
	1 – 2
	>2

	3
	4 – 14
	>2

	4
	4 – 14
	>2


Proposal 2-2: Cover all the 5 PUCCH formats.

· Frequency hopping
Frequency hopping can be configured for NR PUCCH format 1/3/4. Discuss whether to cover PUCCH with frequency hopping enabled, disabled, or both of them for PUCCH format 1/3/4.

Proposal 2-3: Discuss whether to cover PUCCH with frequency hopping enabled, disabled, or both of them for PUCCH format 1/3/4.
· Channel bandwidth, sub-carrier spacing and PRB number 

Similarly to the discussion for PUSCH, it is suggested to discuss whether to cover all the combinations of channel bandwidth and sub-carrier spacing for each of the PUCCH formats. 

Moreover, for PUCCH format 2 or PUCCH format 3, the number of PRBs is configurable, hence the PRB number to be used in the demodulation test need further discussion.
Proposal 2-4: Discuss whether to cover all the combinations of channel bandwidth and sub-carrier spacing for each of the PUCCH formats, and discuss the PRB number to be used in PUCCH format 2/3 demodulation tests.
· Normal or extended CP

Extended CP is supported for NR control with 60 kHz sub-carrier spacing. Whether to cover the requirements for extended CP for 60 kHz sub-carrier spacing needs further discussion.

Proposal 2-5: Discuss whether to cover extended CP for 60 kHz sub-carrier spacing.
2.3. PRACH
For PRACH demodulation requirements, the following aspects should be considered:

· MIMO
Similarly to the discussion for NR PUSCH in section 2.1, proposal 3-1 is given considering the MIMO configuration for NR PRACH:
Proposal 3-1: Considering MIMO for Rel-15 NR PRACH performance requirements, 
· At UE side, cover 1/2 Tx antennas, or alternatively, 1/2/4 Tx antennas.
· At BS side, cover 2/4/8 Rx antennas.

· Preamble format and sub-carrier spacing
There are several PRACH preamble formats as specified in Table 6.3.3.1-1 and Table 6.3.3.1-2 of TS 38.211, and copied below. It should be discussed further which formats and sub-carrier spacing need to be covered in the demodulation test.
Table 4: PRACH preamble formats for 
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 (Table 6.3.3.1-1 in TS 38.211)
	Format
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	Support for restricted sets

	0
	839
	1.25 kHz
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	Type A, Type B
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	Type A, Type B
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Table 5: Preamble formats for 
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 (Table 6.3.3.1-2 in TS 38.211)
	Format
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Proposal 3-2: Discuss the preamble formats and sub-carrier spacing need to be covered.

3. Conclusions
This contribution presented our preliminary views on NR BS demodulation requirements for FR1, and had the following proposals for NR PUSCH demodulation requirements:
Proposal 1-1: For NR PUSCH, discuss whether to use FRC or link adaptation.

Proposal 1-2: Considering MIMO for Rel-15 NR PUSCH performance requirements, 

· At UE side, cover 1/2 Tx antennas, or alternatively, 1/2/4 Tx antennas.

· At BS side, cover 2/4/8 Rx antennas.

· The MIMO transmission layers for different Tx/Rx antenna configurations are to be discussed further.

Proposal 1-3: Cover both codebook based transmission and non-codebook based transmission, and discuss how to select the precoding matrix for codebook based transmission.
Proposal 1-4: Cover PUSCH with and without transform precoding.
Proposal 1-5: Discuss the modulation scheme and target code rate to be used in the test. Cover both LDPC base graph 1 and 2 when selecting the payload size and code rate.
Proposal 1-6: Discuss whether to cover PUSCH with frequency hopping enabled, disabled, or both of them.
Proposal 1-7: Discuss whether to cover the requirements for UCI multiplexed on PUSCH.
Proposal 1-8: Discuss whether to cover all the combinations of channel bandwidth and sub-carrier spacing for NR, and whether to cover full PRB allocation and/or partial PRB allocation for PUSCH.

Proposal 1-9: Discuss whether to cover extended CP for 60 kHz sub-carrier spacing.

Proposal 1-10: Model inter-cell interference as AWGN in Rel-15 NR PUSCH demodulation tests.
We had the following proposals for NR PUCCH demodulation requirements:
Proposal 2-1: Considering MIMO for Rel-15 NR PUCCH performance requirements, 

· At UE side, cover 1/2 Tx antennas, or alternatively, 1/2/4 Tx antennas.

· At BS side, cover 2/4/8 Rx antennas.

Proposal 2-2: Cover all the 5 PUCCH formats.

Proposal 2-3: Discuss whether to cover PUCCH with frequency hopping enabled, disabled, or both of them for PUCCH format 1/3/4.
Proposal 2-4: Discuss whether to cover all the combinations of channel bandwidth and sub-carrier spacing for each of the PUCCH formats, and discuss the PRB number to be used in PUCCH format 2/3 demodulation tests.

Proposal 2-5: Discuss whether to cover extended CP for 60 kHz sub-carrier spacing.

We had the following proposals for NR PRACH demodulation requirements:
Proposal 3-1: Considering MIMO for Rel-15 NR PRACH performance requirements, 

· At UE side, cover 1/2 Tx antennas, or alternatively, 1/2/4 Tx antennas.

· At BS side, cover 2/4/8 Rx antennas.

Proposal 3-2: Discuss the preamble formats and sub-carrier spacing need to be covered.
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