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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In this contribution, we provide initial analysis on performance part requirements for UE supporting NR in less than 5 MHz bandwidth. 
Discussion
[bookmark: _Toc5952573]Test configurations 
With the reduced CBW, we may need to revisit the following configuration whether we need new values to be calculated or legacy values can be reused. 
· OCNG
· RMC
· CBW
· Signal levels

Reference measurement Channels:
RMC for PDSCH
In Rel-15, RAN4 specified reference measurement channel for 24 PRBs for PDSCH. Since transmission BW is 12 or 15 PRB, we need to define a new RMC table for 12/15 PRB.
	Parameter
	Unit
	Value

	Reference channel
	
	SRNR5.1.1 FDD
	SRNR5.1.2 FDD
	
	
	
	
	

	Channel bandwidth
	MHz
	Defined in test case
	Defined in test case
	
	
	
	
	

	Number of transmitter antennas
	
	1
	1
	
	
	
	
	

	Allocated resource blocks for PDSCH Note 1
	
	12
	15
	
	
	
	
	

	Allocated slots per Radio Frame
	
	10
	10
	
	
	
	
	

	Radio frame containing SSB
	slots
	Note 5
	Note 5
	
	
	
	
	

	Radio frame not containing SSB
	slots
	10
	10
	
	
	
	
	

	MCS index
	
	4
	4
	
	
	
	
	

	Modulation
	
	QPSK
	QPSK
	
	
	
	
	

	Target Coding Rate
	
	1/3
	1/3
	
	
	
	
	

	Number of control symbols
	
	2
	2
	
	
	
	
	

	PDSCH mapping type
	
	Type A
	Type A
	
	
	
	
	

	Information Bit Payload
	
	
	
	
	
	
	
	

	  For slots with RMSI Note 2
	bits
	TBC
	TBC
	
	
	
	
	

	  For slots without RMSI
	bits
	TBC
	TBC
	
	
	
	
	

	Number of Code Blocks per slot
	
	1
	1
	
	
	
	
	

	Binary Channel Bits Per slot
	
	
	
	
	
	
	
	

	  For slots with RMSI Note 2, Note 4
	bits
	TBC
	TBC
	
	
	
	
	

	  For slots without RMSI Note 6
	bits
	TBC
	TBC
	
	
	
	
	

	Note 1:	Allocated outside the SMTC duration in time and in resource blocks which do not overlap with the resource blocks allocated for SS/PBCH block.
Note 2:	PDSCH is scheduled on the slots with RMSI.
Note 3:	If necessary the information bit payload size can be adjusted to facilitate the test implementation. The payload sizes are defined in TS 38.213 [3].
Note 4:	Derived based on the PDSCH DMRS assumption: dmrs-TypeA-Position=2, dmrs-Type=1, dmrs-AdditonalPositions=2, maxLength=1, Antenna port index: 1000, and Number of PDSCH DMRS CDM group(s) without data: 2.
Note 5:	PDSCH is not scheduled in slots containing SSB according to the SSB configuration used in the test. SSB configurations are defined in clause A.3.10.
Note 6: 	When DRX is configured, PDCCH can be scheduled both for downlink assignment and/or UL grant only during ([10]ms  -  drx-InactivityTimer) from timing when drx-onDurationTimer starts, unless otherwise specified in the test case



RMC for CORESET for RMSI:
Similar to PDSCH, even for CORESET 0, allocated RB are 24 in NR. We need to define a new RMC table for CORESET for RMSI.
	Parameter
	Unit
	Value

	Reference channel
	
	CRNR5.1.1 FDD
	CRNR5.1.1 FDD
	
	
	
	
	

	Channel bandwidth
	MHz
	Defined in test case
	Defined in test case
	
	
	
	
	

	Subcarrier spacing for RMSI CORESET
	kHz
	15
	15
	
	
	
	
	

	Allocated resource blocks for RMSI CORESET Note 7
	
	12
	15
	
	
	
	
	

	Subcarrier spacing for SSB
	kHz
	15
	15
	
	
	
	
	

	SSB and RMSI CORESET multiplexing configuration Note 7
	
	Pattern 1
	Pattern 1
	
	
	
	
	

	Offset between SSB and RMSI CORESET Note 3, 7
	RB
	0 (Note8)
	0 (Note8)
	
	
	
	
	

	Configuration of PDCCH monitoring occasions for RMSI CORESET Note 4
	
	Index 4
	Index 4
	
	
	
	
	

	Number of transmitter antennas
	
	1
	1
	
	
	
	
	

	Duration of RMSI CORESET Note 7
	symbols
	2
	2
	
	
	
	
	

	DCI Format Note 1
	
	Note 2
	Note 2
	
	
	
	
	

	Aggregation level
	CCE
	4
	8
	
	
	
	
	

	DMRS precoder granularity
	
	6
	6
	
	
	
	
	

	REG bundle size
	
	6
	6
	
	
	
	
	

	Mapping from REG to CCE
	
	Distributed
	Distributed
	
	
	
	
	

	Cell ID
	
	Note 5
	Note 5
	
	
	
	
	

	Payload (without CRC)
	bits
	Note 6
	Note 6
	
	
	
	
	

	Note 1:	DCI formats are defined in TS 38.212.
Note 2:	DCI format shall depend upon the test configuration.
Note 3:	The offset is defined with respect to the subcarrier spacing of the CORESET from the smallest RB index of RMSI CORESET to the smallest RB index of the common RB overlapping with the first RB of the SS/PBCH block.
Note 4:	The configuration of PDCCH monitoring occasions for RMSI CORESET is defined in Table 13-11 in TS 38.213 [3].
Note 5:	Cell ID shall depend upon the test configuration.
Note 6:	Payload size shall depend upon the test configuration.
Note 7: 	The configuration of set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space corresponds to index 0 in Table 13-1 in TS 38.213 [3] 
Note 8:	Other values can be used to align with GSCN [13] as long as SSB does not overlap the RMC.


	
CORESET for RMC scheduling:
Similar to PDSCH, even for CORESET for control, allocated RB are 24 in NR. We may need to define a new RMC table for CORESET for control. If we need to define new table, we can take following table as baseline. Alternatively, if dedicated coreset can refer to coreset ID 0, then current config can work without additional table or new config.

	Parameter
	Unit
	Value

	Reference channel
	
	CCRNR5.1.1 FDD
	CCR.1.2 FDD
	
	
	
	
	

	Channel bandwidth
	MHz
	Defined in test case
	Defined in test case
	
	
	
	
	

	Subcarrier spacing
	kHz
	15
	15
	
	
	
	
	

	Allocated resource blocks for CORESET Note 3
	
	15
	12
	
	
	
	
	

	Number of transmitter antennas
	
	1
	1
	
	
	
	
	

	Duration of CORESET
	symbols
	3
	2
	
	
	
	
	

	REG bundle size
	
	6
	6
	
	
	
	
	

	DMRS precoder granularity
	
	Same as REG bundle size
	Same as REG bundle size
	
	
	
	
	

	CCE to REG mapping
	
	Interleaved
	Interleaved
	
	
	
	
	

	Interleave n_shift
	
	0
	0
	
	
	
	
	

	Interleave size
	
	2
	2
	
	
	
	
	

	Beamforming Pre-Coder
	
	N/A
	N/A
	
	
	
	
	

	Aggregation level
	CCE
	8
	4
	
	
	
	
	

	DCI formats
	
	Note 1
	Note 1
	
	
	
	
	

	Payload size (without CRC)
	bits
	Note 2
	Note 2
	
	
	
	
	

	Note 1:	DCI format shall depend upon the test configuration.
Note 2:	Payload size shall depend upon the test configuration
Note 3:	Allocated in the resource blocks where the associated RMC is scheduled.



Proposal 1:  RAN4 to decide on whether to use existing configuration with some clarification as a note or define new RMC table for PDSCH, RMSI, and UE specific PDCCH. If decided to use new tables, consider tables listed in this paper as baseline.
OCNG:
Though OCNG table can be reused, we need few clarifications like highlighted in yellow in the below table.
	OCNG Parameters
	Control Region
	Data Region

	Resource allocation
	Unused REs (Note 1)
	Unused REs (Note 2)

	Channel
	PDCCH
	PDSCH

	Contents
	Virtual UE IDs
	Uncorrelated pseudo random QPSK modulated data

	Antenna transmission scheme
	Same as used in PDCCH RMC of less than 5 MHz
	Same as used in PDSCH RMC of less than 5 MHz

	Subcarrier spacing
	Same as used in PDCCH RMC of less than 5 MHz
	Same as used in PDSCH RMC of less than 5 MHz

	Aggregation level
	Same as used in PDCCH RMC of less than 5 MHz
	N/A

	Code rate
	Same as used in PDCCH RMC of less than 5 MHz
	Same as used in PDSCH RMC of less than 5 MHz

	Transmit Power
	Same as used in PDCCH RMC of less than 5 MHz
	Same as used in PDSCH RMC of less than 5 MHz

	CP length
	Same as used in PDCCH RMC of less than 5 MHz
	Same as used in PDSCH RMC of less than 5 MHz

	Note 1:	REs not used in the active CORESETs where PDCCH is scheduled for the UE under test.
Note 2:	REs not allocated to any physical channels, CORESET, SSB or any other reference signal within the channel bandwidth of the cell, confined to BWoccupied where specified in the test case.



Proposal 2:  RAN4 to define new OCNG table which is similar as legacy table. The table discussed above can be taken as baseline.

Methods for introducing tests
We think RAN4 can look at optimised way of capturing the tests for NR less than 5 MHz. Since NR less than 5 MHz have limited configurations, we think one configuration from the legacy tests can be referred in the test instead of copying entire parameters table. The parameters which are different for NR less than 5 MHz only to be listed in the test parameters for the test. Further, test procedure is also expected to be same as legacy tests other than the config and the requirements to be met. Ran4 can look at whether a legacy test can be referred instead of repeating all the test procedure and requirements. 
Proposal 3:  RAN4 to consider at referring legacy test as a reference instead of capturing the same test procedure again. 
Summary and conclusions
Proposal 1:  RAN4 to decide on whether to use existing configuration with some clarification as a note or define new RMC table for PDSCH, RMSI, and UE specific PDCCH. If decided to use new tables, consider tables listed in this paper as baseline. 
Proposal 2:  RAN4 to define new OCNG table which is similar as legacy table. The table discussed above can be taken as baseline.
Proposal 3:  RAN4 to consider at refereeing legacy test as a reference instead of capturing the same test procedure again. 
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Annexe
In previous meeting, following PDCCH parameters are agreed for RLM or BFD OOS and IS.
Table 8.1.2.1-3: PDCCH transmission parameters for out-of-sync evaluation for [less than 5MHz UE]
	Attribute
	Value for BLER Configuration #0

	
	3MHz (12 PRBs)
	3MHz (15 PRBs)
	5MHz (20 PRBs)

	DCI format
	1-0

	Number of control OFDM symbols
	[2]
	[3]
	[3]

	Aggregation level (CCE)
	[4]
	[8]
	[8]

	Ratio of hypothetical PDCCH RE energy to average SSS RE energy
	4dB

	Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
	4dB

	Bandwidth (PRBs)
	12
	15
	20

	Sub-carrier spacing (kHz)
	SCS of the active DL BWP

	DMRS precoder granularity
	REG bundle size

	REG bundle size
	6

	CP length
	Normal

	Mapping from REG to CCE
	Distributed
	Non-Distributed and Distributed
	Distributed




Table 8.1.2.1-4: PDCCH transmission parameters for in-sync evaluation for [less than 5MHz UE]

	Attribute
	Value for BLER Configuration #0

	
	3MHz (12 PRBs)
	3MHz (15 PRBs)
	5MHz (20 PRBs)

	DCI format
	1-0

	Number of control OFDM symbols
	[2]
	[3]
	[3]

	Aggregation level (CCE)
	[2]
	[4]
	[4]

	Ratio of hypothetical PDCCH RE energy to average SSS RE energy
	0dB

	Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
	0dB

	Bandwidth (PRBs)
	12
	15
	20

	Sub-carrier spacing (kHz)
	SCS of the active DL BWP

	DMRS precoder granularity
	REG bundle size

	REG bundle size
	6

	CP length
	Normal

	Mapping from REG to CCE
	Distributed
	Non-Distributed and Distributed
	Distributed



We have performed following set of simulations based on the above assumptions and the simulation parameters agreed during the core part of the discussion. 
Out of sync simulations:
· 12 PRB interleaved with TDL-C and above OOS parameters
· 15 PRB interleaved with TDL-C and above OOS parameters
· 15 PRB non-interleaved with TDL-C and above OOS parameters
· 20 PRB interleaved with TDL-C and above OOS parameters
· 12 PRB interleaved with HST and above OOS parameters

In sync simulations:
· 12 PRB interleaved with TDL-C and above IS parameters
· 15 PRB interleaved with TDL-C and above IS parameters
· 15 PRB non-interleaved with TDL-C and above IS parameters
· 20 PRB interleaved with TDL-C and above IS parameters
· 12 PRB interleaved with HST and above IS parameters

We present results in the following table for relevant simulation assumption.
Simulation Assumption: 
PDCCH BW: 12 PRBs, Number of CORESET symbols: 2; Carrier freq.: 900 MHz; CORESET bandwidth 12 PRBs and non-punctured and inter-leaved. Antenna config: 2*2, low.
Simulation Result:
	Scenario
	AL
	Channel
	OOS (with -4 dB adjustment to 10% BLER)
	SNR dB for 2% BLER In-Sync
	Difference between 
IS-OOS

	OOS
	8
	TDL-C 300ns 100 Hz
	-6.94
	
	10.04

	IS
	4
	TDL-C 300ns
100 Hz
	
	3.1
	



Simulation Assumption: 
PDCCH BW: 15 PRBs, Number of CORESET symbols: 3; Carrier freq.: 900 MHz; the CORESET is generated from 24-PRB CORESET 0 of which top 9 PRBs are punctured and inter-leaved, Antenna config: 2*2, low
Simulation Result:
	Scenario
	AL
	Channel
	OOS (with -4 dB adjustment to 10% BLER)
	SNR dB for 2% BLER In-Sync
	Difference between 
IS-OOS

	OOS
	8
	TDL-C 300ns 100 Hz
	-8.66
	
	7.8

	IS
	4
	TDL-C 300ns
100 Hz
	 
	-0.855
	



Simulation Assumption: 
PDCCH BW: 15 PRBs, Number of CORESET symbols: 3; Carrier freq.: 900 MHz; the CORESET is generated from 24-PRB CORESET 0 of which top 9 PRBs are punctured and non-inter-leaved, Antenna config: 2*2, low
Simulation Result:
	Scenario
	AL
	Channel
	OOS (with -4 dB adjustment to 10% BLER)
	SNR dB for 2% BLER In-Sync
	Difference between 
IS-OOS

	OOS
	8
	TDL-C 300ns 100 Hz
	-7,23
	
	2,86715

	IS
	4
	TDL-C 300ns
100 Hz
	 
	-4,36285
	



Simulation Assumption: 
PDCCH BW: 20 PRBs, Number of CORESET symbols: 3; Carrier freq.: 900 MHz; the CORESET is generated from 24-PRB CORESET 0 of which top 4 PRBs are punctured and inter-leaved, Antenna config: 2*2, low
Simulation Result:
	Scenario
	AL
	Channel
	OOS (with -4 dB adjustment to 10% BLER)
	SNR dB for 2% BLER In-Sync
	Difference between 
IS-OOS

	OOS
	8
	TDL-C 300ns 100 Hz
	-8,04762
	
	3,27125

	IS
	4
	TDL-C 300ns
100 Hz
	 
	-4,77637
	



 
	Parameter
	Unit
	Value

	Reference channel
	
	CR.1.1 FDD
	NEW
	
	
	
	
	

	Channel bandwidth
	MHz
	Defined in test case
	
	
	
	
	
	

	Subcarrier spacing for RMSI CORESET
	kHz
	15
	
	
	
	
	
	

	Allocated resource blocks for RMSI CORESET Note 7
	
	24
	12 is possible
	
	
	
	
	

	Subcarrier spacing for SSB
	kHz
	15
	
	
	
	
	
	

	SSB and RMSI CORESET multiplexing configuration Note 7
	
	Pattern 1
	Pattern 1
	
	
	
	
	

	Offset between SSB and RMSI CORESET Note 3, 7
	RB
	0 (Note8)
	
	
	
	
	
	

	Configuration of PDCCH monitoring occasions for RMSI CORESET Note 4
	
	Index 4
	
	
	
	
	
	

	Number of transmitter antennas
	
	1
	
	
	
	
	
	

	Duration of RMSI CORESET Note 7
	symbols
	2
	
	
	
	
	
	

	DCI Format Note 1
	
	Note 2
	
	
	
	
	
	

	Aggregation level
	CCE
	8
	
	
	
	
	
	

	DMRS precoder granularity
	
	6
	
	
	
	
	
	

	REG bundle size
	
	6
	
	
	
	
	
	

	Mapping from REG to CCE
	
	Distributed
	Non-distributed or contiguous
	
	
	
	
	

	Cell ID
	
	Note 5
	
	
	
	
	
	

	Payload (without CRC)
	bits
	Note 6
	
	
	
	
	
	

	Note 1:	DCI formats are defined in TS 38.212.
Note 2:	DCI format shall depend upon the test configuration.
Note 3:	The offset is defined with respect to the subcarrier spacing of the CORESET from the smallest RB index of RMSI CORESET to the smallest RB index of the common RB overlapping with the first RB of the SS/PBCH block.
Note 4:	The configuration of PDCCH monitoring occasions for RMSI CORESET is defined in Table 13-11 in TS 38.213 [3].
Note 5:	Cell ID shall depend upon the test configuration.
Note 6:	Payload size shall depend upon the test configuration.
Note 7: 	The configuration of set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space corresponds to index 0 in Table 13-1 in TS 38.213 [3] 
Note 8:	Other values can be used to align with GSCN [13] as long as SSB does not overlap the RMC.
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