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1. Introduction 
In RAN4#97e UE demodulation requirements for NR-U was discussed and way forward [1] was agreed. In this contribution we present our views on test scope and simulation assumptions for UE demodulation requirements for NR-U.  
2. Discussion
Test Scope
In RAN4#97e the following agreements were made for UE demodulation test scope for NR-U:
	Semi-static Channel Access Devices v/s Dynamic Channel Access Devices 
· Prioritize test cases agnostic to semi-static and dynamic channel access devices if it is feasible. 
· Do not define additional test cases dedicated to FBE/LBE devices.
Test Scenarios
Define requirements for the unlicensed CC, and apply to both Scenario A and C;

· Define tests with fixed DRS window duration set to 1ms.
· Tests with SMTC duration larger than COT duration should be deprioritized.
· Do not define tests for NR-U Demod PDCCH demodulation requirements;





The following open issues need to be addressed for test scope of NR-U demodulation requirements.
Channel Bandwidth 
In RAN4#97e the following option were discussed for bandwidth to be used for requirements definition
· Option 1: 20 and 80 MHz;
· Option 2: 20, 40, 60 and 80 MHz with applicability rule to test the largest supported BW;
· Option 3: 40MHz (as in rel-15 TDD Demod);
· Option 4: 20 and 40MHz;
· Option 4b: With applicability rule to test the largest supported BW of the two;
· Option 5: Define requirements including 20 MHz ;

NR-U demodulation requirements shall be defined for TDD mode. In Rel-15 demodulation requirements are defined for 40MHz BW in TDD. The LBT BW is agreed as 20MHz. There is no strong motivation for introducing new BWs other than those defined in Rel-15 and hence propose to define requirements with 40MHz channel BW.
Proposal #1: Introduce demodulation requirements with 40MHz channel bandwidth.

Downlink Transmission Model
In RAN4#97e the following agreements were made for the burst transmission model.
· Use Burst Transmission Model for LAA (36.101-4, B.8) as a starting point. 
· Define tests with fixed DL Transmission duration
· With Fixed DL transmission duration in each of the DL transmission duration, the actual number of transmitted slots is random with below candidate options

Fixed DL Transmission Duration  
In RAN4#97e it was agreed to use a fixed DL transmission duration, but the value was undecided. Since the testcases are agnostic to semi-static and dynamic channel access devices, the fixed frame duration should be aligned to the Fixed Frame period values allowed for FBE devices. The allowed values for FFP are {1, 2, 2.5, 4 5 10} ms. For defining demodulation requirements, 1ms would be very short and 10ms would be long to justify for a LBE device. Hence, we propose to use a fixed transmission duration of 4ms, which gives us up to 8 slots of transmission.
Proposal #2: Define fixed DL transmission duration of 4ms.

Random COT Duration
The options for random COT duration (S1) discussed in [1] are:
· Option 1: {2, 6, 10, 16} Slots;
· Option 2: {1,6,10,16} Slots; 
· Option 3: {1,2,3,4} Slots; 
The values of random COT should be within the fixed transmission of 8 slots proposed above. Also, 1 slot COT should not be allowed as it is smaller than the already agreed DRS window duration of 1ms. The random COT duration could be selected from {2, 3, 5, 8} slots.
Proposal #3: Define set of random COT (S1) as {2, 3, 5, 8} slots.

Symbol Duration in last slot
The number of symbols in the last Slot in the burst (S2) was discussed with the following options:
· Option 1: Random length, {6, 9, 12, 14} Symbols with the first 2 symbols allocated for PDCCH transmission;
· Option 2: Fixed length according to proposed model;
With random length up to 14 symbols, we might end up with transmission in the entire DL transmission period when the COT duration is equal to the DL transmission period, which violates the minimum Idle period required in FBE transmission. The fixed length of last slot, we would ensure that the minimum idle period is always ensured. For FFP of 4ms, the minimum idle period is 200us, which translates to 6 symbols with 30KHz SCS. Hence, we propose to fix the number of symbols in the last slot to 7 symbols, with first 2 symbols allocated for PDCCH transmissions. 
Proposal #4: Define fixed duration for last slot of transmission of 7 symbols.

 LBT Parameters
In RAN4#97e the following agreements were made for LBT parameters:
· Model LBT Failure as part of the Downlink Transmission model;
· Apply the Downlink Transmission model to all DL signals in unlicensed carrier (including SSB and TRS transmission);
· Do not define tests with sub-band LBT failure (either all sub-bands are transmitted, or no sub-band is transmitted).
It was also discussed if a separate LBT model should be defined for LBE and FBE devices. We don’t see the necessity to define different LBT model for LBE and FBE devices and we can use the same transmission model for both.
Proposal #5: Do not define separate LBT model for LBE and FBE devices.
Another open issue is the probability of LBT failure and the values for scenario A and scenario C. Firstly, we should use the same DL transmission model for Scenario A and Scenario C and LBT failures should be modeled for both scenarios. The probability of LBT failure or occupied channel can be set as 0.25. 
Proposal #6: Define same probability of LBT failure for Scenario A and Scenario C.
Proposal #7: Define probability of LBT failure as 0.25.
Simulation Parameters for PDSCH Requirements
The following agreements were made for simulation assumptions for PDSCH requirements:

· Use 20 MHz LBT BW (for channel sensing and clear channel assessment).
· Do not multiplex SSB and Data.
· Define tests for TDD 30kHz only.
· Define tests with low delay spread and low doppler speed propagation channel.
· Q factor for SSB: = 8;
For PDSCH demodulation requirements in NR-U, the Rel-15 NR PDSCH demod requirements can be used as a rating point for Scenario C. For Scenario A, the same test cases as Scenario C can be defined for SCell, along with requirements for a configured PCell. 
Proposal #8: Use Rel-15 NR PDSCH requirements as a starting point for Scenario C and Rel-16 Normal CA requirements as a starting point for Scenario A requirements
Proposal #9: Define the same requirements for NR-U carrier for Scenario A and Scenario C.
PDSCH Type
For NR-U demodulation requirements, we will verify PDSCH demodulation with full and partial slot allocation. PDSCH Type A is sufficient to verify these. Also, PDSCH Type B is subject to additional UE capability signaling.  Hence, we propose to define requirements with PDSCH Type A only.
Proposal #10: Define requirements with PDSCH Type A only.
PDCCH with DCI Format 2-0
In RAN4#97e it was agreed that the LBT failure applies to all signals scheduled in the fixed transmission period. Also, it is common understanding especially for LBE devices that PDCCH with DCI Format 2-0 with CO-DurationPerCell-r16 will be configured in order for UE to perform CSI validation and be indicated of the COT duration. Without the (GC-PDCCH) PDCCH with CO-DurationPerCell-r16 configured, the UE would neither be aware of the COT duration in the transmission nor be able to perform CSI validation for transmitted TRS. PDSCH reception in a slot is based on detecting a grant on transmitted PDCCH with Format 1-0 or 1-1, but without PDCCH with format 2-0, there would be no way for UE to know whether the channel was acquired successfully for transmission in the next few slots. This might adversely affect tracking loops as TRS or SSB are also subject to LBT failure. Also, without PDCCH with CO-DurationPerCell-r16 configured, the COT duration is unknown to the UE. Hence, we propose that PDCCH with Format 2-0 is transmitted and monitored at the beginning of the fixed frame duration 
Proposal #11: Configure PDCCH monitoring on Format 2-0 with CO-DurationPerCell-r16 at the beginning of the fixed frame duration.

Based on the discussion above, test parameters are proposed in the table below. 

Table 1: Test parameters
	Parameter
	Value

	Duplex mode
	TDD

	Active DL BWP index
	1

	PDCCH configuration (Note 1)
	Symbols with PDCCH
	0, 1

	
	DCI format
	2_0

	PDSCH configuration
	Mapping type
	Type A

	
	k0
	0

	
	Starting symbol (S) 
	2

	
	Length (L)
	12 (Note 2)

	
	PDSCH aggregation factor
	1

	
	PRB bundling type
	Static

	
	PRB bundling size
	2

	
	Resource allocation type
	Type 0

	
	RBG size
	Config2

	
	VRB-to-PRB mapping type
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	N/A

	PDSCH DMRS configuration
	DMRS Type
	Type 1

	
	Number of additional DMRS
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	1

	Burst Transmission configuration
	Number of slots of transmission set (S1)
	{2, 3, 5, 8}

	
	Number of symbols in last slot (S2)
	7

	
	PLBT (Note 3)
	0.25

	Note 1: In addition to PDCCH for PDSCH scheduling



The following test cases could be used as a baseline for defining PDSCH demodulation requirements in NR-U.
Rank1:

	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	TDD UL-DL pattern
	Propagation condition
	Correlation matrix and antenna configuration

	
	
	
	
	
	

	R.PDSCH.2-5.1 TDD
	40 / 30
	QPSK, 0.30
	FR1.30-2
	TDLA30-10
	2x2, ULA Low



Rank 2:
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	TDD UL-DL pattern
	Propagation condition
	Correlation matrix and antenna configuration

	
	
	
	
	
	

	R.PDSCH.2-3.1 TDD
	40 / 30
	16QAM, 0.48
	FR1.30-1
	TDLA30-10
	2x2, ULA Low



3. Conclusion
In this paper, we provide our views on the demodulation requirements for PDSCH in NR-U. Our proposals are summarized below:
Test Scope
Proposal #1: Introduce demodulation requirements with 40MHz channel bandwidth.
Downlink Transmission Model
Proposal #2: Define fixed DL transmission duration of 4ms.
Proposal #3: Define set of random COT (S1) as {2, 3, 5, 8} slots.
Proposal #4: Define fixed duration for last slot of transmission of 7 symbols.
LBT Parameters
Proposal #5: Do not define separate LBT model for LBE and FBE devices.
Proposal #6: Define same probability of LBT failure for Scenario A and Scenario C.
Proposal #7: Define probability of LBT failure as 0.25.
Simulation Parameters for PDSCH Requirements
Proposal #8: Use Rel-15 NR PDSCH requirements as a starting point for Scenario C and Rel-16 Normal CA requirements as a starting point for Scenario A requirements
Proposal #9: Define the same requirements for NR-U carrier for Scenario A and Scenario C.
Proposal #10: Define requirements with PDSCH Type A only.
Proposal #11: Configure PDCCH monitoring on Format 2-0 with CO-DurationPerCell-r16 at the beginning of the fixed frame duration.
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