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Introduction
During the previous RAN4 meeting, various agreements [3] have been reached regarding how to model the DL PDSCH allocation in the Demod Performance tests. 
At the same time, during the email discussions some of the proposals under discussion seemed not very clear to understand within the approved framework of the LAA Burst Transmission model, which was agreed to be used as a base. For this reason, this paper will describe in detail what is our company proposal for the NR-U DL Transmission Model to be used for Demod Performance Testing.
The model is designed assuming the case of 30kHz SCS for both SSB and Data, and it is proposed for usage in the Demod Performance Test proposed by our company in [5].
DL Transmission Model for NR Unlicensed
Considerations
First, we would like to consider that NR Unlicensed covers only bands specified for TDD. For this duplex mode, the vast majority of PDSCH Demodulation tests in NR licensed [4] have been defined only for SCS 30kHz. We will keep the same approach and describe the model and slot format assuming this numerology.
Observation 1: NR Unlicensed tests only need to cover Duplex mode TDD.
Observation 2: Most of the TDD PDSCH Demod tests in NR licensed used SCS 30kHz only.
[bookmark: _Hlk54102548]Proposal 1: Specify the DL Transmission Model for NR Unlicensed for SCS30kHz only. 
If needed, however, the slot format model can be scaled for lower and higher numerology as needed by repeating the pattern, for the same COT duration, or increasing the COT duration and maintaining the same pattern.
Model Description
The DL Transmission model can be defined similarly to what done in [2], Annex B.8. Here below are the proposed steps, modified for NR Unlicensed.
1) Compute the length of the DL transmission in number of Slots summing the duration of the ‘Maximum COT’ and the ‘Minimum Idle Period’ for the given test case, as specified in the Test Parameters. This Length will include both occupied and non-occupied OFDM Symbols.
· The Idle Period is placed at the end of the COT, and it is required between consecutive COTs when the test is run using the RRC parameter ChannelAccessType-r16 = ‘semistatic’. 
· To keep the test consistent, the Idle Period is also placed at the end of the COT and can be considered as unoccupied OFDM Symbols when the test is run with the RRC parameter ChannelAccessType-r16 = ‘dynamic’.
2) Compute the duration in symbols for:
· COT duration, as the largest number of Symbols that does not exceed the ‘Maximum COT’ duration in time, as specified in the Test Parameters;
· Idle Period duration, as the smallest number of Symbols that is not less than the ‘Minimum Idle Period’ duration in time, as specified in the Test Parameters;
3) Depending on the test parameters, the single DL Transmission will consist in one or more slots included in the COT, and at maximum one slot partially included in the COT followed by unoccupied symbols. 
· If the transition between COT and Idle period coincides with a slot boundary, the last slot included in the COT can be considered as the ‘partially included’ for the purposes of the following steps.
4) All slots completely included in the COT are fully allocated to DL, with symbols [0-1] allocated to PDCCH, and symbols [2-13] allocated to PDSCH;
5) The slot partially included in the COT will start with the same allocation defined per the previous point, but symbols allocated to PDSCH will be removed as necessary in order to reserve a number of symbols for Guard and UL, as specified for the given test case by the Test parameters.
· Guard Symbols are located at the transition between DL and UL and are filled with OCNG to avoid gaps.
· Both guard symbols and UL symbols must be placed strictly after the DL allocation and before the Idle Period.
6) The DL Transmission Slot pattern created following instructions at points [1-4] will be repeated throughout the entire duration of the test. 
· Except for slots in which the SSB Index set in the Test Parameters is scheduled to be transmitted. In this case, there is no PDCCH/PDSCH allocation for the entire slot and all symbols not occupied by SSB or CSI-RS are filled with OCNG to avoid gaps.
7) To simulate random LBT failure, for each repetition of the base DL Transmission occasion A uniform random variable from [0, 1] is generated. 
· If the random variable is less than pLBT as specified for the given test case by the Test Parameters, LBT is failed and the channel is assumed occupied. The entire duration of the current DL Transmission is muted;
· If the random variable is larger than pLBT as specified for the given test case by the Test Parameters, LBT is successful and the channel is assumed clear. The DL Transmission is transmitted over the channel;
Proposal 2: Define the DL Transmission Model for NR Unlicensed as specified in this paper in Section 2.2, Steps 1)-7). The model is summarized here for clarity:
· Compute COT and Unoccupied duration as specified by Test Parameters, then repeat it periodically for the entire test;
· Fully allocate PDCCH and PDSCH in COT, except for Guard and UL Symbols at the end of COT as specified by Test Parameters;
· Use a threshold pLBT to control randomized LBT failures;

Slot Format Example and Description
The procedure described in the points above has been used to derive the Slot Format represented below, using the values proposed in Table 2.2‑4: DL Transmission Model Parameters (aligned with the proposal in our contribution for PDSCH Demod Performance Tests [5]).
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	DL Transmission Model (Note 1)
	Maximum COT Duration 
	ms
	1.9

	
	Minimum Idle Time after COT 
	ms
	0.1

	
	Fixed Frame Period (Note 2)

	ms
	2

	
	Probability of LBT Failure pLBT
	
	[0]

	
	Guard Symbols
	
	2 Symbols

	
	UL Symbols
	
	2 Symbols

	
	Number of slots between PDSCH and corresponding HARQ-ACK information 
	
	3 if mod(i,4) = 0
2 if mod(i,4) = 1
5 if mod(i,4) = 2
4 if mod(i,4) = 3

	Notes:
1) According to the definition proposed here
2) This Parameter applies only for ChannelAccessType-r16 = ‘semistatic’.



With these values, the Slot Format is as follows for one DL Transmission, repeating periodically. Legend is included in the picture.
In Slot #N, shown as marked in the picture, PDSCH might not be allocated but replaced by SSB and Symbols filled with OCNG Pattern, according to point 7) in DL Transmission Model definition

[image: ]
[bookmark: _Ref54103398]Figure 2.3‑1: Slot Pattern created for SCS 30kHz using the DL Transmission Model defined above.

Proposal 3: Use the base Slot Pattern shown in Figure 2.3‑1, created according to the Model presented in this paper, for NR Unlicensed Demod Performance Tests for 30kHz SCS. 
Considerations on LBT 
Preliminary observations 
During the previous RAN4 meeting (#96-e), companies had split views [6] on whether LBT failure should be modeled in the test. 
The DL Burst Transmission Model used in LAA, which has been agreed as a base for the NR-U DL Transmission model, included LBT modeling. It modeled LBT failure using a random probability set by a Test Parameter, and we chose to keep the same approach with the model presented in this paper. 
Observation 3: The LBT model proposed in this paper is analogous to the LBT model used in LAA Performance tests.
Using the appropriate Test Parameter pLBT, we can tune the NR model proposed above to effectively exclude the possibility of LBT failure.
Observation 4: The LBT model proposed in this paper is set according to Test Parameter pLBT. When pLBT = 0, then LBT is considered always successful;
Another point to be addressed on the issue of modeling LBT, is that this came to be split in two separate issues during the email discussion, one LBT for SSB ([6], Issue 2-2-3) and LBT for Data ([6], Issue 2-2-5). 
In our view the two issues cannot be separated, since from the point of view of LBT there is no difference whether the current slot that needs to be transmitted is SSB or Data. 
Also, having separate and independent LBTs can create inconsistencies such as, e.g., the case in which LBT for SSB is successful and LBT for data is not: according to such a model, the NB would stop after transmitting SSB even though it’s in control of the channel.
Proposal 4: Specify a single LBT model that covers Data and SSB.

Proposed Compromise on LBT Approach 
As specified in the agreements reached in [3], tests will be defined for the following Scenarios:
· Scenario A (Carrier aggregation between licensed band NR (PCell) and NR-U (SCell))
· Scenario C (Stand-alone NR-U (PCell))
To reach an agreement on LBT, the compromise we are proposing is to keep the LBT modeling included in the DL Transmission model for NR-U but specify different conditions for the two scenarios, as listed in the proposal below: 
· No LBT (always clear channel) for Standalone NR-U;
· Random LBT outcome with pLBT > 0; This value can be agreed as part of the simulation assumptions.
Proposal 5: Model LBT as described by the model presented in this paper, section 2.3. Use pLBT = 0 (always clear channel) for Scenario C Tests and pLBT = [TBD>0] (some probability of occupied channel) for Scenario A Tests.

Conclusions
Observation 1: NR Unlicensed tests only need to cover Duplex mode TDD.
Observation 2: Most of the TDD PDSCH Demod tests in NR licensed used SCS 30kHz only.
Observation 3: The LBT model proposed in this paper is analogous to the LBT model used in LAA Performance tests.
Observation 4: The LBT model proposed in this paper is set according to Test Parameter pLBT. When pLBT = 0, then LBT is considered always successful;

Proposal 1: Specify the DL Transmission Model for NR Unlicensed for SCS30kHz only. 
Proposal 2: Define the DL Transmission Model for NR Unlicensed as specified in this paper in Section 2.2, Steps 1)-7). The model is summarized here for clarity:
· Compute COT and Unoccupied duration as specified by Test Parameters, then repeat it periodically for the entire test;
· Fully allocate PDCCH and PDSCH in COT, except for Guard and UL Symbols at the end of COT as specified by Test Parameters;
· Use a threshold pLBT to control randomized LBT failures;	
Proposal 3: Use the base Slot Pattern shown in Figure 2.3‑1, created according to the Model presented in this paper, for NR Unlicensed Demod Performance Tests for 30kHz SCS. 
Proposal 4: Specify a single LBT model that covers Data and SSB.
Proposal 5: Model LBT as described by the model presented in this paper, section 2.3. Use pLBT = 0 (always clear channel) for Scenario C Tests and pLBT = [TBD>0] (some probability of occupied channel) for Scenario A Tests.
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