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1. Introduction
[bookmark: _Hlk528680199]In RAN4#97-e meeting, companies got agreements on test scope and scenarios [1]. 
Tentative Agreements
A1 Test scope
A1-1 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
A1-2 Define requirements for the unlicensed CC, and apply to both Scenario A and C;
A1-3 Define tests with fixed DRS window duration set to 1ms.
A1-4 Tests with SMTC duration larger than COT duration should be deprioritized
A1-5 Do not define tests for NR-U Demod PDCCH demodulation requirements
A2 DL transmission model
A2-1 Use Burst Transmission Model for LAA (36.101-4, B.8) as a starting point.
A2-2 Model LBT Failure as part of the Downlink Transmission model
A2-3 Apply the Downlink Transmission model to all DL signals in unlicensed carrier (including SSB and TRS transmission)
A3 LBT parameters
A3-1 Model LBT Failure as part of the Downlink Transmission model
A3-2 Apply the Downlink Transmission model to all DL signals in unlicensed carrier (including SSB and TRS transmission)
A3-3 Do not define tests with sub-band LBT failure (either all sub-bands are transmitted, or no sub-band is transmitted)

There are also many remaining open issues after the last meeting. 
Remaining issues
1 Test scope
1-1 Test scenarios
FFS: Details of the test set-up for scenario A and C
1-2 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;
1-3 FFS whether to define CQI Requirements, discuss the parameters and UE behaviour for CQI reporting tests
2 DL transmission model
2-1 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
FFS for the fixed duration length

2-1-1 Values for random COT (S1)
· Option 1: {2, 6, 10, 16} Slots;
· Option 2: {1,6,10,16} Slots; 
· Option 3: {1,2,3,4} Slots; 
Note: 1 slot is shorter than the agreed 1ms DRS duration window
2-1-2 Length of the last Slot in the burst (S2)
· 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;

2-2 Slot format
· Option 1: For 30kHz, 2ms, DDDS (S=7D:2G:2U) derived from the DL Model;
· Option 2: For 30kHz, 7D -1S-2U;
· Option 3: For 30kHz, {D, DS, DDS, DDDS} derived from the DL Model;
· Other options
2-3 Other parameters
· Option 1
	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
	 
	[TBD]

	
	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 in [2]
2) This Parameter applies only for ChannelAccessType-r16 = ‘semistatic’.



· Other options not precluded
3 LBT parameters
3-1 FFS whether is needed to define a separate LBT model for FBE and LBE
3-2 Probability of LBT failure for scenario C
· Option 1: 0 (always clear channel);
· Option 2:  Same probability as Scenario A;
· Option 3: TBD>0 (probability of occupied channel)
3-3 Probability of LBT failure for scenario A
· Option 1: TBD>0 (probability of occupied channel)

In this contribution, we will continue discussion on these agreements and open issues. 
Note: To simplify the quoting, we will directly take serial number of agreements to represent the statement, for example we use “A1-2” rather than “Define requirements for the unlicensed CC, and apply to both Scenario A and C” in the following sections.

2. Discussion 
[bookmark: _Hlk43884116]Issue 1-1: Test scenarios for DL modulation
The scenario A is LAA deployment with CA between licensed band and unlicensed band, but scenario C is standalone deployment on unlicensed band. The purpose of agreement A1-2 is to use the least effort for requirement definition and test. But we still need to analysis the feasibility of this method.  
In LAA, the requirement for PCell needs to be confirmed if Rel-15 requirement or Rel-16 CA requirement can be directly used or not. If it is not, then A1-2 is not feasible. The consideration might include available bandwidth, channel model, antenna configuration etc. Regarding these issues, the available Rel-16 CA assumptions [5] might be more suitable for LAA PCell. 
Observation 1: Rel-16 NR CA requirements seem more suitable for LAA PCell PDSCH requirement than Rel-15 NR SA requirement.
As for unlicensed carrier no matter in LAA or SA scenario, its DCI/CSI-RS won’t be scheduled by gNB if LBT is failure. But in SA scenario, gNB would tend to schedule UL feedback during one COT, but UL feedback would be blocked by LBT failure. If UE can’t transmit feedback during the COT, then gNB might consider retransmission in next burst and omit any feedback for previous burst. From DL demodulation perspective, only one UE is used in the test, and UL LBT failure should not be considered for DL performance. In that case, HARQ-ACK/UCI transmission during same COT should be always successful. This is not a problem for LAA scenario. A reasonable assumption for SA TDD scenario is gNB always schedule UL slot during one COT occasion to secure all HARQ-ACK could be received. 
Proposal 1: Take 3 pre-conditions for unlicensed carrier DL demodulation.
· The gNB transmit DCI/CSI-RS for unlicensed carrier only when LBT is successful.
· [bookmark: _GoBack]For any cases, UL LBT failure should not be considered for DL demodulation test.
· For any cases, all HARQ-ACK will be received during one burst. 

Based on these assumptions, PDSCH and CSI-RS measurement behaviour in unlicensed carrier should be the same licenced carrier (CSI-RS analysis see Issue 1-3). The only difference is the burst transmission slot pattern. Licensed carrier uses fixed TDD pattern, but unlicensed carrier could use burst transmission and the scheduling would be delayed by LBT failure.
Observation 2: The UE behaviour for PDSCH/CSI-RS demodulation is same for both licensed carrier and unlicensed carrier. The difference is only the TDD pattern, fixed or burst. 
From PDSCH requirement perspective, Rel-16 CA TDD requirement assume same TDD pattern on both PCell and SCell which it is different from LAA scenario. Burst transmission might be more suitable for unlicensed carrier. 
Observation 3: For unlicensed carrier in scenario A and scenario C, PDSCH with burst transmission could be considered if we want to introduce new requirements. 
In summary, only one set of PDSCH requirements is enough for both LAA SCell and SA PCell single carrier with all possible bandwidths. For LAA CA requirement, NR Rel-16 CA requirement could be reused for PCell. 
Proposal 2: It is practical to define only one set of new PDSCH requirement with burst transmission for both scenario A SCell and scenario C PCell. Reuse Rel-16 NR CA requirement for scenario A PCell.  
    
Issue 1-2: Bandwidth to be used for Requirements definition
For NR-U wideband operation, there are two modes. One is CA with 20MHz bandwidth component carriers, the other one is combining multiple RB sets to a carrier with bandwidth >=20MHz. For CA mode, only 20MHz carrier is used. Regarding burst transmission will be considered for UE demodulation (A2-1) which is different from Rel-15 requirement, then new requirements for 20MHz is necessary, otherwise there is no requirement for CA wideband operation mode.
Observation 4: There is up to 20MHz component carrier bandwidth in wideband operation CA mode.
Proposal 3: Define requirements including 20MHz.
Another relevant issue is the requirement definition method. Requirement for CA is necessary for LAA scenario but might not necessary for standalone scenario. In eLAA, requirements for different combinations for CA with 20MHz SCell(s) are defined [3]. The corresponding applicability rule for test is “Largest aggregated CA bandwidth combination”. In Rel-15, no applicability rule for CA demodulation requirement [4]. Rel-16 CA requirements and applicability rules for licensed NR are agreed in RAN4#97-e [5], and the applicability rule for CBW combination is also “Largest aggregated CA bandwidth combination”. If we follow the same rule, then requirements for all possible bandwidth should be defined considering different UE capabilities. 
Observation 5: The current test applicability rules for eLAA PDSCH CA or Rel-16 NR PDSCH CA is “Largest aggregated CA bandwidth combination”.  
There are two ways forward. The first one is following the same applicability rule as eLAA and Rel-16 NR PDSCH CA. In that case, we need to consider all different CBW combination based on UE capabilities. It will increase a lot of effort for simulation and might not fulfil the work plan of RAN4. Another way is only considering several bandwidths’ requirements and adding new applicability rule, but we could not get conclusion until we compare simulation results for different bandwidths combination.    
Observation 6: A huge simulation effort is needed if we follow the same applicability rule for bandwidth as eLAA PDSCH and Rel-16 NR PDSCH CA.
Observation 7: New applicability rule will be needed for different bandwidth if we want to reduce simulation effort.

Issue 2-1-1: Values for random COT for burst transmission model (S1)  
Since we agreed to use fixed 1ms DRS window duration set (A1-3), then 1 slot COT will be shorter than DRS window and UE have high possibility missing SSB and be failed to access. This situation should not be considered from demodulation perspective.
Also consider the CAPC defined in 37.213, 2ms is the lowest common COT duration and 3ms, 8ms an 10ms are also defined. The regional limitation in Japan for maximum duration on unlicensed band is 4ms (see table 4.1.3.2-1 in TR38.889) [6]. Then maximum COT with 2ms or 3ms can be accepted.
Observation 8: DRS window duration is agreed to 1ms and Japan have regional limitation that maximum duration on unlicensed band is 4ms.
Regarding Proposal 1 pre-condition and we agree to define requirement for TDD, there should be at least 1 UL slot by the end of each burst for scenario C. 
If CQI reporting requirement with burst transmission is agreed to be introduced, then TRS scheduling would also be a problem if there are less than 2 DL slots. 
Based on two situations above, then at least 1.5ms COT should be used or at least 2ms COT should be used when CQI report requirement is also agreed to be introduced. 
Frame structure type 3 used in eLAA is same as PUSCH mapping type B in NR. We already have requirement for PUSCH mapping type B, then no necessary to define dynamic COT length.
To simplify the configuration, fixed COT 2ms can be accepted since there won’t be too much difference among 2~3ms COT. 
Proposal 4: Agree with fixed 2ms COT with slot patten as DDSU.

Issue 2-1-2: Length of the last Slot in the burst transmission model (S2)    
Option 1 with {6, 9, 12, 14} symbols set is taken from eLAA definition, but the 14 symbols option seems not feasible for TDD structure NR-U standalone deployment since there will be no UL feedback scheduling. It will violate the general NR scheduling rule when we simulate with DL transmission.
As analysed in Issue 2-1-1, a fixed COT could be accepted and S2 could be configured as 10D2G2U.      
Observation 9: There will be no uplink feedback scheduling for NR-U TDD standalone scenario if the DL symbol length is 12 or 14 in the last slot. 
Proposal 5: Define fixed symbol pattern as 10D2G2U for special slot.  

Issue 2-2: Slot format
For PCell in LAA scenario, TDD pattern 7D1S2U (S=6:4:4) can be accepted. 
For SCell in LAA or PCell/SCell in standalone scenario, a different TDD pattern with LBT from licensed cell could cover the purpose of check the functionality of DL demodulation. As proposed in Issue 2-1, fixed TDD pattern can be accepted. 
Proposal 6: Use fixed TDD pattern DDSU (S=10D2G2U) with LBT failure for DL demodulation test.

Issue 2-3 DL transmission model parameters
To summarize our opinions, the parameters for dl transmission model are listed in table below.
Proposal 7: DL transmission model
	DL Transmission Model 
	Maximum COT Duration 
	ms
	2

	
	Slot pattern (Note 1)
	
	DDSU

	
	Special slot DL burst symbol length
	
	10 symbols

	
	Probability of LBT Failure pLBT
	 
	0.5

	
	Guard Symbols in Special slot
	 
	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

	



Issue 3-1: whether is needed to define a separate LBT model for FBE and LBE
Actually, we already have agreement A1-1 that “Do not define additional test cases dedicated to FBE/LBE devices”. In that case, we don’t need to consider different LBT model for FBE and LBE separately.
Observation 10: It is agreed not to define additional test cases dedicated to FBE/LBE devices in the last meeting.
Proposal 8: Do not define a sperate LBT model for FBE and LBE.

Issue 3-2: Probability of LBT failure for scenario C
Issue 3-3: Probability of LBT failure for scenario A
To model LBT failure is test the performance when the transmission can’t be done. In eLAA, the failure possibility is set to 0.5 which could be reused for NR-U scenario A. Companies argued that lower failure possibility would be expected in scenario C. But it is hard to tell which value is more suitable to estimate the real situation, 0.1, 0.2 or 0.3? On the other hand, scenario A has advantages on PCell compared with scenario C as mentioned in Issue 1-1. To reduce effort and use one set requirements to cover both scenarios, it would be better to using same stringent assumption (0.5 LBT failure possibility) for both scenario A and scenario C.   
Proposal 9: Define probability of LBT failure as 0.5 for both scenario A and scenario C. 

3. Conclusion
Issue 1-1: Test scenarios for DL modulation
Observation 1: Rel-16 NR CA requirements seem more suitable for LAA PCell PDSCH requirement than Rel-15 NR SA requirement.
Proposal 1: Take 3 pre-conditions for unlicensed carrier DL demodulation.
· The gNB transmit DCI/CSI-RS for unlicensed carrier only when LBT is successful.
· For any cases, UL LBT failure should no be considered for DL demodulation test.
· For any cases, all HARQ-ACK will be received during one burst. 
Observation 2: The UE behaviour for PDSCH/CSI-RS demodulation is same for both licensed carrier and unlicensed carrier. The difference is only the TDD pattern, fixed or burst.
Observation 3: For unlicensed carrier in scenario A and scenario C, PDSCH with burst transmission could be considered if we want to introduce new requirements.
Proposal 2: It is practical to define only one set of new PDSCH requirement with burst transmission for both scenario A SCell and scenario C PCell. Reuse Rel-16 NR CA requirement for scenario A PCell.

Issue 1-2: Bandwidth to be used for Requirements definition
Observation 4: There is up to 20MHz component carrier bandwidth in wideband operation CA mode.
Proposal 3: Define requirements including 20MHz.
Observation 5: The current test applicability rules for eLAA PDSCH CA or Rel-16 NR PDSCH CA is “Largest aggregated CA bandwidth combination”.
Observation 6: A huge simulation effort is needed if we follow the same applicability rule for bandwidth as eLAA PDSCH and Rel-16 NR PDSCH CA.
Observation 7: New applicability rule will be needed for different bandwidth if we want to reduce simulation effort.

Issue 2-1-1: Values for random COT for burst transmission model (S1)
Observation 8: DRS window duration is agreed to 1ms and Japan have regional limitation that maximum duration on unlicensed band is 4ms.
Proposal 4: Agree with fixed 2ms COT with slot patten as DDSU.

Issue 2-1-2: Length of the last Slot in the burst transmission model (S2)
Observation 9: There will be no uplink feedback scheduling for NR-U TDD standalone scenario if the DL symbol length is 12 or 14 in the last slot. 
Proposal 5: Define fixed symbol pattern as 10D2G2U for special slot. 

Issue 2-2: Slot format
Proposal 6: Use fixed TDD pattern DDSU (S=10D2G2U) with LBT failure for DL demodulation test.

Issue 2-3 DL transmission model parameters
Proposal 7: DL transmission model
	DL Transmission Model 
	Maximum COT Duration 
	ms
	2

	
	Slot pattern (Note 1)
	
	DDSU

	
	Special slot DL burst symbol length
	
	10 symbols

	
	Probability of LBT Failure pLBT
	 
	0.5

	
	Guard Symbols in Special slot
	 
	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

	



Issue 3-1: whether is needed to define a separate LBT model for FBE and LBE
Observation 10: It is agreed not to define additional test cases dedicated to FBE/LBE devices in the last meeting.
Proposal 8: Do not define a sperate LBT model for FBE and LBE.

Issue 3-2: Probability of LBT failure for scenario C
Issue 3-3: Probability of LBT failure for scenario A
Proposal 9: Define probability of LBT failure as 0.5 for both scenario A and scenario C.
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