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1. Introduction
[bookmark: _Hlk528680199]In RAN4#98-e meeting, companies got agreements on test scope and scenarios [1]. In this contribution, we will continue discussion on these agreements and open issues. 

2. Discussion 
[bookmark: _Hlk43884116]2.1	Test scope
Issue 1-1: Requirement definition according to UE capability of supporting CSI-validation features
In last meeting, the capability of UE support CSI-validation is noted which is critical for UE to measure CSI-RS and TRS correctly. Considering the capability is optional, how to setup test for two types of UE are discussed. 
For UE with this capability, it seems straightforward to use burst transmission model with LBT failure at a certain probability. UE can take valid CSI-RS or TRS according to higher parameters.
The main problem is how to handle those UEs without the capability of CSI-validation reception. Several possible solutions are discussed. 
Option 1 is no applicable test cases for this type of UE. Regarding real NR-U network, resource scheduling and channel competition is common for both types of UE. It is strange that we treat UE differently. For those UEs without capability to receive CSI-validation, the bad performance is natural since they are not designed for such “optional” scenario. We should not either “force” them to get good performance or design a special test to let them pass requirement. Necessary capability is needed for such scenario. No applicable test cases for such UEs would be a reasonable way.
Option 2 is using same LBT modelling as UE with the capability but set LBT to 0. This is not a reasonable setup for NR-U scenario since LBT failure always happen especially in LAA. Furthermore, the whole test setup would be no difference from licensed band test if we set LBT=0.
Option 3 is to pack TRS and SSB as one package, and UE will not measure TRS if SSB is not detected. This is also a kind of special designed configuration and not quite general, but it is still an easy and practical way for the test. 
Option 4 is no TRS configuration. Actually, TRS might not help too much on performance during typical NR-U deployment (small cell and low mobility). For PDSCH demodulation, DM-RS will dominate the performance. This can be seen from our simulation [9]. Since synchronization capability could be checked by Rel-15, TRS might not be needed for NR-U test. Furthermore, no TRS configuration will help to solve the problem when there is no enough resource for TRS allocation under special situation. This is discussed in chapter 2.2.
Observation: It is not reasonable to set different LBT failure probability and scheduling configuration for UE with and without CSI-validation capability. 
Observation: If UE without CSI-validation capability have to be tested, packing SSB and TRS together could be a solution.
Observation: TRS won’t impact performance under typical NR-U scenario. 
Proposal: Define requirements only for UE with CSI-validation capability and no applicable test cases for UE without capability.
Proposal: No TRS configuration for NR-U tests.
The following discussion is limited for UE with CSI-validation capability. 

Issue 1-2: Detailed test setup for scenario A and C.
This issue is related to using same or different requirement sets for unlicensed CC in scenario A and C. According to the agreement in the last meeting, define a single set of PDSCH/CQI report requirements for unlicensed CC in both scenarios if the test setup is the same. 
Consider more tentative agreements below, 
· Do not consider UL LBT failure in DL tests
· Always schedule UL Slot in the DL Transmission Periodicity/FFP to avoid Cross-COT HARQ, assuming a minimum timing K1 sufficient after the end of PDSCH allocation according to spec (assuming 1 slot is sufficient).
· Apply the Downlink Transmission model to all DL signals in unlicensed carrier (including SSB and TRS transmission)
· Define the same probability of LBT Failure for Scenario C and Scenario A
We can try to describe the basic procedure of test setup for two scenarios. 
For scenario A test, the possible setup procedure could be:
1. Setup PCell on licensed band and SCell on unlicensed band. 
2. Burst transmission with LBT failure only on SCell
3. SCell SSB: 20ms period; DRS is 1ms; the first SSB in slot 0 
4. DCI for SCell is transmitted by PCell when LBT is successful
5. TRS (or no TRS) is transmitted by PCell 
6. SCell CSI-RS is transmitted when LBT is successful
7. UL feedback is transmitted by PCell
a. HARQ-ACK on PCell PUCCH, K1 depends on TDD pattern of PCell
b. CQI report: on PCell PUCCH, periodic with CSI-validation or aperiodic

For scenario C test, the possible setup could be:
1. Setup PCell only on unlicensed band
2. Burst transmission with LBT failure on PCell
3. PCell SSB could be 20ms period, DRS is 1ms and the first SSB in slot 0 
4. DCI and CSI-RS/TRS (or no TRS) is transmitted when LBT is successful
5. UL feedback won't be impacted by DL/UL LBT (follow scenario A)
a. HARQ-ACK on PCell PUCCH, K1 depend on TDD setting.
b. CQI report: on PCell PUCCH, periodic with CSI-validation or aperiodic
Comparing setups above, they are the same for unlicensed cell in scenario A and C. It is reasonable to define a single set of requirements for both scenarios.
Observation: Same test setup is feasible for both Scenario A SCell and Scenario C PCell. 

Issue 1-3: Requirement definition method for Scenario A and C.
A tentative agreement is achieved during last meeting, “Reuse Rel-16 NR CA Requirements for the licensed cell where applicable; Define Scenario C PDSCH requirements using Rel-15 NR PDSCH Requirements as a starting point.” Based on the Observation 3, we might have same test setup for both Scenario A and C, then it is possible to define single set of requirements for unlicensed cell in both Scenario A and C. We also agreed to introduce CQI reporting requirements at least for UE with CSI-validation capability, so both PDSCH and CQI report requirements could follow the same method. More analysis is needed to make all these issues clear. 
· PDSCH
Scenario A is LAA and CA is the typical deployment. There will be 1 PCell and up to 5 DL SCells with carrier aggregation are deployed. In RAN4#97-e, Rel-16 NR CA PDSCH requirement is discussed, and corresponding WF and CRs are also agreed [2] [3]. Since the applicability rule for all current CA PDSCH requirements is “for the largest supported bandwidth”, requirements for all possible bandwidth combinations are needed. In that case, using Rel-16 NR CA PDSCH requirement for PCell is feasible otherwise there will be no requirement applicable. 
For Scenario A SCell and Scenario C PCell, we could setup same test and it could define a single set of requirements to cover both of them. DL burst transmission with LBT failure model is introduced for unlicensed carrier requirement definition which is different from Rel-15 requirement. New requirements for unlicensed carrier are needed. Considering CA applicability rule, all possible bandwidth {20, 40, 60, 80} MHz requirements should be defined for unlicensed carrier. There is no need to consider 20MHz requirement for Scenario C separately, but we might to add an applicability rule to reduce test effort for UE only support scenario C, for example only the largest supported bandwidth will be tested. 
Proposal: Reuse Rel-16 NR CA PDSCH requirements for Scenario A PCell. Define a single set of PDSCH requirements with {20, 40, 60, 80} MHz bandwidth for unlicensed cell in both Scenario A and C, and use applicability rule to reduce test effort for Scenario C. 
· CQI report 
It is agreed that CQI report demodulation requirement for UE with CSI-validation capability. UE will only measure CSI-RS when it is available. Since the setup is the same for Scenario A SCell and Scenario C PCell, a single requirement could be feasible for NR-U CQI requirement. 
Rel-16 added normal NR CA CQI report demodulation requirement. It could check the UE capability when supporting CA between different duplex and SCS, then NR-U CA CQI report requirements won’t be necessary if UE has passed Rel-16 NR CA and NR-U single carrier CQI report requirement.   
Observation: A single CQI report requirement will be enough to cover unlicensed carrier Scenario A and C. 

2.2	DL transmission model 
In the last meeting, following tentative agreements are achieved. 
· Use a fixed DL Transmission Periodicity (or FFP in Dynamic Channel Access). The DL periodicity is 5ms. 
· The Maximum COT duration within the DL periodicity is 4ms, to comply with local regulations.
· Always schedule UL Slot in the DL Transmission Periodicity/FFP to avoid Cross-COT HARQ, assuming a minimum timing K1 sufficient after the end of PDSCH allocation according to spec (assuming 1 slot is sufficient).
Based on above agreements, a baseline model was agreed for preliminary simulation.
[image: ]
But there are open issues needs to be further discussed. 

Issue 2-1: Slot format. 
The first issue is about the 4ms regulation in Japan. According to TR38.889 [5], the “max burst length is 4ms in Japan”. In TS37.214 [8] there are definitions for COT, DL transmission burst and UL transmission burst as below:
· A Channel Occupancy Time refers to the total time for which eNB/gNB/UE and any eNB/gNB/UE(s) sharing the channel occupancy perform transmission(s) on a channel after an eNB/gNB/UE performs the corresponding channel access procedures described in this clause. For determining a Channel Occupancy Time, if a transmission gap is less than or equal to , the gap duration is counted in the channel occupancy time. A channel occupancy time can be shared for transmission between an eNB/gNB and the corresponding UE(s).
· A DL transmission burst is defined as a set of transmissions from an eNB/gNB without any gaps greater than . Transmissions from an eNB/gNB separated by a gap of more than  are considered as separate DL transmission bursts. An eNB/gNB can transmit transmission(s) after a gap within a DL transmission burst without sensing the corresponding channel(s) for availability.
· A UL transmission burst is defined as a set of transmissions from a UE without any gaps greater than . Transmissions from a UE separated by a gap of more than 16 us are considered as separate UL transmission bursts. A UE can transmit transmission(s) after a gap within a UL transmission burst without sensing the corresponding channel(s) for availability.

If we follow this definition, then DL slots could reach to 8 (4ms) at the most. Both candidate options {2, 3, 5, 6} and {2, 4, 6, 7} can meet the maximum 4ms burst length regulation. The only difference could be the K1 configuration for S slot at the end of burst, one is 2 and the other is 3. Checking the R15 K1 configuration for PDSCH demodulation, K1 could be 2 [7]. Then both of candidates are practical, but {2, 4, 6, 7} could be better. If we want to extend the DL slot number to 8, then UL slot would better to start from 4.5ms in each 5ms FFP. 
Observation: DL burst transmission slots could be up to 8.
There is an issue about TRS allocation when DL burst length is only 2 slots. In Rel-15 PDSCH demodulation assumptions, TRS resource configuration is 
“l0 = 6 for CSI-RS resource 1 and 3, l0 = 10 for CSI-RS resource 2 and 4”. 
That means there are no enough resources for TRS allocation when the last slot of the two only have 6 or 9 OFDM symbols. Considering TRS have no much impact on performance, no TRS configuration is preferred to avoid this situation. 
Another similar limitation is for CSI-RS allocation. In Rel-15 CQI report demodulation configuration, ZP/NZP CSI-RS and CSI-IM are all configured on the symbol #9 or #13 etc in the second slot. If we move these CSI resource to the first slot, then no PDSCH will be scheduled according to the note 1 in Table 6.1.2-1 in TS38.101-4 [3]. 
Note 1:	PDSCH is not scheduled on slots containing CSI-RS or slots which are not full DL.
Observation: There is not enough resource for TRS or CSI-RS allocation when DL burst is 2 slots with less PDSCH symbols in the last slot.
To minimize the effort of changing specification, we can limit the minimum DL burst length is 1ms which means 2 slots need to have full OFDM symbols transmitted. In that case, almost all Rel-15 configuration could be followed. 
Proposal: Limit the minimum DL burst length to 1ms. The DL burst length could be described as: DL burst transmission slot length is {2, 4, 6, 7(8)}; the PDSCH symbols in the last slot is 14 for 2 slots DL burst transmission and {6, 9, 10, 12} for more than 2 slots DL burst transmission.
It should be noted that RRM NR-U performance test had an agreement on UL/DL configuration: “NR-U RRM tests does not configure tdd-UL-DL-ConfigurationCommon using RRC configuration. DL scheduling is configured by DCI 1_1 slot by slot.”[6] 
Observation: NR-U RRM performance test configures dynamic TDD by DCI 1_1 slot by slot.
The idle time 
2.3	LBT model parameters
Following tentative agreements are achieved during the last meeting.
· 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)
· Define a single LBT model, to be used for both ‘dynamic’ and ‘semi-static’ Channel Access
· Do not define tests with sub-band LBT failure (either all sub-bands are transmitted, or no sub-band is transmitted)
· Define the same probability of LBT Failure for Scenario C and Scenario A.
Most of relevant issues are settled and only open issue is the LBT failure probability for the test. 
Some companies prefer 0.5 which is a natural value for random scenario, and it is also used in eLAA demodulation. Other companies argued that 0.5 is too high for Scenario C and will cause very low throughput. In our understanding, the test metric for PDSCH is based on normalized throughput which will not impacted by LBT probability. For CQI report demodulation, the CSI-RS measurement will also not be impacted since UE only do the measurement when LBT is successful. This is proved by our simulation result [9].
Maybe only relevant issue is time consuming of the test. Longer time will be taken if LBT failure probability is higher to get stable statistics, but it seems not a concern according to eLAA discussion. It would be good to keep constancy to have same configuration.   
Observation: Different LBT failure probability won’t impact on performance so much. Observation: Test time caused by 0.5 LBT failure probability won’t be an issue according to previous eLAA discussion. 
Proposal: Define LBT failure probability to 0.5. 

3. Conclusion
Issue 1-1: Requirement definition according to UE capability of supporting CSI-validation features
Observation: It is not reasonable to set different LBT failure probability and scheduling configuration for UE with and without CSI-validation capability. 
Observation: If UE without CSI-validation capability have to be tested, packing SSB and TRS together could be a solution.
Observation: TRS won’t impact performance under typical NR-U scenario. 
Proposal: Define requirements only for UE with CSI-validation capability and no applicable test cases for UE without capability.
Proposal: No TRS configuration for NR-U tests.

Issue 1-2: Detailed test setup for scenario A and C.
Observation: Same test setup is feasible for both Scenario A SCell and Scenario C PCell.

Issue 1-3: Requirement definition method for Scenario A and C.
Proposal: Reuse Rel-16 NR CA PDSCH requirements for Scenario A PCell. Define a single set of PDSCH requirements with {20, 40, 60, 80} MHz bandwidth for unlicensed cell in both Scenario A and C, and use applicability rule to reduce test effort for Scenario C. 
Observation: A single CQI report requirement will be enough to cover unlicensed carrier Scenario A and C.

Issue 2-1: Slot format
Observation: DL burst transmission slot could be up to 8.
Observation: There is no enough resource for TRS or CSI-RS allocation when DL burst is 2 slots with less PDSCH symbols in the last slot.
Proposal: Limit the minimum DL burst length to 1ms. The DL burst length could be described as: DL burst transmission slot length is {2, 4, 6, 7(8)}; the PDSCH symbols in the last slot is 14 for 2 slots DL burst transmission and {6, 9, 10, 12} for more than 2 slots DL burst transmission.
Observation: NR-U RRM performance test configure dynamic TDD by DCI 1_1 slot by slot.

Issue 3-1: LBT failure propability
Observation: Different LBT failure probability won’t impact on performance so much. Observation: Test time caused by 0.5 LBT failure probability won’t be an issue according to previous eLAA discussion. 
Proposal: Define LBT failure probability to 0.5.
	[bookmark: _Hlk43884132]DL Transmission Model
	Maximum DL COT Duration 
	ms
	4

	
	DL Transmission Model Period/
Fixed Frame Period (Note 1)

	ms
	5

	
	Probability of LBT Failure pLBT
	
	0.5 

	
	UL COT start time within each FFP
	ms
	Option 1: 4 for maximum DL burst length <=7 slots
Option 2: 4.5 for maximum DL burst length is 8 slots

	
	UL COT duration 
	ms
	Option 1: 0.9 for maximum DL burst length <=7 slots
Option 2: 0.4 for maximum DL burst length is 8 slots

	
	Idle Time after UL COT 
	ms
	0.1

	
	Number of slots between PDSCH and corresponding HARQ-ACK information 
	
	8 if mod(i,10)=0
7 if mod(i,10)=1
6 if mod(i,10)=2
5 if mod(i,10)=3
4 if mod(i,10)=4
3 if mod(i,10)=5
2 if mod(i,10)=6

	
	Duration of the Downlink burst 
	Slots
	{2, 4, 6, 7(8)}

	
	PDSCH Allocation in the last Slot of the Downlink burst
	Symbols
	14 for 2 DL slots
 {6, 9, 12, 14} for more than 2 DL slots 

	Notes:
1) The Fixed Frame Period denomination applies only for ChannelAccessType-r16 = ‘semistatic’. For ChannelAccessType-r16 = ‘dynamic’ this parameter is identified only as DL Transmission Model Period.
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DL Transmission  Model  Maximum COT Duration   ms  [ 4 ]  

Idle Time after COT   ms  [ 1 ]  

DL Transmission Model Period/   Fixed Frame Period (Note 1)    ms  5  

Probability of LBT Failure p LBT   [ 0.25, 0.5 ]  

Guard Symbols   [TBD]  

UL Symbols   [TBD]  

Number of slots between PDSCH and  corresponding HARQ - ACK information     [TBD, HARQ - ACK is sent in any case  within the  FFP   and  minimum  1 slot  after the end of  the  allocated  Downlink  portion ]  

Duration of the  Downlink  p ortion  of the  COT   Slots  [ {2,3,5,6}   (baseline) , {2,4,6, 7 } ]  

PDSCH Allocation in the last Slot of the  Downlink  portion of the  COT  Symbols  [ {6,9,12,14}   (baseline), {5 - 14}]  

Notes:   1)   The Fixed Frame Period denomination applies only for  ChannelAccessType - r16 = ‘semistatic’.  For  ChannelAccessType - r16 = ‘dynamic’  this parameter is identified only as DL Transmission Model Period.  
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