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Background
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]At the last meeting, RAN 4 reached some agreements on LBT transmission model and PDSCH simulation assumptions. In this paper, we provide our discussions on remain issues. We listed the agreements and open issues derived from WF [1] as follows:
	· Test Scope:
· [bookmark: OLE_LINK17]Requirement definition according to UE capability of supporting CSI-validation features
· FFS: Option 1: One generic LBT modelling for all test cases 
· Option 1a: no applicable test cases for UE which does not support CSI-validation features
· Option 1c: for UE which does not support CSI-validation feature set LBT failure probability as 0. Separate requirements will be introduced. 
· FFS: Option 2: Different test set-up/[performance requirements] for UE with different UE capability
· Test set1: LBT modelling which applied for UE support CSI validation feature
· Test set2: Test set-up for UE which does not support support CSI-validation feature
· FFS how to enable TRS always on considering LBT failure
· For CSI Validation, define requirements based on the optional capability ‘csi-RS-ValidationWith-DCI’  
· Do not introduce requirements based on optional capability typeB-PDSCH-length-r16.
· Test Scenarios
· Define requirements for the unlicensed CC, and apply to both Scenario A and C.
· If the test setup is the same, define a single set of PDSCH Requirements for the unlicensed CC
· [bookmark: OLE_LINK20]FFS: Details of the test set-up for scenario A and C;
· For reference:
· Scenario A (Carrier aggregation between licensed band NR (PCell) and NR-U (SCell))
· Scenario C (Stand-alone NR-U (PCell))
· Define requirements definition for Scenario A for BW {20,40,60,80} MHz, to reuse the applicability rule in Rel-15 CA to test the largest supported BW.
· Define requirements for Scenario C for 20 MHz only.
· Do not define tests for NR-U Demod PDCCH demodulation requirements;
· Define tests with fixed DRS window duration set to 1ms.
· [bookmark: OLE_LINK29]Do not consider UL LBT Failure in DL Tests.
· 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;
· Downlink Transmission Model
· Use Burst Transmission Model for LAA (36.101-4, B.8) as a starting point. 
· Use a fixed DL Transmission Periodicity (or FFP in Dynamic Channel Access). 
· The DL periodicity is 5 ms.
· The Maximum COT duration within the DL periodicity is 4 ms, to comply with local regulations.
· [bookmark: OLE_LINK21]Use a Random DL duration within the COT, with equal probability between:
· Option 1: {2,3,5,6} Slots; 
· Option 1 is chosen as baseline assumption for the simulation results to be submitted to the next meeting.
· Option 2: {2,4,6,7} Slots;
· To be verified that Option 2 does not cause issues with Japan regulation;
· Details on allocation within the COT
· Allocate PDCCH in Symbols 0 and 1, in every slot in the Downlink portion of the COT.
· Allocate PDSCH from Symbol 2 to Symbol 13 in every slot within the Downlink portion of the COT, except for the last slot in the Downlink portion of the COT.
· [bookmark: OLE_LINK22]Allocate PDSCH in the last slot in the Downlink portion of the COT in Symbols:
· Option 1: {6,9,12,14}
· Option 1 is chosen as baseline assumption for the simulation results to be submitted to the next meeting.
· Option 2: {5-14}
· 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).
· TDD Pattern can be defined once agreements are reached on FFP duration, COT and UL scheduling.
· 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);
· 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. 
· FFS: The probability value is [0.50, 0.25].
· Companies are encouraged to submit simulation results for both probability values to the next meeting, in which the final value can be discussed.
· Simulation Assumptions for PDSCH Tests
· 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;
· Use Type A PDSCH Mapping Type.
· Do not use PDCCH DCI 2-0 in the PDSCH Tests




Discussions 
Requirement definition according to UE capability of supporting CSI-validation features
Based on our understanding, for UE not supporting CSI-validation features, we should guarantee that TRS transmission occasion should be always within the actual transmission burst to make UE track the CFO/CTO correctly. In Rel-15, TRS periodicity was  40 slots and offset was set to 20 slots and 21 slots. We can reuse this configuration with setting probability of LBT failure to 0. According to the agreements of last meeting, the FFP is 10 slots and minimal transmission burst length is 2 slots. Therefore, UE will not detect unless TRS by this configuration. Meanwhile, according to our simulation results in [1], probability of LBT failure doesn’t affect the performance, so we can set one requirements for UE with and without supporting CSI-validation features.
[bookmark: OLE_LINK39]Proposal 1: Define one LBT transmission model and one requirements/test setup for UE supporting CSI-validation features with following additional conditions:
· For UE not supporting CSI-validation, set probability of LBT failure to 0.
· Set TRS periodicity to 40 slots and offset to 20/21 slots for TRS resource 1 and 2 /3 and 4.i.e. Reuse the configuration of Rel-15 PDSCH test.
Details of the test set-up for scenario A and C
[bookmark: OLE_LINK80]For simplicity, it is better to define one requirement for both scenario, but the test set-up should be discussed. From our understanding, the main difference between two scenarios are which CCs used for HARQ feedback and it doesn’t affect performance. But for scenario A, the time error and frequency offset of unlicensed CC to licensed CC should be further discussed. 
[bookmark: OLE_LINK81]Proposal 2: The test set-up should be the same for scenario A and scenario C except for where HARQ feedback is transmitted and further discuss the time error and frequency offset of unlicensed CC to licensed CC
TDD pattern
For TDD pattern, at least from our understanding, TDD pattern to be used should contain multiple consecutive DL slots. One reason is that, more DL slots can reduce the test time. Another is that if there are UL slots without transmission from UE between two DL burst, additional LBT would be needed, at the starting of each DL burst. One solution is OCNG can be transmitted on UL slot, but we can’t control the UE to transmit the OCNG on UL slot. We find that TDD pattern 7D1S2U can satisfy the conditions. i.e. By this configuration, transmission burst with any length selected from {2,3,6,7} or {2,3,5,6} will only include DL slots.
[bookmark: OLE_LINK40]Proposal 3: Use TDD pattern 7D1S2U
Random DL duration within the COT
[bookmark: OLE_LINK28]According to our simulation results shown in Figure 2-1, different DL duration has negligible affection on performance.
[image: ]
[bookmark: OLE_LINK26]Figure 2-1: Simulation results with different S1.
[bookmark: OLE_LINK41]Observation 1: DL duration has negligible affection on the performance.
Some companies concern that duration with {2, 4, 6, 7} may violate the Japan regulation. We copy the related description from clause 4.1.1.1 in TS 37.213 as follows:
	[bookmark: _Toc524694426][bookmark: _Toc28873129][bookmark: _Toc35593587][bookmark: _Toc44668995][bookmark: _Toc51607144][bookmark: _Toc57990354][bookmark: _Toc28873131][bookmark: _Toc35593589][bookmark: _Toc44668997][bookmark: _Toc51607146][bookmark: _Toc57990356]4.1	Downlink channel access procedures
An eNB operating LAA Scell(s) on channel(s) and a gNB performing transmission(s) on channel(s) shall perform the channel access procedures described in this clause for accessing the channel(s) on which the transmission(s) are performed. 
In this clause,  for sensing is adjusted as described in clause 4.1.5 when applicable.
A gNB performs channel access procedures in this clause unless the higher layer parameter ChannelAccessMode-r16 is provided and ChannelAccessMode-r16 =' semistatic'.
…
4.1.1.1	Regional limitations on channel occupancy time
In Japan, if an eNB/gNB has transmitted a transmission after  in step 4 of the procedure above, the eNB/gNB may transmit the next continuous transmission, for duration of maximum , immediately after sensing the channel to be idle for at least a sensing interval of  and if the total sensing and transmission time is not more than . The sensing interval  consists of duration  immediately followed by two sensing slots and  includes an idle sensing slot at start of . The channel is considered to be idle for  if it is sensed to be idle during the sensing slot durations of .



It can be see that Japan regulation only apply for LBE. i.e. dynamic channel access. 
[bookmark: OLE_LINK30]We only consider LBE, limited conditions that maximum transmission is not larger than 4ms only apply for continuous transmission. If we use {2, 4, 6, 7}, the feedback will be transmitted on 9th slot and 8th slot will be empty, so the duration of continuous transmission burst is 8 slot which doesn’t exceed 4ms (See Figure 2-2).  UL LBT will be needed at the start of 9th slot and according to the agreements: ”Don’t consider UL LBT failure for DL test”, UL LBT can be ignored at this test. 
For FBE, if we use this configuration, the MCOT is 4.5ms and idle time is 0.5ms which is larger than 0.95*5ms.

[image: ]
Figure 2-2 
[bookmark: OLE_LINK42]Observation 2: DL duration {2, 4, 6, 7} doesn’t violate the Japan regulation.
Compared DL duration {2, 3, 5, 6}, {2, 4, 6, 7} have more DL slots and can reduce the test time. Therefore, we prefer to use {2, 4, 6, 7}.  
[bookmark: OLE_LINK43][bookmark: OLE_LINK44]Proposal 4 Use DL duration {2, 4, 6, 7}
[bookmark: OLE_LINK34]Allocate PDSCH in the last slot in the Downlink portion of the COT in Symbols
[bookmark: OLE_LINK27]From our simulation results in Figure 2-2, different resource allocation in the last slot has negligible affection on performance. We propose to use {6, 9, 12, 14} instead of {5~14} to avoid too many random values.
[image: ]
Figure 2-2: Simulation results with different S2.
[bookmark: OLE_LINK35][bookmark: OLE_LINK32][bookmark: OLE_LINK33]It is noted that when ld<8, there is no additional DMRS configuration as specified in TS 38.211. But in the simulation assumptions, the DMRS configuration is set to be 1+1. We prefer to modify it to ” Number of additional DMRS is 0 when symbol length of last slot within COT is less than 8 and 1 otherwise. ”  
[bookmark: OLE_LINK45][bookmark: OLE_LINK36]Proposal 5: Use {6, 9, 12, 14} for  PDSCH allocation in the last slot in the Downlink portion of the COT in Symbols.
Proposal 6: Set number of additional DMRS is 0 when PDSCH allocation in the last slot is less than 8 and 1 otherwise. ”  
LBT failure probability
According to our simulation results, LBT failure probability has subtle affection on performance. From the point of reducing test time, we propose to use 0.5 for UE supporting CSI-validation features.
Proposal 7: Set LBT failure probability to 0.5 for UE supporting CSI-validation features.
Conclusion
In this paper, we give our discussions on NR-U PDSCH performance requirements, the observations and proposals are:
Proposal 1: Define one LBT transmission model and one requirements/test setup for UE supporting CSI-validation features with following additional conditions:
· For UE not supporting CSI-validation, set probability of LBT failure to 0.
· Set TRS periodicity to 40 slots and offset to 20/21 slots for TRS resource 1 and 2 /3 and 4.i.e. Reuse the configuration of Rel-15 PDSCH test.
Proposal 2: The test set-up should be the same for scenario A and scenario C except for where HARQ feedback is transmitted and further discuss the time error and frequency offset of unlicensed CC to licensed CC
Proposal 3: Use TDD pattern 7D1S2U
Observation 1: DL duration has negligible affection on the performance.
Observation 2: DL duration {2, 4, 6, 7} doesn’t violate the Japan regulation.
Proposal 4 Use DL duration {2, 4, 6, 7}
Proposal 5: Use {6, 9, 12, 14} for  PDSCH allocation in the last slot in the Downlink portion of the COT in Symbols.
Proposal 6: Set number of additional DMRS is 0 when PDSCH allocation in the last slot is less than 8 and 1 otherwise. ”
Proposal 7: Set LBT failure probability to 0.5 for UE supporting CSI-validation features.
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