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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN#75, the study item of NR based access to unlicensed spectrum was agreed. In the RAN1#92 meeting, the following deployment scenarios were agreed to be studied.
	Agreement:
Study the additional functionality needed beyond the specifications for operation in licensed spectrum in the following deployment scenarios. 
· Carrier aggregation between licensed band NR (PCell) and NR-U (SCell)
· NR-U SCell may have both DL and UL, or DL-only.
· [bookmark: _Hlk500847868]Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
· Stand-alone NR-U
· An NR cell with DL in unlicensed band and UL in licensed band
· [bookmark: _Hlk500847837]Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)


In this contribution, we will discuss the potential RAN2 impact due to NR-based access to unlicensed spectrum.  
2. Baseline Assumption
LTE based access to unlicensed spectrum has already be developed in Rel-13/14/15. In LTE LAA, LTE-U cell can only be confiugured as SCell in CA case. Now the access to the unlicensed spectrum is evolved to the new radio. According to the above RAN1 agreements, NR-U cell is extended to work as SpCell and SCell in both CA, (EN-)DC and standalone cases. Compared to developping a brand new system in unlicensed spectrum, we think reusing current LTE LAA mechanisms would be a better way to develop the NR-based access to unlicensed spectrum. Hence, we propose:
[bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: _Ref510699570]Proposal 1: The LTE LAA mechanisms can be reused, at least for carrier aggregation scenario between licensed band NR (PCell) and NR-U(SCell), and can be regarded as the starting point of other scenarios.
For the deployment scenarios which has not be addressed by LTE LAA (i.e. DC and standalone cases),   the issues which has RAN2impact are identified and analyzed in the section 3.
3. [bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK23][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK30][bookmark: OLE_LINK31]Potential impact on existing mechanisms
3.1. System Information and Paging
[image: ]
Figure 1 System Information Delivery
In the licensed-assisted access operation, the system information of cells on unlicensed spectrum is always sent via the licensed spectrum. Therefore, the delivery can be ensured and UE can always obtain the system information. However, in the standalone operation, all the information should be sent in the unlicensed spectrum. The uncertainty of the channel availability due to LBT may block the transmission. Therefore, enhanced transmission schemes should be investigated to ensure the transmission of the system information and paging, e.g. extend the length of reception window/occasion for system information and paging. 
[bookmark: _Ref510699573]Proposal 2: Enhanced transmission scheme should be studied for system information and paging delivery for the standalone operation in the unlicensed spectrum.
Generally speaking, the load of the unlicensed carrier changes frequently than licensed carrier, since the load is shared by multiple operators or systems using unlicensed spectrum. As a result, an NR standalone cell over unlicensed spectrum may have to frequently change its radio configuration, e.g. RACH configuration using system information change procedure, to adapt the constantly changing load. As mentioned above, unlicensed NR cell has to broadcast its own SI on the Uu for standalone operation. And the current SI modification window based SI update mechanism on Uu interface may not work well for dynamic SI change as the SI could not be timely updated due to LBT failure. Some enhancements on SI updating mechanism, e.g. including multiple configurations for different load in SI，network dynamically indicating UE which configuration is applied, may be considered if the legacy SI updating procedure is considered not efficient for standalone operation in the unlicensed spectrum.
[bookmark: _Ref510699574]Proposal 3: Some enhancements on SI updating mechanism to handle frequent SI modification may be considered if the legacy procedure is considered not efficient for standalone operation in the unlicensed spectrum.
3.2. DRX
According to the above discussion, for idle/inactive UE, the length of paging occasion may need to be extended in unlicensed spectrum. And the corresponding DRX on duration may be extended such that gNB has more opportunities to acquire channel for paging transmission. For connection mode UE, it monitors PDCCH in the DRX ON duration. In the unlicensed spectrum, the DRX ON duration can be increased for more scheduling opportunities. 
The extended DRX ON duration can solve the problem of signal transmission at the gNB side. However, at the UE side, extended ON duration means longer channel monitoring time and hence more power consumption. Therefore, some power saving mechanisms can be studied to save the UE power in the unlicensed spectrum. 
[bookmark: _Ref510702854]Proposal 4: Enhanced DRX schemes should be considered in the unlicensed spectrum to reduce UE power consumption.
3.3. Random Access
For SCell, only contention free RACH procedure is required. The MSG 0 and MSG 2 are transmitted in the Pcell as shown in Figure 2. However, for Spcell, both contention-based and contention free RACH procedure should be supported. For the contention-based 4-step RACH procedure on unlicensed spectrum, currently four independent LBTs are required, unsuccessful LBT will lengthen the whole random access procedure and may cause RACH failure. Therefore, longer monitoring window for MSG 2 reception and MSG 4 reception at the UE side are beneficial to ensure the channel availability at gNB side. As a result of extending the length of MSG2 reception window, more RA-RNTIs is be required.
Another direction to enhance the RACH procedure in the unlicensed spectrum is to simplify the RACH procedure. For example, reducing the contention-based RACH procedure from four steps to two steps will significantly reduce the RACH access delay. In the two-step RACH procedure, UE listens to the channel and sends the preamble and the RACH payload such as UE ID, BSR, etc. are sent in the first step, gNB then performs LBT and responds to the UE by sending back off indicator, contention resolution message, etc.
[image: ]
[bookmark: _Ref510698151]Figure 2 RACH procedure
[bookmark: _Ref510699575]Proposal 5: Both contention-based and contention free RACH procedure should be supported in SpCell operation over unlicensed spectrum.
[bookmark: _Ref510699577][bookmark: _Ref510702256]Proposal 6: Consider following RACH enhancements for efficient standalone operation over unlicensed spectrum: extending reception window for MSG2 and/or MSG4 and introduction of 2-step RACH.
3.4. Cross carrier HARQ
In standalone operation, all the transmissions are subject to the result of LBT in the unlicensed spectrum, even for carrier aggregation. LBT must be performed before the transmissions in both the Spcell and SCell. In order to ensure the service QoS, HARQ operation should be maintained as much as possible. Cross carrier HARQ can be considered in the standalone operation. The downlink or uplink HARQ process can be moved to another carrier other than carrier used for initial transmission. That is to say, the HARQ retransmission can be at any available carrier. The choosing of the retransmission carrier should take into account factors such as channel availability, data load, etc. To support such flexible HARQ retransmission, signaling or mechanism which can indicate the index of the HARQ retransmission carrier need to be investigated. When the numerology of the initial transmission and retransmission are different, the timing difference between the initial transmission and retransmission should be clearly indicated to avoid the ambiguity caused by different numerologies. Note that similar mechanism has already been defined in NR Rel-15 SUL where the UL HARQ transmission can jump between a non-SUL carrier and a SUL carrier dynamically by the network indication. 
[bookmark: _Ref510699578]Proposal 7: Cross carrier HARQ can be considered in unlicensed spectrum.
3.5. RLM
RLM is performed on Spcell based on sync/in-sync indication from the PHY according to the quality of the received RS signal. For Spcell working in unlicensed spectrum, the RS signal transmission may be dropped due to LBT failure at gNB. In this case, the UE RRC layer may not be able to receive the sync/in-sync indication from PHY.  How to handle the sync/in-sync indication missing case needs to be studied.
[bookmark: _Ref510703891]Proposal 8: How to perform RLM in the case no sync/in-sync indication reported to RRC due to LBT failure needs to be studied. 
3.6. In-device coexistence
Current UE already support multiple radio technologies. In particular an NR-U enabled device may also support WiFi. With the deployment of NR-U and WiFi in the same band, IDC issue may arise: since the radios are in close proximity, a transmission in one radio may cause interference to the reception in the other radio.
In LTE LAA, the Rel-11 IDC solution is reused to enable background Wi-Fi scanning while LAA-LTE is operating. To handle the IDC issue in NR-U, the existing LTE IDC solutions can be considered as the starting point.
[bookmark: _Ref510705770]Proposal 9: To handle the IDC issue in NR-U, the existing LTE IDC solutions can be considered as the starting point.
4. Conclusion
In this contribution, we discuss the potential RAN2 impact due to NR-based access to unlicensed spectrum and propose:
Proposal 1: The LTE LAA mechanisms can be reused, at least for carrier aggregation scenario between licensed band NR (PCell) and NR-U(SCell), and can be regarded as the starting point of other scenarios.
Proposal 2: Enhanced transmission scheme should be studied for system information and paging delivery for the standalone operation in the unlicensed spectrum.
Proposal 3: Some enhancements on SI updating mechanism to handle frequent SI modification may be considered if the legacy procedure is considered not efficient for standalone operation in the unlicensed spectrum.
Proposal 4: Enhanced DRX schemes should be considered in the unlicensed spectrum to reduce UE power consumption.
Proposal 5: Both contention-based and contention free RACH procedure should be supported in SpCell operation over unlicensed spectrum.
Proposal 6: Consider following RACH enhancements for efficient standalone operation over unlicensed spectrum: extending reception window for MSG2 and/or MSG4, and introduction of 2-step RACH.
Proposal 7: Cross carrier HARQ can be considered in the unlicensed spectrum. 
Proposal 8: How to perform RLM in the case no sync/in-sync indication reported to RRC due to LBT failure needs to be studied.
Proposal 9: To handle the IDC issue in NR-U, the existing LTE IDC solutions can be considered as the starting point.
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