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[bookmark: _Toc509834787][bookmark: _Toc509834859][bookmark: _Toc509834868][bookmark: _Toc509834892]Introduction
[bookmark: _Ref178064866][bookmark: _Toc509834788][bookmark: _Toc509834860][bookmark: _Toc509834869][bookmark: _Toc509834893]To efficiently utilize the large amounts of unlicensed spectrum available worldwide, both licensed operation and unlicensed operation are considered for NR. At RAN-75, a study item on NR-based Access to Unlicensed Spectrum was approved [1]. The NR Unlicensed Study Item Description lists the following architectural scenarios:
·  An NR-based LAA cell(s) connects with an LTE or NR anchor cell operating in licensed spectrum
· The study assumes the techniques for linking between PCell (LTE or NR licensed CC) and SCell (NR unlicensed CCs) according to the NR WI
· An NR-based cell operating standalone in unlicensed spectrum, connected to a 5G-CN network with priority on frequency bands above 6GHz, e.g., for private network deployments; 
Based on the above, the following deployment scenarios can be identified:
· Carrier aggregation between licensed band NR (PCell) and NR-U (SCell)
· NR-U SCell may have both DL and UL, or DL-only.
· [bookmark: _Hlk500847837]Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)
· [bookmark: _Hlk500847868]Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
· Stand-alone NR-U
In this contribution we discuss the deployment scenarios in more detail and give our view on prioritization.
[bookmark: _Ref509923849]Discussion
In the last RAN1#92 meeting, RAN1 has agreed to consider for the moment all the deployment scenarios listed above:
	From RAN1#92 agreements:
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.
· 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
· Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)



In this contribution, we elaborate more on the above scenarios and give some insights on the work needed from RAN2 perspective.
[bookmark: _Toc509834794][bookmark: _Toc509834866][bookmark: _Toc509834875][bookmark: _Toc509834902]Carrier aggregation between licensed band NR (PCell) and NR-U (SCell)
This scenario is similar to the LTE LAA scheme and similar design principle can be reused, e.g. in terms of scheduling strategies and HARQ retransmissions procedures. The NR-U SCell can be configured for DL LAA operations and/or UL LAA operations.
We also see this scenario as an important building block for Scenarios 2.2-2.4, where carrier aggregation can be done between the NR-U PCell (or NR-U PSCell if dual connectivity is configured) and other NR-U SCells.
Apart from this, we do not foresee large RAN2 specification impact to support this scenario, and most of the system functionalities, such as HARQ design, scheduling strategies, configuration procedures can be inherited from LTE LAA. 
[bookmark: _Toc502751361][bookmark: _Toc502845506][bookmark: _Toc502845565][bookmark: _Toc502848756][bookmark: _Toc503445181][bookmark: _Toc509923842][bookmark: _Toc509923897][bookmark: _Toc509923934][bookmark: _Toc509923953][bookmark: _Toc510609341][bookmark: _Toc510735999][bookmark: _Toc510742658]DL and UL carrier aggregation between licensed band NR-U (PCell/PSCell) and NR-U (SCell), as well between licensed band NR (PCell/PSCell) and NR-U (SCell) takes LTE LAA as baseline.
Nevertheless, it seems beneficial to introduce some new functionalities. For example, in LTE, L1 control signalling as well as the random access do not apply to the LAA SCells. We note that in other NR-U scenarios, e.g. for the NR-U standalone or dual connectivity cases described in the following sections, PUCCH and PRACH in NR-U cells need to be supported. Therefore, supporting PUCCH and PRACH in NR-U SCells upon PDCCH order for the carrier aggregation case seems natural and it might not bring additional complexity from a technical perspective. In addition, it might bring some benefits, e.g. the usage of PUCCH and PRACH on NR-U SCells which may be useful for offloading some signaling from the PCell, and also allows the NR-U SCell to be in a different TAG than the licensed PCell. 
[bookmark: _Toc502845505][bookmark: _Toc502845564][bookmark: _Toc502848755][bookmark: _Toc503445180][bookmark: _Toc509923843][bookmark: _Toc509923898][bookmark: _Toc509923935][bookmark: _Toc509923954][bookmark: _Toc510609342][bookmark: _Toc510736000][bookmark: _Toc510742659]PUCCH and PRACH may configured in the NR-U SCell.
Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
From L1/2 perspective, this scenario is very similar to the DC architecture already specified in Rel.15. In particular, from architecture perspective, the EN-DC architecture agreed for Rel.15 can be reused, i.e. the network can configure E-UTRA PDCP or NR PDCP to handle MCG bearers, while NR PDCP is always used to handle split bearers and SCG bearers.
[bookmark: _Toc502751362][bookmark: _Toc502845507][bookmark: _Toc502845566][bookmark: _Toc502848757][bookmark: _Toc503445182][bookmark: _Toc509923844][bookmark: _Toc509923899][bookmark: _Toc509923936][bookmark: _Toc509923955][bookmark: _Toc510609343][bookmark: _Toc510736001][bookmark: _Toc510742660]Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell) takes the EN-DC architecture as baseline.
Supporting this scenario implies that certain functionalities which in legacy systems are only performed in licensed bands will also be performed in unlicensed spectrum. For example, the following functionalities should be extended to unlicensed operations:
· PUCCH
· PRACH
· RLM
· Master information block provisioning (MIB)
Due to LBT procedures, the transmission of all the above signalling may be subject to uncertainty (i.e. transmission delayed/dropped) that may have non-negligible impacts in terms of scheduling decisions, channel estimation, mobility, etc.
[bookmark: _Toc509923845][bookmark: _Toc509923900][bookmark: _Toc509923937][bookmark: _Toc509923956][bookmark: _Toc510609344][bookmark: _Toc510736002][bookmark: _Toc510742661]RAN2 studies the impact of L1 control signalling, PRACH, RLM, MIB provisioning, for dual connectivity with unlicensed cells.
Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)
From technical perspective, the challenges of this scenario are similar to what described in the previous section. In this scenario, Rel.15 NR PDCP can be configured to handle MCG (Master Cell Group) bearers and split bearers towards the NR-U SgNB. SCG (Secondary Cell Group) bearers may also be configured in the SgNB. 
However, it is expected that the support of the dual connectivity between licensed band and NR-U will take that as baseline, once RAN2 specifies the details.
[bookmark: _Toc509923846][bookmark: _Toc509923901][bookmark: _Toc509923938][bookmark: _Toc509923957][bookmark: _Toc510609345][bookmark: _Toc510736003][bookmark: _Toc510742662]The support of dual connectivity between licensed band NR (PCell) and NR-U (PSCell) takes as baseline the dual connectivity with only-NR cells, once specified in RAN2.
Stand-alone NR-U
Compared with previous scenario, a stand-alone NR-U system operates entirely in the unlicensed spectrum, with no anchor to LTE/NR protocols in unlicensed spectrum. In this scenario, the following functionalities seem to be needed:
· L1 control signalling
· Random access procedures
· RLM functionalities
· SIB/MIB
· Paging signalling need to be supported. 
The support of some of the above functionalities is also needed in the DC cases, as described in the previous section. So, from RAN2 perspective, most of the work needed to support stand-alone NR-U is in common with DC.
[bookmark: _Toc509923841][bookmark: _Toc509923896][bookmark: _Toc509923933][bookmark: _Toc509923952][bookmark: _Toc510609340][bookmark: _Toc510735998][bookmark: _Toc510742657]From RAN2 perspective, several technical functionalities to support stand-alone NR-U operations (such as the support of L1 control signalling, random access, RLM, MIB) are common to DC scenarios in unlicensed spectrum.
On top of such aspects, the coexistence with other licensed and unlicensed cells and/or with the core network seems a key aspect to enable robust mobility both between NR-U cells and licensed NR cells. 
[bookmark: _Toc502848758][bookmark: _Toc503445183][bookmark: _Toc509923847][bookmark: _Toc509923902][bookmark: _Toc509923939][bookmark: _Toc509923958][bookmark: _Toc510609346][bookmark: _Toc510736004][bookmark: _Toc510742663]RAN2 studies how to enable robust (connected/idle mode) mobility both between NR-U cells and towards/from NR licensed cells.
From deployment perspective, the stand-alone NR-U cell can offer connectivity to one or more PLMNs, in which case RAN sharing solutions can be used across multiple PLMNs. 
[bookmark: _Toc509923848][bookmark: _Toc509923903][bookmark: _Toc509923940][bookmark: _Toc509923959][bookmark: _Toc510609347][bookmark: _Toc510736005][bookmark: _Toc510742664]A standalone NR-U cell can offer connectivity to one or multiple PLMNs.
Conclusion
In section 2 we made the following observations:
Observation 1	From RAN2 perspective, several technical functionalities to support stand-alone NR-U operations (such as the support of L1 control signalling, random access, RLM, MIB) are common to DC scenarios in unlicensed spectrum.

Based on the discussion in section 2, we propose the following:
Proposal 1	DL and UL carrier aggregation between licensed band NR-U (PCell/PSCell) and NR-U (SCell), as well between licensed band NR (PCell/PSCell) and NR-U (SCell) takes LTE LAA as baseline.
Proposal 2	PUCCH and PRACH may configured in the NR-U SCell.
Proposal 3	Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell) takes the EN-DC architecture as baseline.
Proposal 4	RAN2 studies the impact of L1 control signalling, PRACH, RLM, MIB provisioning, for dual connectivity with unlicensed cells.
Proposal 5	The support of dual connectivity between licensed band NR (PCell) and NR-U (PSCell) takes as baseline the dual connectivity with only-NR cells, once specified in RAN2.
Proposal 6	RAN2 studies how to enable robust (connected/idle mode) mobility both between NR-U cells and towards/from NR licensed cells.
Proposal 7	A standalone NR-U cell can offer connectivity to one or multiple PLMNs.
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