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Introduction
In RAN#75, a new SI was approved to study NR access to unlicensed spectrum. On the deployment aspect, there is the following statement in the justification of the SI:
In the same vein, the study should look into scenarios and solutions where NR-LAA is anchored to a legacy LTE carrier by dual-connectivity (DC) similar to the NSA mode of regular NR operation, as well as CA based aggregation with a 5G NR anchor. Furthermore, it is beneficial to consider standalone operation of NR in unlicensed spectrum at an early stage and the study should address this.
More specifically, RAN2 is asked to study the architectural scenario for the following:
· 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; 
In this contribution, the high level analysis of impact to RAN2 is presented.
Discussion
Based on the SI, the scenarios to be studied can be one of the following:
· Scenario1: NR licensed PCell and NR unlicensed SCell with CA
· Scenario2: LTE licensed PCell and NR unlicensed PSCell with DC
· Scenario3: NR licensed PCell and NR unlicensed PSCell with DC
· Scenario4: Standalone NR unlicensed PCell 
The same set of scenarios has also been agreed in RAN1 as follows.  In addition, RAN1 has also included another scenario where a NR cell is unlicensed in the DL but licensed in the UL.
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 the subsequent section, the deployment ‘An NR cell with DL in unlicensed band and UL in licensed band’ is also called Scenario5.

In the following section, a high level of the effort to fulfil each of the scenario is analyzed.

Scenario1: NR licensed PCell and NR unlicensed SCell with CA
Scenario 1 provides the simplest approach (like in LTE LAA) to improve network capacity by exploiting unlicensed spectrum with ideal backhaul between the PCell in licensed carrier and SCell(s) in unlicensed. The RAN2 effort related to this scenario can be categorised as follow:
On the DL, there is a need to improve the reference signal for RRM measurement to take into consideration the effect of performing LBT on the reference signal and the UE when taking RRM measurement will have to know whether the reference signal is being sent. Other than measurement for RRM measurement, the network may also configure the UE with measurements to detect the hidden node issue (e.g. RSSI measurement and channel occupancy measurement as in LTE may still be needed). Also hardware sharing issue may also happen due to UE sharing the same hardware (e.g. antenna) e.g. between NR unlicensed and WiFi.
On the UL, the main effort will be on the configured UL grant enhancement over unlicensed carrier.  There is a need to allow for more flexible retransmission timing for a HARQ process, as opposed to the fix association between the slot and a HARQ process. As configured UL grant mechanism is without PDCCH allocating the UL grant, it may not be possible to assign the LBT priority class for the UL, UE needs to decide on its LBT priority class. Other smaller impact issues to decide on whether scheduling combination of DL being self-scheduling while UL being cross-scheduled by a licensed serving cell is needed as in LTE. RACH may or may not be needed depending on the deployment. If only small cell is considered, then RACH is not needed.
All of the above effort for this scenario are also needed for all the other scenarios, except for the scenario where an NR cell with DL in unlicensed band and UL in licensed band, in which the UL effort is not needed. 
Observation#1: The effort for NR licensed PCell and NR unlicensed SCell with CA (Scenario1) is required for all other scenarios, except for the scenario where an NR cell with DL in unlicensed band and UL in licensed band, in which the UL effort is not needed.

Scenario2: LTE licensed PCell and NR unlicensed PSCell with DC connected
Scenario2 is particularly useful for operators to leverage existing licensed LTE deployment without the need for NR licensed spectrum using the NR-unlicensed technology. 
On top of the effort for Scenario1, enhancement for PRACH/RACH over unlicensed carrier is essential for performing UL synchronisation and also for synchronized reconfiguration.  Furthermore, UL control signalling is required to provide CSI reporting, HARQ ACK/NACK and also SR. Also, RLM over unlicensed PSCell is also needed. All these effort is needed also for Standalone NR unlicensed PCell (Scenario4). 
From an architectural standpoint, regardless of whether the backhaul is ideal or not, the network interface and RRC signaling of this scenario can be supported largely by the EN-DC framework from RAN2 point of view. With EN-DC framework, LTE RRC does not need to understand NR L1/L2 configuration and the design will be simpler if NR part is transparent to LTE, where the NR configuration is encapsulated within a container. At least for the EPC case, this is already included as part of the EN-DC drop in December/March 2017. There may be additional MN-SN signaling that maybe needed for the scenario on top of the EN-DC framework, but this may not be significant. 
Observation#2: The effort for LTE licensed PCell and NR unlicensed PSCell with DC (Scenario2) is needed also for standalone NR unlicensed. Also the network interface and RRC signaling of this scenario can largely reuse from the EN-DC framework (at least for the EPC case).

Scenario3: NR licensed PCell and NR unlicensed PSCell/SCell with DC
Scenario3 can extend the possible network deployments of Scenario1 by encompassing the non-ideal backhaul scenarios between licensed cell(s) and unlicensed cell(s). In other words, the support of DC unleashes the deployment of unlicensed cells in a way that is unconstrained by the topology of the licensed cells. 
From lower layer point of view, the effort is the same as Scenario2.
However, in order to support the DC between NR licensed cell (PCell) and NR unlicensed cell (PSCell), the development of DC between NR licensed cells needs to be preceded and the support of this scenario for NR unlicensed is subjected to it.  Currently, the network interface and RRC signalling for NR-NR DC is on hold and will be considered at RAN#80 whether it will be part of the late Rel-15 drop. The study of this scenario should wait for that decision before proceeding.
Observation#3: The network interface and RRC signalling for NR-NR DC required for Scenario3 is on hold and will be considered at RAN#80 whether it will be part of the late Rel-15 drop.

Scenario4: Standalone NR unlicensed PCell
For standalone deployment, other than supporting what has been observed in Scenarios 1 and 2, there is also a need to support idle mode functionality such as paging, cell reselection and SI acquisition. All these will need to take into consideration of LBT. Moreover the work in standalone NR licensed is still in progress. RAN2 can wait for further progress on the equivalent work on standalone NR licensed before studying this part in the SI.
Observation#4: The work in standalone NR licensed is still in progress and the standalone NR unlicensed needs to build on the standalone NR licensed.    

Scenario5: An NR cell in unlicensed DL and licensed UL
This scenario seems to be applicable to all scenarios, with the advantage that LBT is needed to consider only for the DL direction. Effort will be reduced if this scenario is considered.

Based on the above observations, it is clear that Scenario 1 and 2 are building blocks to Scenario 3 and 4. On the other hand, Scenario 3 and 4 will require further progress of the equivalent of the NR licensed in order to be able to study. Hence it is proposed:
Proposal: RAN 2 can first study the work needed for Scenario 1 and 2, and for Scenario 3 and 4 once the equivalent work on NR licensed is completed (i.e. work in progress of standalone NR licensed is completed and the RAN decided to have NR-NR DC in Rel-15).

Conclusion and proposals
It is requested that RAN 2 discuss and agree on the following proposals:
Observation#1: The effort for NR licensed PCell and NR unlicensed SCell with CA (Scenario1) is required for all other scenarios, except for the scenario where an NR cell with DL in unlicensed band and UL in licensed band, in which the UL effort is not needed.
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Observation#4: The work in standalone NR licensed is still in progress and the standalone NR unlicensed needs to build on the standalone NR licensed.  Also, in order to support the use case of standalone NR unlicensed such as ad-hoc deployment, there is a need to support a RAN sharing approach where UEs/users subscribing to different mobile operators are able to access the different ad-hoc networks (hosted by different providers) and providing IP connectivity without EPC/5GC.  
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