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1 Introduction

NR-based Access to Unlicensed Spectrum study item [SID – RP-170828] has been agreed and the work has been started in RAN1. In this paper, we give our views on the scenarios of NR-U and possible impacts on RAN2.
2 Discussion
2.1 Deployment scenario for NR unlicensed operation
Based on the study item description, the following architectural scenarios should be studied:

· 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 description, the study scope regarding the scenarios should at least includes:

· CA based NR-U: carrier aggregation between licensed NR PCell and un-licensed NR SCell;

· NR-DC based NR-U: dual connectivity between licensed NR PCell and un-licensed NR PScell;

· EN-DC based NR-U: dual connectivity between licensed LTE PCell and un-licensed NR PScell;

· SA based NR-U: Stand-alone NR-U;

CA based NR-U is similar to LAA which has been supported in LTE since release 13. This should be supported as a baseline scenario in NR, which enabling offloading traffic from licensed cell to unlicensed cell while guaranteeing reliability through licensed PCell. LTE already supported LAA (unlicensed downlink only on SCell) and eLAA (unlicensed both downlink and uplink on SCell), we think CA based NR-U should also support both. Most of the design principles can be reused when designing CA based NR-U which can simplify the standardize effort for NR-U.
For both NR-DC based NR-U and EN-DC based NR-U, these two scenarios allows offloading of data and control to unlicensed carriers, and targeting on non-collocated licensed and unlicensed gNBs. We think the EN-DC based NR-U should be prioritized over NR-DC based NR-U since NR-DC is not fully completed in the current NR specification.
For SA based NR-U, according to the SID, this scenario is prioritized on frequency bands above 6GHz for deployment of private network, like industrial or enterprise scenarios. We think this is an important scenario to be supported.

Proposal 1 RAN2 to study the scenarios of CA based NR-U, EN-DC based NR-U, NR-DC based NR-U and SA based NR-U.

2.2 Potential impacts
The principle should be reuse LTE designs as much as possible. However, given the new scenarios, some potential impacts are identified:

RACH procedure

For both scenarios DC based NR-U and SA based NR-U, RACH procedure is needed to update for operating on unlicensed band. Currently, NR RACH procedure uses 4 steps procedure similar to LTE RACH procedure. Considering listen before talk (LBT) which is one of the regulatory requirement, it would require four LBTs for each steps which would be not acceptable for the performance. Therefore, the RACH procedure should be studied for the new scenarios for NR-U.

Proposal 2 RACH procedure should be studied for DC based NR-U and SA based NR-U.

Uplink data transmission
For uplink transmission, dynamic scheduling based uplink transmission and configured grant based uplink transmission (i.e., type 1 and type configured grant) are already supported in NR. With configured grant, UE can transmit data immediately without need to send SR for requiring the grant. Besides, considering LBT, configured grant can at least save 1 LBT procedure which reduce the uplink signalling.

In LTE feLAA, the concept of autonomous uplink access (AUL) is specified which aims to reduce the uplink data transmission latency and signalling overhead. NR-U can reuse most of the design principles for AUL in feLAA, such as much more flexible HARQ operation compared with SPS.
Proposal 3 NR-U should support uplink transmission on configured grant, similar design principles can be reused from LTE feLAA AUL.

DRX
For LTE LAA, DRX is used based on the CA DRX, which applies the same DRX configuration to all activated SCells. However, for NR-U, some enhancement can be studied for improving power efficiency considering both CA based NR-U and DC based NR-U.
For CA based NR-U, the impacts is that different serving cell may have different LBT results. Particularly, unlicensed SCell, UE may not always get the channel due to LBT when the UE in DRX active time. Monitoring PDCCH is this case would cause power consumption.

For DC based NR-U, since different CG uses different MAC entity, so there are two DRX configuration for each CG. For the CG operating on un-licensed band, there is no guarantee that the UE can be scheduled when the UE in active time. This means the DRX timers should be long enough so that the network can get to the UE when LBT is successful, however, long DRX timers may increase the power consumption which is not expected. Therefore, we need to consider a way which has good tradeoff between power consumption and performance.
Proposal 4 NR-U should discuss possible DRX enhancements to ensure both power saving and performance.

3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
RAN2 to study the scenarios of CA based NR-U, EN-DC based NR-U, NR-DC based NR-U and SA based NR-U.
Proposal 2
RACH procedure should be studied for DC based NR-U and SA based NR-U.
Proposal 3
NR-U should support uplink transmission on configured grant, similar design principles can be reused from LTE feLAA AUL.
Proposal 4
NR-U should discuss possible DRX enhancements to ensure both power saving and performance.
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