Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _Ref462817227]3GPP TSG-RAN WG2 Meeting#105bis	R2-1903376
Xi’an, China, 8th April – 12th April 2019	

Agenda Item:	11.2.2.2
Source:	Panasonic	
Title:	The Issues of Channel Occupancy Report in NR-U
Document for:	Discussion, Decision
Introduction
[bookmark: _Ref462918989]In RAN2#104, this issue was further discussed online while treating R2-1818069 (P3) [1]. At the time chairman thought we should come back to this issue later once channel occupancy measurement is better specified. 
	R2-1818069	Discussion on connected mode RRM measurement framework in NR-U	Samsung	discussion	R2-1815165
P1/P2
- 	Samsung proposes to have the RRM model figure in the TR. Chair wonders why as there is no change compared to 38300. 
- 	Panasonic think P2 is discussed in R1. 
- 	Mediatek think we assumed that for Idle LBT failure had no impact in R2. Could we make this assumption also for Connected mode? 
- 	IDT would like to not agree P2
- 	Chair: For the moment it seems RAN2 has no reason to assume that LBT impact to measurements would need to be taken into account in RAN2
P3
- 	Mediatek think we cannot agree to proposal 3 now, unless we know more what the CO measurement is.
- 	Chair: we can come back and discuss how the CO measurement is used once it is better specified.
 Confirm that NR RRM model (figure in 38.300) is reused for NR-U



In RAN1#96 meeting in Athens, the RSSI and channel occupancy report adopted in Rel-13 LTE-LAA were agreed as the baseline for the channel occupancy report in NR-U.
	Agreements: 
· At least the functionalities of Rel-13 LTE-LAA RSSI and channel occupancy reporting as a baseline should be supported
· FFS: 
· Enhanced RSSI metrics, for e.g., sub-band-level interference measurements in a wideband operation scenario
· Reporting of a new medium contention/load metric other than channel occupancy
· Any modification of the parameters of the Rel-15 SMTC for operation in unlicensed spectrum



As RAN1 already agree to use LTE-LAA channel occupancy report as the baseline for the channel occupancy report in NR-U, we think it is the time for RAN2 to come back to the discussion on how to use the channel occupancy report in NR-U. In this paper, we analyse the scenarios where we think chancel occupancy report is useful, and also point out the issues that we think channel occupancy cannot address. For those issues channel occupancy may not address, we further provide our views on how to address them. 

[bookmark: _Ref178064866]Discussion
Channel occupancy report in NR-U
In LTE-LAA, channel occupancy measurement of RSSI is conducted in order to know how congested a channel is, and it doesn’t matter whether the congestion is caused by the serving cells or other cells or even Wi-Fi nodes. In LTE-LAA the UE will be configured with an RSSI threshold, and will consider the channel is busy whenever UE detects an energy which is above the RSSI threshold. If the channel busy ratio is above a threshold (configured in event V1) in a certain period of time, UE will report the channel occupancy as well as the RSSI to the network. In LTE-LAA, the channel occupancy report can be used to trigger the SN node change (to other frequency). In NR-U, such channel occupancy report can then be used by the network to trigger the inter-frequency HO, if the channel occupancy is high and not caused by UE’s serving cells.
Observation 1: Channel occupancy report (as in LTE-LAA) together with RSSI can indicate how congested/busy a channel is because of whatever technology like LAA, NR-U, or Wi-Fi, and can be used by NR-U network to evaluate whether to handover the UE to anther frequency (licensed or unlicensed) or not.
Another usage of the channel occupancy report is that gNB can estimate how likely the UE will fail with UL LBT by analysing the channel occupancy report from the UE, and then gNB can configure the amount/density of UL resources (e.g., PUCCH/PRACH resources, configured grants, etc.) to the UE accordingly. 
Observation 2: Channel occupancy report can be used by gNB to estimate how likely the UE will fail with UL LBT, and gNB can adjust the amount/density of the configured UL resources to the UE based on such estimation.
Based on these observations, we think the channel occupancy metric should be used as the triggering condition for measurement reporting, so that the network can swiftly handover the UE to different frequencies, or adjust the configured UL resources to the UE, based on the channel occupancy report.
Proposal 1: Channel occupancy reporting in NR-U reuses the same triggering even (event V1) as in LTE-LAA to trigger the measurement reporting.
The metric reflecting the reduced RS samples


Figure 1. NR-U Cell B has higher availability than NR-U Cell A, but the channel occupancy report doesn’t reflect this.
[bookmark: _GoBack]Although channel occupancy report and the RSSI can facilitate the inter-frequency HO, it only shows the congestion level commonly applied among multiple RATs (LAA, NR-U and Wi-Fi). Further information is required to identify, for example, the congestion is caused by Wi-Fi or LAA, but not NR-U, in order to make better HO decision. Take the two cases in figure 1 for example, the channel occupancy report is similar between the left-hand side case and right-hand side case, as RSSI does not distinguish the source of RAT. However, it is better for UE to camp on Cell B as there is much less chance that the channel will be occupied by other RATs. In fact, a similar view can be also found in RAN1 feature lead’s summary report, as shown in the following. 
	Summary of company views on RRM measurements and metrics:

· RRM measurements (based on SS/PBCH blocks and/or CSI-RS) are performed only within configured RRM-DMTC
· Enhance RSSI measurements by introducing RSSI Type 1: the measured signals potentially transmitted from all devices belonging to the same or different operators/RATs. RSSI Type 2: the measured signals potentially transmitted from the devices not belonging to serving operator and the devices of other RATs
· Multiple DRSs (SSBs) within active downlink BWP could be used for RRM measurement
· Rel-13 LAA RSSI and channel occupancy framework is a baseline for NR-U
· Measurement and reporting of RSSI and Channel Occupancy is done per subband
· Channel load metric based on LBT success rate to reflect the ability of NR-U nodes to transmit on the medium



In addition, from NR-U RRM perspective, UE needs to know the resource availability of each NR-U cell. Take figure 2 for example, UE should consider that Cell B is better than Cell A, since clearly Cell B has much more resource available compared to Cell A, as Cell B is not affected by the Wi-Fi node, which may not be observed in UE’s channel occupancy report. In order to judge the service quality provided by a NR-U cell, the impact of other nodes at the gNB side needs to be taken into account, which may not be known from the channel occupancy report. Therefore, to facilitate HO decision, both "how congested the carrier is regardless of RAT (= channel occupancy report)" and "how much NR-U resource is available (= actual COTs) for the measured cell" should be reported to network.
Observation 3: Channel occupancy report including RSSI does show the generic congestion status of the carrier but does not show how much NR-U resource is available for the measured cell.
In order to identify the difference between cell A and cell B in figure 2, to reflect the availability difference of NR-U RS samples due to LBT failures in the cell quality is necessary and useful. In NR-U, SSB is measured as NR-U RS samples and would be sent in DRS. The DRS transmission reflects LBT. Therefore, if the carrier is more occupied by other systems or other cells than the measured cell, DRS availability is reduced and NR-U samples of the measured cell are also reduced. If the carrier is more occupied by the measured cell, DRS is fully available and NR-U samples of the measured cell are also fully available.
[image: ]
Figure 2. Wi-Fi node is hidden from UE but is impacting Cell A and reducing the availability of Cell A.

Based on the NR RRM model illustrated in Figure 9.2.4-1 in TS 38.300, the reduced RS samples by LBT for RSRP/RSRQ measurement can impact the NR RRM model in the following ways: 
Option 1: L1 filtering generates A1 (the output from L1 filtering) by linearly averaging only the RS samples where only LBT of the target cell's DRS is succeed. The judgement of LBT succeed is based on the L1 power threshold. In addition, how often DRS of the target cell is available (DRS availability information) is indicated together with A1.
Option 2: L1 filtering takes into account the reduced RS samples while generating A1 (the number of reduced RS samples affect the value of A1), i.e. if DRS is fully sent without failure of LBT, the value of A1 is high. If DRS/SSB is sent only seldom because of LBT failure, the value of A1 is low.
Option 3: L1 filtering doesn’t provide A1 to L3 or equivalently lowest measurement value may be given to L3 when L1 filtering is not able to measure RSRP/RSRQ using DRS because of LBT failure of the target cell.
Option 1 clearly has the direct impact to the RRC specification as the L3 component (e.g., L3 filtering, evaluation of report triggering) needs to consider how to utilize DRS availability. We believe some companies are currently working on this option in RAN1 as being pointed out in RAN1 chairman note (“FFS: Reporting of a new medium contention/load metric other than channel occupancy”) as well as in RAN1 feature lead’s summary report (“Channel load metric based on LBT success rate to reflect the ability of NR-U nodes to transmit on the medium”). Option 3 also has some impact to L3 as the L3 filtering needs to consider how to generate the output at the time when L1 filtering doesn’t provide A1. Option 2 might have the minimal impact to RRC and to the network, but it also provides less information compared to option 1 and 3. Also, as L1 filtering window length is generally short and uncontrollable by the network, depending on how often the DRS is sent, option 2 may or may not be reasonable.
Based on the above analysis, we think that the handing of reduced RS samples due to LBT failure could still impact L3 specifications, and it depends on which direction the physical layer design will head to. From UE upper layer or network perspective, option 1 provides the most information.
Proposal 2: RAN2 consider to introduce the mechanism utilizing the reduced RS sample information generated by L1 filtering.

Conclusion
In this paper, we analyse the usage of the channel occupancy report in NR-U, and further analyse the limitation of the channel occupancy report, which leads to the following observations. 
Observation 1: Channel occupancy report (as in LTE-LAA) together with RSSI can indicate how congested/busy a channel is because of whatever technology like LAA, NR-U, or Wi-Fi, and can be used by NR-U network to evaluate whether to handover the UE to anther frequency (licensed or unlicensed) or not.
Observation 2: Channel occupancy report can be used by gNB to estimate how likely the UE will fail with UL LBT, and gNB can adjust the amount/density of the configured UL resources to the UE based on such estimation.
Observation 3: Channel occupancy report including RSSI does show the generic congestion status of the carrier but does not show how much NR-U resource is available for the measured cell.
Based on the observations, RAN2 is kindly asked to discuss and approve the following proposals. 
Proposal 1: Channel occupancy reporting in NR-U reuses the same triggering even (event V1) as in LTE-LAA to trigger the measurement reporting.
Proposal 2: RAN2 consider to introduce the mechanism utilizing the reduced RS sample information generated by L1 filtering.
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