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1. Introduction

The following email discussion was agreed in RAN#105 with the intention to make progress on Connected mode measurements aspects of NR unlicensed:

[105#48][NR-U] Connected mode measurements (Qualcomm)


Intended outcome: Report, clarify agreements from SI, identify tentative “easy” agreements, and questions to be resolved


Deadline: Thursday 28/03/2019

This contribution will capture the company views on Connected mode measurements and provide way-forward proposals based on consensus or majority view. 

2. Background
During Rel-15 NR-U Study Item, RRM was discussed and the following related agreements were captured in the TR [1]:
Potential modifications to the measurement reporting quantities, to the measurement reporting triggers and to the condition used by the UE when delaying the time at which it applies a reconfiguration for mobility that are based at least on channel occupancy and RSSI should be studied.

For RRM, RLM, and mobility procedures, NR licensed specification in Rel-15 are considered as a baseline for NR-U. However, changes to these due to new physical layer design and LBT for the unlicensed operation can be introduced. These will support both synchronous and, except for LAA case, asynchronous deployments. 

The RRM and RLM framework for NR-U will also support multiple beam operation. The measurement of multiple beams in NR-U will use the framework in TS 38.300 Section 9.2.4 as a baseline and the measurement model captured in Figure 9.2.4-1 is also applicable for NR-U.

For UE measurements, it is assumed that recurring transmissions of SSB/PBCH and RMSI will be available with possibly reduced opportunities due to LBT. The NR licensed measurement framework (cell and beam quality derivation for RSRP, RSRQ, and SINR, filtering and combining multiple beams) is used as a baseline. The handling of missing measurements due to LBT are expected to be captured at physical layer specifications.

In addition to the existing measurement quantities, channel occupancy and RSSI, similar to adopted for LTE LAA, are considered useful. 

In unlicensed spectrum, multiple PLMNs from different operators can share the same channel and coordination between different operators may not happen. This may cause PCI collisions or confusion. As one possible solution, the gNBs can scan different frequencies to identify the PCIs of neighbour cells and use this information in setting the PCIs of their own cells in order to avoid PCI collisions. In addition, ANR can be used, as in NR licensed, to detect and solve PCI collision and confusion.

NR-U WID [2] has the following objectives within RAN2 scope that are relevant for Connected mode measurements:

RLM/RRM extensions for NR-U operation due to uncertain and reduced transmission opportunities for DL signals and channels due to LBT failure in line with agreements during the study phase (NR-U TR section 7.2.1.3.2), including configuring different DRS Measurement Time Configuration (DMTCs) for RRM and RLM respectively, identifying the set of RLM-RSs to measure, which set(s) are used for in-sync, out-of-sync evaluations, potential definition of a metric to accurately identify unsuccessful detection of RLM-RS. Support RSSI reporting. Define a metric to measure channel occupancy or medium contention and its corresponding reporting. (RAN1/RAN2)
Mobility: For non-standalone NR-U deployments, connected mode mobility is supported on licensed spectrum using the baseline mobility procedure specified for the concerned licensed radio access technology (LTE or NR). For standalone NR-U deployments, specify mechanisms for inter-cell handover between NR-U and NR-U, inter-cell handover between NR-U and NR, and Inter-RAT handover between NR-U and LTE (connected to either EPC of 5GC). Extensions of mobility-related measurement reporting for unlicensed operation including channel occupancy indication and RSSI measurements.

RAN1 had two meetings (RAN1#1901 Ad-hoc and RAN1#96) and made agreements on including physical layer signals and access mechanisms. The ones which can impact Connected mode measurements are listed in Annex A.
RAN1 also had the following conclusions during the Study Item on high level design of SSB and CSI-RS which can be considered as baseline agreements:
For PSS/SSS/PBCH transmission, NR-U should have a signal that contains at least SS/PBCH block burst set transmission. The design of this signal should consider the following characteristics specific to unlicensed band operation:

-
There are no gaps within the time span the signal is transmitted at least within a beam

-
The occupied channel bandwidth is satisfied (although this may not be a requirement)

-
Strive to minimize the channel occupancy time of the signal

-
Characteristics that may facilitate fast channel access

Inclusion of the CSI-RS and RMSI-CORESET(s)+PDSCH(s) (carrying RMSI) associated with SS/PBCH block(s) in addition to the SS/PBCH burst set in one contiguous burst (referred to as the NR-U DRS) can be beneficial for

-
Meeting OCB requirement

-
Compacting signals in time domain to limit the required number of channel access and for short channel occupancy

-
Support of stand-alone NR-U deployments

-
Support of automatic neighbour relations (ANR) functionality in an NR-U deployment 

-
Resolution of PCI confusion in an NR-U deployment

The transmission of additional signals such as OSI and paging within the NR-U DRS is allowed and can be beneficial.

Support of Pattern 1 is recommended for multiplexing of SS/PBCH block(s) and CORESET(s)#0 in NR-U, where Pattern 1 is understood as CORESET#0 and an SS/PBCH block occuring in different time instances, and the CORESET#0 bandwidth overlaping with the transmission bandwidth of the SS/PBCH block.
For SS/PBCH block transmission, it is recommended to define a mechanism to transmit SS/PBCH blocks dropped due to LBT failure. It is also recommended to define a mechanism when specifications are developed for UE(s) to determine the frame timing and QCL assumptions from the detected SS/PBCH block. The feasibility and benefits of beam repetition for soft combining reception of SSBs within the same DRS transmission may be further considered.

For SS/PBCH block transmissions as part of DRS, it is considered beneficial to expand the maximum number of candidate SS/PBCH block positions within the DRS transmission window to Y, for e.g., Y ≤ 64, where the choice of Y may depend on the numerology of the SS/PBCH blocks. The transmitted SS/PBCH blocks do not overlap and the maximum number of transmitted SS/PBCH blocks is X within DRS transmission window with X ≤ 8. The time-domain positions of the actually transmitted SS/PBCH blocks are selected from a set of Y candidate SS/PBCH block positions. Proposals for shift granularity between candidate time domain SSB positions/candidate groups of SSBs, duration of DRS transmission window, and duration of the transmitted DRS within the window including SSBs and other multiplexed signals/channels, were discussed without reaching consensus, and can be considered further when specifications are developed.  
3. Discussion
Based on the RAN1 agreements, the SSB transmissions for NR-U will happen in an SMTC (or DMTC) window with a given periodicity as in Rel-15 NR. The main difference for NR-U is that the transmissions can start only after LBT (Cat 2 or Cat4 depending on DRS duration and periodicity as captured in the TR) passes and, in some cases, they can be completely dropped due to LBT failure. The main impact on measurements is, unlike licensed NR, that the UE may not have a valid measurement sample at every SSB occasion. We note that RAN1 is also considering other enhancements such as repetitions of SSBs which may have some RAN2 impact but this can only be evaluated after there are clear RAN1 agreements.
The issue of missing SSB measurements was also discussed by RAN2 during the Study Item within the context of Idle mode measurements. It was concluded that the handling of missing measurements should be done at the physical layer and should not impact L3 filtering, which was captured in the TR as “The impact of LBT on Idle/Inactive measurement is not captured in RAN2 specifications.”. Since RAN2 has also decided that Connected and Idle mode measurements will follow the same Rel-15 NR framework, it would be beneficial to confirm this in more detail.

Question 1: Do you agree that handling of missing SSB measurements due to LBT failures are only handled at L1 filtering but not in L3 filtering and the subsequent steps (after A1 in 38.300 Figure 9.2.4-1)?
	Company
	Response
	Additional Comments

	vivo
	
	Up to RAN1 to decide

	Fujitsu
	Yes
	Handling of missing SSB measurements due to LBT failures are only handled at L1 filtering but not in L3 filtering.

	ZTE
	Yes (both for SSB and CSI-RS based measurements)
	Although the question is only about SSB, the measurements can either be based on SSB or CSI-RS and for both cases similar considerations should be applied.

Then, it should be noted that the input rate for the L3 filtering is implementation dependent. So, if some samples of SSB or CSI-RS are missing in between due to the LBT failure in DL, then the UE’s L1 can take this into account in appropriately generating the sample or changing the input rate (both of which are implementation dependent). Based on this, we think the L3 filtering can be made totally transparent to the LBT failures in DL and can be left to UE implementation. 

Of course, there may be some discussion needed with regards to performance requirements for measurements based on some missing samples in L1 due to LBT, but such discussion can be left to RAN4. 

	Intel 
	Yes
	Same as LAA where the RRM measurement is not affected by the missing SSB samples.  L1 filtering, like in LAA is left to the UE implementation. RAN1 is also discussing on how to define a new mechanism to transmit missing DRS within a DRS window.  This will help to some extent mitigate the possibility of missing SSB in a DRS window.

	MediaTek
	Yes
	

	Nokia
	Yes
	Though the UE cannot detect in a reliable manner if a missing SSB is due to LBT or to some other reason, it is our understanding that in any case L1 takes care of filtering out the missing samples, while the L3 filter is adapted such that the time characteristics of the L3 filter are preserved at different input rates (as supported in current specifications). 

	InterDigital
	There is no change needed to current L3 filtering specification
	The intention of the question is a bit unclear. As explained by ZTE and Nokia, it is already specified that L3 filter is supposed to be adapted to different input rates. Therefore, L3 filtering is supposed to “handle” the missing measurements and the answer to the question should therefore be “No”.
If the question would be “do you agree that no change to specification is required for L3 filtering, due to missing samples”, our answer would be Yes.

	Huawei
	Yes
	L1 will not provide invalid beam-level samples to RRC due to LBT failure for RS transmission.

	LG
	Yes
	

	Ericsson
	Yes
	

	OPPO
	Yes
	We agree that no change to specification for L3 filtering, due to missing samples.  Actually, RAN1 is discussing how to improve the case when RS is blocked by LBT, and we think it can leave it to RAN1.

	Panasonic
	Too early to answer 
	The missing SSB measurements is handled by L1 filtering first. But whether it has impact to L3 filtering depends how L1 filtering handles the missing SSB measurement, and there could be 3 possibilities. 

1) L1 filtering reflects the missing measurements in the output (e.g., more missing measurements will result in smaller value of the output). In this case no impact to L3 filtering. 

2) L1 filtering’s output rate is based on the missing measurements (e.g., more missing measurement will result in lower output rate). In this case, L3 filtering’s input rate could vary greatly compared to LTE/NR licensed band. A very low input rate could mean the measured cell is not reliable, which RRM model needs to take into account. 

3) L1 filtering generates not only the measurement result but also the accuracy indicator based on the number of missing measurements. In this case, L3 filtering needs to consider whether to or how to utilize the accuracy indicator. 

	Charter Communications
	Yes
	Handling of missing SSB measurements due to unsuccessful LBT is better to be done in L1. Also given ongoing RAN1 discussion for transmission of missing SSB, the L1 handling would be more straightforward with least spec impact.

	Qualcomm
	Yes
	Agree to keep the Study Item agreement.


Conclusion: Out of 14 companies, 11 of them agree that missing RS should not impact L3 and thus prefer to keep the corresponding Study Item conclusion. One company thinks that RAN1 should decide this. One company thinks that RAN1 decision on L1 filtering can impact this. One company didn’t understand the question but seems to agree with the majority.
Proposal  1: Missing SSB measurements due to LBT failures do not impact L3 filtering and the subsequent steps.
A similar question is applicable to the case of SSBs delayed due to LBT. RAN1 is expected to “to expand the maximum number of candidate SSB positions within DRS transmission window” to allow more opportunities for SSB transmissions when channel access is delayed due to LBT. Thus, SSBs can still be transmitted in SMTC but not at the same location across different SMTC windows. This is in contrast to Rel-15 NR where SSB positions are fixed. From RAN2 side, it would also be good to confirm that handling of these delayed SSB signals are also transparent to upper layers.
Question 2: Do you agree that handling of delayed SSB due to LBT are also handled by L1 only and transparent to L3?

	Company
	Response
	Additional Comments

	vivo
	Yes
	

	Fujitsu
	Yes
	Delayed SSBs due to LBT are handled by L1 only and transparent to L3.

	ZTE
	Yes
	The positions of SSB and CSI-RS are transparent to L3 filtering today and this should be kept like this. There is enough flexibility in L1 filtering to take into account any missing samples due to DL LBT failure (either by considering this in generation of L1 sample or by changing the input filtering rate – both of which are left to UE implementation today). 

	Intel
	Yes
	

	MediaTek
	Yes
	

	Nokia
	Yes
	

	InterDigital
	Same as Q1
	

	Huawei
	Yes
	

	LG
	Yes
	

	Ericsson
	Yes
	

	OPPO
	Yes
	

	Panasonic
	Yes
	

	Charter Communications
	Yes
	

	Qualcomm
	Yes
	


Conclusion: Out of 14 companies, 13 of them agree that delayed SSB should not impact L3. The same company in Q1 also did not understand this question.
Proposal  2: Handling of delayed SSB transmissions due to LBT does not impact L3.
The missing SSB due to LBT also impact RLM. RAN1 is also discussing this and agreed to the following in RAN1#96:

· An RLM measurement window for serving cell RLM measurements based on SSBs in the DRS is supported for in-sync and out-of-sync evaluations.

· FFS: How RLM measurement window is indicated or determined and relation to DRS transmission window

· FFS: Whether or not an SSB can fall outside the measurement window and, if so, whether it can be used for in-sync and out-of-sync evaluations.

· FFS: Any relationship of RLM measurements based on CSI-RS to the measurement window.

· FFS: Mechanism to handle missing RLM-RS due to LBT failure

There were many contributions in RAN2#105 on this issue. Since in-sync (IS) and out-of-sync (OOS) are defined in RAN1 specifications, it is rapporteur’s opinion that RAN2 should not discuss whether missing RLM-RS should be considered as OOS or not. However, RAN2 can express opinion on whether missing RLM-RS for a long duration (similar to persistent UL LBT failures) should have a separate handling at upper layers. This could only be a different RLF cause or a separate counting of such failures based on L1 indication (for example, OOS and missing sample).
Question 3: Should a new mechanism for missing RLM-RS be defined at upper layers and if so how? Please also list different UE behaviour, if any, due to RLF caused by this.
	Company
	Response
	Additional Comments

	vivo
	Yes 
	Indication for missing reference signal is necessary from Phy.

	Fujitsu
	Yes
	A new mechanism for missing RLM-RS should be defined at upper layer, for example, a separate counting on L1 indications for missing sample. Based on these, RLF is declared. In this case, the UE can consider the frequency RLF occurs with lower priority for cell reselection.

	ZTE 
	Yes
	In general, it is possible to exclude those instances where the RLM-RS is not detected from IS/OOS reporting. It should be noted that the RLM filtering mechanism is designed to be not affected by absence of some IS/OOS indications from the L1. 

However, there is a need for additional mechanisms to trigger RLF if the IS/OOS indications are missing for a prolonged period of time (due to persistent DL LBT failures). For this case, the network should configure a threshold for number of consecutive DL LBT failures detected in a given period of time and if this is exceeded, the UE should trigger reestablishment procedure. 



	Intel
	Wait for RAN1
	As in the RAN1 agreement, it is still a FFS on whether a mechanism is possible to handle missing RLM-RS due to LBT. Hence RAN1 is yet to decide whether missing RLM-RS can be detected. 

Assuming missing RLM-RS is detectable, there are 2 approaches to handle such case:

1. During the evaluation period, the IS and OOS evaluation of RLM-RS resource should take into consideration of missing RLM-RS resource samples.  The followings are ways to take missing RLM-RS resource samples into consideration during the evaluation period:

· If missing RLM-RS resource samples can be detected by L1 (e.g. by energy detection or new BLER threshold for missing RS), the evaluation for the configured RLM-RS resource will not consider those samples in the evaluation. 
· Alternatively, instead of skipping, the evaluation should still consider those samples but provide some weightage to the missing sample. This can be discussed in RAN4 whether these alternatives can be considered.

2. To introduce a new assessment criteria based on missing RLM-RS resource. This can be done by, e.g. 

Assessing the number of configured RLM-RS resources affected by missing RLM-RS resource sample; if it is above a certain number (configured threshold), the L1 also sends missing RS indication to RRC

RRC counts the number of consecutive of such missing RS indication and can use it either with or without considering the number of IS indications and OOS indications to declare RLF for Pcell/PSCell and perform re-establishment or initiate a report to network which can be used by the network to change the BWP of the PCell/PSCell or even change the Pcell/PSCell.

	MediaTek
	May Be
	We agree that RAN2 should not discuss IS/OOS. It is not clear if RLM-RS can go missing for a long duration (because of different types of LBT may be involved). We think RAN2 need to wait for further input from RAN1 before progressing in RAN2.

	Nokia
	No
	Missing RLM-RS should be considered in the OOS evaluation and eventually result in triggering RLF (e.g. by starting timer T310). However, this can be achieved without introducing a new mechanism at upper layers.

	InterDigital
	Yes
	Assuming an indication of missing RLM-RS samples is available from PHY (pending RAN1 progress), reception of multiple such indications should trigger a recovery action. This should be specified in RRC.

	Huawei
	Yes or No
	The UE can considers all unsuccessful RLM-RS detection including missing RLM-RS as OOS; or separate timer/counter for unsuccessful RLM-RS detection due to failed LBT be defined. 

	LG
	Yes
	If OOS indication is reported from physical layer whenever RLM-RS cannot be transmitted due to LBT failure, UE will declare unsuitable RLF frequently. So, from RAN2 perspective, UE should be able to distinguish whether RLM-RS is transmitted or not with reasonable accuracy to avoid severe performance degradation due to false RLF. 

	Ericsson
	Possibly
	The detection of reference signals may have a separate timer, started/restarted when a DRS is detected, and if it expires, RLF is declared. Alternatively, missing DRS can be counted into OOS in phy layer.

	OPPO
	Yes
	RAN1 is currently discussing whether a new metric is needed or not to accurately identify instances of unsuccessful detection of RLM-RS. If such new metric is introduced in RAN1, we think new mechanism is needed in higher layer, e.g., how to count the new metric and what's the impacts on the current OOS/IS counting in RRC?

	Panasonic
	Wait for RAN1
	If phy counts missing RLM-RS as OOS, no need to define a new mechanism at upper layers. But if not, there could be a need to define a new mechanism. 

	Charter Communications
	Yes
	Yes, but wait for RAN1 as the listed options are FFS.

	Qualcomm
	Maybe
	If RAN1 does not define a mechanism for this within the existing RLM, RAN2 can consider this.


Conclusion: Out of 14 companies, 7 of them want to define a new mechanism for missing RLM-RS at upper layers. The rest either want to wait for RAN1 conclusion on existing RLM mechanism (e.g. whether such RLM-RS are incorporated in the existing RLM framework) or do not have a strong preference. Since there is no majority at this point, RAN2 can revisit this after RAN1 conclusion on RLM.
Proposal  3: A new mechanism for missing RLM-RS may be defined at upper layers but RAN2 should wait for RAN1 conclusion on this issue. 

Another major difference between unlicensed and licensed spectrum is the uncontrolled interference which may be due cells belonging to other operators and other technologies. To assess such interference, LTE LAA has introduced UE reporting of RSSI and channel occupancy. For NR-U, RAN1#96 agreed that these LTE LAA measurements will be the baseline and the following enhancements are 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

The introduction of additional channel interference metrics can be left to RAN1. From RAN2 perspective, their reporting can be discussed. 
In LTE LAA, RSSI is measured over an interval and reported periodically. Its measurement is configured by the following IE:

RMTC-Config-r13 ::=
CHOICE {


release







NULL,


setup







SEQUENCE {



rmtc-Period-r13




ENUMERATED {ms40, ms80, ms160, ms320, ms640},



rmtc-SubframeOffset-r13


INTEGER(0..639)




OPTIONAL,

-- Need ON



measDuration-r13



ENUMERATED {sym1, sym14, sym28, sym42, sym70},



...


}

}

It would be good to confirm that the configuration and reporting used in LTE LAA can also be used as a baseline for NR-U. We note that RAN1 is also considering sub-band measurements and reporting and, if RAN1 concludes so, the RRC configuration can be modified to accommodate that.
Additional usages of these metrics (event triggers, S-measure, conditional handover etc.) should be discussed separately based on contributions since these were contentious topics during the Study Item and expected to be so during the WI and the goal here is to go for “easy agreements” per the email discussion guideline.
Question 4: Can LTE LAA RSSI and Channel Occupancy configuration and reporting, in particular measurements over an interval and periodical reporting, can be taken as a baseline for NR-U ? 

	Company
	Response
	Additional Comments

	vivo
	Yes
	

	Fujitsu
	Yes
	LTE LAA RSSI and Channel Occupancy configuration and reporting can be taken as a baseline for NR-U.

	ZTE
	Yes
	Event triggered reporting for RSSI and channel occupancy can be introduced

	Intel
	Wait for RAN1
	I am not sure we can follow the LTE LAA as baseline for the RSSI configuration.  It can be a bitmap pattern like in NR for RSSI measurement.

	MediaTek
	Yes
	RSSI and Channel Occupancy is important, as some un-licensed cells can be heavily loaded with many un-licensed nodes (e.g. WLANs). So, apart from RSRP and RSRQ, Channel Occupancy also needs to be considered for connected mode measurements.

	Nokia
	Yes
	Our understanding that this has been agreed by RAN1 at the last meeting.

	InterDigital
	Yes
	Some differences exist, e.g. unlike LTE where a measObject is associated to one single carrier frequency, measurement objects in NR are associated to the frequency of the reference signals (SSB or CSI-RS). 
It may also be necessary to define over which bandwidth the RSSI is evaluated and how it is indicated to the UE depending on the outcome of RAN1 discussion on RSSI per sub-band.

	Huawei
	Yes
	Periodic RSSI reporting can be supported for NR-U

	LG
	Yes
	But we don’t need to preclude any enhancements at this stage.

	Ericsson
	Yes
	

	OPPO
	Yes
	

	Panasonic
	Yes
	

	Charter Communications
	Wait for RAN1
	Yes, but based on above agreement “a new medium contention/load metric other than channel occupancy” needs to be used, which might impact RSSI and channel load/occupancy reporting.

	Qualcomm
	Yes
	


Conclusion: Out of 14 companies, 12 of them prefer using LTE LAA RSSI and Channel Occupancy as a baseline. Two companies prefer to wait for RAN1; one of them thinks that the reporting could be a bitmap while the second one thinks that new channel load metrics, if introduced, can impact the reporting of RSSI and Channel Occupancy. The rapporteur thinks that, if new channel load metrics are introduced either by RAN1 or RAN2, their configuration reporting can be discussed separately. Since RAN1 also agreed to use LAA metrics as a baseline, there seems to be no strong reason not to do the same in RAN2.
Proposal 4: LTE LAA RSSI and Channel Occupancy configuration and reporting, in particular measurements over an interval and periodical reporting,  are used as a baseline for NR-U.
RSSI (and Channel Occupancy) as defined in LTE LAA may not correlate with the actual external interference in the medium. For example, high RSSI could be due to the serving cell being loaded. Furthermore, a high RSSI does not necessarily cause LBT failures if the nodes are within detection threshold and follow back-off and good co-existence mechanisms. Therefore, RAN1 is considering “a new medium contention/load metric other than channel occupancy”. From RAN2 side, such metrics can also be considered at MAC layer. For example, it was observed in R2-1901744 (Ericsson) that UE reporting of LBT failures can be beneficial for gNB resource management. It would be good to collect other proposals here and see if there is consensus on any.
Question 5: Please list any other NR-U contention/load/interference metric other than RSSI and Channel Occupancy with justification on its usefulness. 

	Company
	Response
	Additional Comments

	Fujitsu 
	Ratio for LBT failure
	We agree that UE reporting of LBT results can be beneficial for gNB resource management.

	ZTE
	
	Configuration parameters needed to detect consistent DLLBT failure (i.e. missing RLM-RS). 

	Intel
	Wait for RAN1
	There is an already a FFS in RAN1 for considering of new metrics

	MediaTek
	WLAN Channel Utilization
	As un-licensed channels can be occupied by many WLAN nodes, WLAN Channel Utilization is also likely to play a major role in connected mode measurements. WLAN channel utilization is readily available in most UEs.

	Nokia
	No additional metric is needed
	For the scope of assisting the network in channel selection, we believe RSSI and CO metrics introduced for LAA are enough. 

	InterDigital
	LBT failures
	As described in the text before Q5.

	Huawei
	None
	We don’t think any other metrics are needed

	LG
	Measurement for medium contention based on how often the busy period appears
	The channelOccupancy only reflects the percentage of the aggregated busy period, which is affected not only by the medium contention level but also by the average frame duration of the nodes. Thus, even if the channelOccupancy values for two carriers are measured at the same value, the actual medium contention levels of the two carriers could be completely different. 
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Figure 1

Figure 1 shows an example of the measurement for two different carriers when there are 50 samples within the reportInterval. Since 30 busy samples are observed in 50 samples for both carriers, the channelOccupancy of both carriers are equally measured at 60%. However, the medium contention situation of Carrier 1 and Carrier 2 is completely different. With more contending nodes, the medium contention becomes severer, the busy period appears more frequently, and the average length of the idle period becomes shorter. Considering these points, the medium contention in Carrier 2 is much severer than Carrier 1 and we need to define a new metric to measure the medium contention level based on how often the busy period appears.

	Ericsson
	UE experienced LBT
	Helps gNB resource management (manage number of UEs per cell, cells for carrier aggregation or dual connectivity etc.). 

	OPPO
	No
	We can wait for RAN1 progress

	Panasonic
	DRS availability
	For each measured cell, the DRS availability (based on how many DRS can be observed in a given time interval) can be measured and report to the network.

	Charter Communications
	E.g. DRS/SSB availability
	We should wait for RAN1 decision on this. Methods like DRS/SSB availability (of neighboring cells), or UE experienced LBT as suggested by Ericsson would be less power-consuming for UEs. 

	Qualcomm
	Maybe
	RAN2 can consider UL LBT failures. For others, we can wait for RAN1 progress


Conclusion: Out of 13 companies, 7 of them think that new metrics based on UL LBT and/or DL DRS availability can be considered. One company suggests the count of busy periods within a time interval while one company suggest using the WLAN channel utilizations. Twi companies think no new metrics are needed while two other companies prefer waiting for RAN1 progress.
Since there is a slight majority who prefer to consider LBT failures and there is an ongoing email discussion on LBT impacts on MAC, this can be discussed together.
Proposal 5: A channel metric based on LBT failures can be discussed along with UL LBT based RLF.
One of the main interference sources in some NR-U bands could be due to existing WLAN deployments. In Rel-13 LTE-WLAN Aggregation (LWA), the measurement and reporting of WLAN nodes were introduced. This measurement was introduced as a separate UE capability where LAA UEs can also use them in order to help eNB assessment of WiFi interference. R2-1900246 (Mediatek) proposes to have a similar WLAN measurement for NR-U in cases where both technologies operate in the same band and location.

Question 6: Should UE measurements and reporting of WLAN nodes be supported for NR-U? 

	Company
	Response
	Additional Comments

	vivo
	No
	We do not think there is any use case in Rel-16 to report WiFi measurement.

	Fujitsu
	No 
	We don’t see the need to differentiate the interference from WiFi or NR or other system for NR-U.
As indicated by Rapporteur, the measurement and reporting of WLAN nodes were introduced for WLAN/LTE interworking in Rel-13. We don’t need to support WLAN measurements since interworking between WLAN and NR-U is not required, even both technologies operate in the same band/location.

	ZTE
	No
	This is not necessary for Rel-16

	Intel
	No
	It should be introduced only when NR-WLAN aggregation is introduced. In addition, from NR-u point of view, other than energy detection for LBT, we do not see it within the WI scope to discuss any channel detection or decoding for WLAN.

	MediaTek
	Yes
	As we mentioned in our response to Question 5, un-licensed channels can be occupied by many WLAN nodes. These WLAN nodes can create heavy interference to NR-U UEs, even when NR-WLAN aggregation is not introduced. Hence, NR-U UEs should support WLAN measurements to capture report WLAN channel load (utilization) to NR-U gNB.



	Nokia
	No
	This is an optimization and not a necessary function. Also, in Rel-13 such measurements were mainly introduced to support LTE-WLAN aggregation, i.e. to allow the network to identify the WLAN nodes that are eligible for aggregation with LTE. As NR-WLAN aggregation is not in the scope of the NR-U WI, we see no need to introduce these measurements in NR-U. 

	InterDigital
	No
	Agree with Intel and Nokia

	Huawei
	No
	We don’t think UE measurements and report of WiFi nodes are needed.

	LG
	No
	Not needed.

	Ericsson
	No
	We prefer technology agnostic measurements. 

	OPPO
	No
	No strong motivation to do so.

	Panasonic
	No
	Not clear about the use case in NR-U.

	Charter Communications
	No
	Adds complexity beyond a simple PHY measurement (e.g. it’d require reading the MAC header etc.). The added coexistence benefits should be quantified before agreeing to such measurements.  


Conclusion: Out of 13 companies, 12 of them do not want to consider measurements and reporting of WLAN nodes. 
Proposal 6: Measurement and reporting of WLAN nodes are not supported in NR-U.
Per Study Item agreements, Rel-15 NR RRM is the baseline. As such, all the events can be adopted for NR-U. It would also be good to check if any modifications or additions are needed.

One issue which was identified in the RRM email discussion during the Study Item (R2-1810323) was the possible need for measurement gap enhancements to handle missing RS measurements from neighbours. However, the discussion on measurement gaps is traditionally initiated by RAN4 and thus RAN2 can wait for that discussion and RAN2 can focus on other enhancements (e.g. new events, reporting configuration).
Question 7: Do you foresee any enhancements/modifications needed for measurement configuration and reporting? If so, please list them with justification.

	Company
	Response
	Additional Comments

	vivo
	No 
	Current measurement and reporting is sufficient. RSSI and CO measurement result can be piggybacked with RSRP and RSRQ reporting.

	ZTE
	No
	

	Intel
	Yes
	Measurement gap enhancement is needed to handle asynchronous deployment. However, we agree with the rapporteur that it should be initiated by RAN4 and also dependent on the DRS DMTC design.

We also think that event triggered reporting for RSSI and channel occupancy can be introduced, but like what the rapporteur said can be discussed separately by contributions.

	MediaTek
	No
	We think the existing events are sufficient for NR-U. RSSI / Channel occupancy and WLAN measurements can be configured using the same events, albeit with different report-configuration parameters.

	Nokia
	Yes
	In the measurement gap configuration additional considerations are needed to support reliable measurements of unsynchronized neighboring NR-U cells. 

	InterDigital
	Yes
	Measurement report events should also allow channel load metrics as triggering criteria on top of RSRP/RSRQ in order to allow reporting when e.g. the channel load becomes higher than a threshold.

	Huawei
	No
	RAN2 to discuss the applicability of existing measurements first before any additional measurement configuration or reporting.  

	LG
	Yes
	The event based reporting should be supported at least for the channel occupancy measurement. Unlike LTE LAA, NR-U supports standalone scenario. UE should be able to report the measurement results when PCell frequency becomes worse than a threshold.

	Ericsson
	Yes
	Unsynched networks may need sliding measurement gaps.

Possibly we might add reporting of PCI/PLMN of cells, especially when PLMN does not belong to the same operator so that PCI collisions can be indicated.

	OPPO
	No
	For the measurement gap, we agree with Rapporteur that it should firstly be discussed in RAN4, and RAN2 can wait.

For other possible enhancements, we prefer to firstly evaluate the baseline, then we can discuss any enhancements are needed on top of it.

	Panasonic
	Yes
	Event-based reporting for the channel occupancy measurement or the new metric mentioned in Q5.

	Charter Communications
	Yes
	PCI reporting. Possible PCI collision report.   


Conclusion: Out of 13 companies, 5 of them think that no enhancements to measurement configuration and reporting are needed. 3 companies propose to define new events based on channel load metrics. 2 companies suggest reporting which can help with resolution of PCI collision and confusion. 2 companies mention measurement gap enhancements but, as stated before the question, this should be RAN1 driven.

Since there were no enhancements which were favoured by a majority, the discussion on measurement configuration and enhancements can be based on company contributions.

Proposal 7 : Enhancements/modifications for measurement configuration and reporting are not identified at this stage and further discussions can continue based on contributions.
4. Conclusion and Proposals
Based on the feedback provided by companies, the following are observed and proposed:
Proposal  1: Missing SSB measurements due to LBT failures do not impact L3 filtering and the subsequent steps.
Proposal  2: Handling of delayed SSB transmissions due to LBT does not impact L3.
Proposal  3: A new mechanism for missing RLM-RS may be defined at upper layers but RAN2 should wait for RAN1 conclusion on this issue.
Proposal 4: LTE LAA RSSI and Channel Occupancy configuration and reporting, in particular measurements over an interval and periodical reporting,  are used as a baseline for NR-U.
Proposal 5: A channel metric based on LBT failures can be discussed along with UL LBT based RLF.
Proposal 6: Measurement and reporting of WLAN nodes are not supported in NR-U.
Proposal 7 : Enhancements/modifications for measurement configuration and reporting are not identified at this stage and further discussions can continue based on contributions.
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Annex A: RAN1 WI agreements relevant for RRM
RAN1#AH1901 Agreements

Agreement: 

· UE assumes 30KHz SCS for SS/PBCH block for 5GHz band and 6GHz band if the SCS is not indicated by higher layers.

· Support configuration by higher layers of 15KHz or 30KHz SCS for SS/PBCH block

· Include this agreement in a LS to RAN4 (cc RAN2) for inclusion in specs managed by RAN4 

Conclusion:

No changes are required to the time and frequency position of the PSS/SSS/PBCH relative to each other in one PSS/SSS/PBCH block.

Agreement:
· For wideband operation in DL with a single serving cell operation within a carrier with bandwidth larger than 20 MHz
· Multiple BWPs can be configured, single BWP activated, gNB may transmit PDSCH on parts or whole of single active BWP where CCA is successful at gNB (i.e., option 2 and 3 from previous agreement)

· FFS: Restrictions on supportable gaps and combinations of gaps between discontiguous blocks where 

· each block spans contiguous (one or) multiple successful LBT sub-bands

· each gap spans one or multiple contiguous unsuccessful LBT sub-bands

· FFS: Transmission bandwidth adaptation delay, potentially different delay for e.g., different number of supported gaps, different transmission bandwidths and different positions of the LBT sub-bands where transmissions occur

· FFS: Limit on the occupied LBT sub-bands due to regulation and coexistence considerations (not intended to imply that regulation and coexistence considerations will not be addressed)

· FFS: Whether/how to indicate gNB’s transmitted LBT sub-bands

· FFS: Enhancements to PDCCH/PDSCH configuration/transmission for the parts of BWP where gNB does not transmit due to CCA failure

· Send LS to RAN4 to inform above decision with the description that RAN1 requires RAN4’s feedback on the first three FFS parts in addition to what was requested in earlier LSs.

Agreement:
· The UE may assume the presence of a signal, such as the DMRS in any [PDCCH or GC-PDCCH] transmission, to detect transmission bursts by the serving gNB, to enable power saving by not necessitating performing blind decodes to detect the transmission burst (Note: The power saving possibility by not necessitating blind decodes assumes performance relaxation for PDCCH decoding is not needed. Also, this does not mandate a two-step PDCCH decoding process for the UE with respect to DMRS detection).
· If a preamble transmitted at the start of a burst is agreed to be specified (this does not preclude usage of preambles by implementation), it may be used in addition to the DMRS of PDCCH/GC-PDCCH or any other signals in the gNB transmission to detect the start of transmission bursts by the serving gNB and potentially for power saving

· Note: Whether a preamble, if defined, can be used for power saving in all cases depends on the details of the design.

· Note: Other signals present in the transmission burst may also be used for the purpose of detection of the transmission burst

· FFS: Potential enhancements to DMRS design to address issues with detection probability

· The payload of a PDCCH and/or GC-PDCCH transmission can contain information regarding COT structure that may be used by the UE for power saving 

Agreement:
Operation with multiple active BWPs for a carrier on unlicensed bands is not supported for DL or UL at least in Rel-16 NR-U WI.

· Inform RAN2 of this decision

RAN1#96 Agreements

Agreement:
· Down-select from the following options for SSB pattern (symbol index starts at 0)
· Option 1: SSBs are at symbols (2,3,4,5) and (8,9,10,11) in the slot

· Option 2: SSBs are at symbols (2,3,4,5) and (9,10,11,12) in the slot

· The down-selected pattern applies no matter if SSB SCS is indicated by higher layer or not, and no matter if RMSI is transmitted or not.

Agreement:
· The SCS for all SSBs and Coreset #0 on a carrier is always the same for operation of NR in unlicensed spectrum.

· CORESET #0 frequency domain resource configuration should be 48 RBs for 30KHz SCS and 96 RBs for 15KHz SCS.
Agreement:
For initiation of a gNB transmission:

· LBT other than Cat 4 is not used for DRS multiplexed with unicast data

· LBT other than Cat 4 is not used for PDCCH and/or PDSCH transmission outside of DRS.

Note:

· This does not preclude the use of Cat 2 for transmission on a LBT bandwidth if it is allowed for the case of transmission on multiple LBT bandwidths

Agreement:
LBT other than Cat4 is not considered for UL transmissions that are part of a RACH procedure that initiate a channel occupancy

· Note: This does not preclude the use of Cat 2 for transmission on a LBT bandwidth if it is allowed for the case of transmission on multiple LBT bandwidths

Agreement:
· 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

Agreement:
· For a given cell, UE may assume SS/PBCH blocks in the same candidate position within the DRS transmission window are QCL across DRS transmission windows

· Alt1: The PBCH DMRS sequence index is also the same

· Alt2: The PBCH DMRS sequence index may be different

· Note: The first candidate position of the DRS transmission window is located at the first half slot of a half frame

· FFS: QCL assumption for SSBs in different candidate positions within a DRS transmission window and across DRS transmission windows

Agreement:
· An RLM measurement window for serving cell RLM measurements based on SSBs in the DRS is supported for in-sync and out-of-sync evaluations.

· FFS: How RLM measurement window is indicated or determined and relation to DRS transmission window

· FFS: Whether or not an SSB can fall outside the measurement window and, if so, whether it can be used for in-sync and out-of-sync evaluations.

· FFS: Any relationship of RLM measurements based on CSI-RS to the measurement window.

· FFS: Mechanism to handle missing RLM-RS due to LBT failure

3GPP


