3GPP TSG-RAN2#105bis
R2-1904616
Xian, China, April 8-12, 2019


Agenda item:
11.2.2.2
Source: 

Qualcomm Incorporated
Title: 
RRM procedures for NR-U
Document for:
Discussion and Decision
1. Introduction
RRM aspects of NR-U were discussed during the NR-U Study Item and the following abbreviated conclusions were reached:

· For RRM 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.

· 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.
· 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. 

The NR-U WID [1] lists an objective for RRM under both RAN1 and RAN2 responsibility in detail as follows:

 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)

In this contribution, we discuss possible enhancements to RRM considering Rel-15 NR as baseline, in particular considering the impact of LBT on measurements and mobility.

2. Discussion
In NR-U, the reference signals transmitted on downlink will be subject to LBT and thus may be dropped when LBT fails. The issue of handling of missing measurements and their impact on RRM were discussed during the Study Item. The main two options were to handle them at the PHY layer as part of L1 filtering or at upper layers as part of L3 filtering. The latter would have required an indication from the PHY layer. RAN2 concluded that “The handling of missing measurements due to LBT are expected to be captured at physical layer specifications”. 
Observation 1: It was concluded in the NR-U SI that “handling of missing measurements due to LBT are expected to be captured at physical layer specifications” and measurement model in 38.300 for NR is the baseline.
Observation 2: The RAN2 conclusion in the NR-U SI implies that a measurement sample received from L1 is always considered as valid. 

Observation 3: RAN1 is already discussing various methods on how to handle the cases where SSB can not be transmitted (such as shift, cyclic wrap) and these should be hidden from upper layers.

Proposal 1: RAN2 to confirm that all measurement samples received from L1 are considered as valid for L3 filtering

Proposal 2: RAN2 to confirm that an indication from L1 on missing measurements due to LBT failure is not needed for L3 filtering.
The Study Item already concluded that multiple beam operation and their measurement for NR-U will use Rel-15 NR as baseline. If Proposals 1 and 2 are agreed, this also implies that the same framework can be used without any changes for NR-U. 
Proposal 3: RAN2 to confirm that L3 filtering, beam selection and consolidation in NR are also adopted for NR-U.

In NR, the RRM measurements are reported per beam and per cell. RAN1 has been considering that a cell can be divided into several “sub-bands” where each can have independent LBT events. This is mostly done to be compatible with the regulations on unlicensed bands and incumbent implementations. Even though the transmission of signals on each sub-band will not follow the same LBT decision, the measurement of reference signals should not be tied to the sub-band. At a more general level, RRM does not need to be aware of sub-band even though each sub-band can have a different SSB and measurements of different sub-bands can thus be configured.
Observation 4: RAN1 is also considering sub-bands within a cell which use separate LBTs. 
Proposal 4: RRM for NR-U is not impacted by the introduction of sub-bands.

In Rel-15, the UE can be configured with neighbour measurements where the reference signals used could be SSB or CSI-RS. The UE finds the SSB of neighbour cells based on the signalled SMTC configuration. We assume that this is the baseline for NR-U as well. However, RAN1 is also considering that reference signals can be transmitted outside DRS occasions if some could not be sent within DMTC due to LBT failures. The measurement of such signals for the serving cell is feasible. On the other hand, for neighbour cells, such measurements can require large measurement gaps and should not be mandated.
Observation 5: NR-U RRM will use SMTC based SSB measurements as a baseline.

Observation 6: Due to LBT failures, reference signals may have to be transmitted outside DRS occasions (as being discussed in RAN1). 
Proposal 5: UE should not be required to measure signals outside DMTC for neighbour cell measurements, at least when gaps are needed.
Usage of channel occupancy and load were discussed during the Study Item. The main motivation was that an unlicensed cell could be loaded due to interference which is not within the control of the serving operator and it might be beneficial to take this interference into account when performing RRM. LTE LAA already introduced periodic measurements of channel occupancy and RSSI and RAN2 concluded that these are also useful for NR-U. It seems reasonable to confirm that they should be introduced.
Observation 7: NR-U SI concluded that “channel occupancy and RSSI, similar to adopted for LTE LAA, are considered useful”.
Proposal 6: Channel occupancy and RRSI measurements and reporting specified for LTE LAA are introduced for NR-U.
RSSI is the total measured energy in a channel and can be used by the gNB to assess the total load. However, by itself, it is not an indicator for actual interference. RSSI could be high simply because the current gNB is serving full buffer traffic. Also, high RSSI due to cells from the same operator would be fine while high RSSI from other operators and technologies which do not cooperate with the serving PLMN will degrade performance. In addition, RSSI is not useful for intra-frequency mobility since it will be same for all cells. For inter-frequency, measurement of RSSI can require large gaps.
Observation 8: RSSI is not a measure of actual interference on a channel.
Observation 9: RSSI is not useful for intra-frequency mobility and can require large measurement gaps for inter-frequency mobility.

Proposal 7: RSSI should not be considered as a mobility event trigger.

Other metrics which can account for the actual outside interference should be considered. As an example, if the UE is missing RS samples on DL, this is a good indication of LBT failures on downlink. Similarly, LBT failures on uplink, which the UE is aware of, would be better indicators than RSSI. 
Observation 10: Missing RS measurements and LBT failures at the UE are better indications of channel interference compared to RSSI which only corresponds to the total channel occupancy .

Proposal 8: RAN2 should define a new or additional channel occupancy metric which takes into account uplink LBT failures and detected downlink LBT failures.

3. Conclusion

In this contribution, we discussed RRM for NR-U and observe and propose the following:
Observation 1: It was concluded in the NR-U SI that “handling of missing measurements due to LBT are expected to be captured at physical layer specifications” and measurement model in 38.300 for NR is the baseline.
Observation 2: The RAN2 conclusion in the NR-U SI implies that a measurement sample received from L1 is always considered as valid. 

Observation 3: RAN1 is already discussing various methods on how to handle the cases where SSB can not be transmitted (such as shift, cyclic wrap) and these should be hidden from upper layers.

Proposal 1: RAN2 to confirm that all measurement samples received from L1 are considered as valid for L3 filtering

Proposal 2: RAN2 to confirm that an indication from L1 on missing measurements due to LBT failure is not needed for L3 filtering.
Proposal 3: RAN2 to confirm that L3 filtering, beam selection and consolidation in NR are also adopted for NR-U.

Observation 4: RAN1 is also considering sub-bands within a cell which use separate LBTs. 
Proposal 4: RRM for NR-U is not impacted by the introduction of sub-bands.

Observation 5: NR-U RRM will use SMTC based SSB measurements as a baseline.

Observation 6: Due to LBT failures, reference signals may have to be transmitted outside DRS occasions (as being discussed in RAN1). 
Proposal 5: UE should not be required to measure signals outside DMTC for neighbour cell measurements, at least when gaps are needed.
Observation 7: NR-U SI concluded that “channel occupancy and RSSI, similar to adopted for LTE LAA, are considered useful”.
Proposal 6: Channel occupancy and RRSI measurements and reporting specified for LTE LAA are introduced for NR-U.

Observation 8: RSSI is not a measure of actual interference on a channel.

Observation 9: RSSI is not useful for intra-frequency mobility and can require large measurement gaps for inter-frequency mobility.

Proposal 7: RSSI should not be considered as a mobility event trigger.

Observation 10: Missing RS measurements and LBT failures at the UE are better indications of channel interference compared to RSSI which only corresponds to the total channel occupancy .

Proposal 8: RAN2 should define a new or additional channel occupancy metric which takes into account uplink LBT failures and detected downlink LBT failures.
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