3GPP TSG-RAN WG2 meeting #104												R2-1816836
[bookmark: OLE_LINK7]Washington,USA,12–16 November,2018                               

Agenda item:	11.2.2.2	
Source:	ZTE
[bookmark: OLE_LINK3]Title:	Discussion on RLM/RLF for NR-U
Document for:	Discussion and Decision
	Introduction
On NR-U, LBT failure may cause the reduced transmission for signals, such as RLM-RS. When UE monitors the downlink link quality based on the reference signal in the configured RLM-RS resource(s), the missing RLM-RS may introduce more out-of-sync indications, and then trigger RLF. In RAN1#93[1], the agreement about RLM/RRM has been reached as follows:
	Agreement:
Potential modifications to RLM/RRM procedures due to reduced transmission opportunities for DL signals and channels due to LBT failure should be identified and studied



In this contribution, potential modifications to RLM/RRM procedures will be discussed.
	Discussion
According to NR [2][3], UE shall monitor the downlink link quality based on the configured RLM-RS resource(s), when the radio link quality is worse than the threshold Qout for all resources within the evaluation period, the physical layer in the UE indicates out-of-sync to RRC. If receiving N310 consecutive "out-of-sync" indications from the physical layer, UE shall start timer T310. Upon T310 expiry, UE shall declare RLF.
On NR-U, the impact of LBT failure on RLM/RLF procedure has been evaluated by simulation without the enhancement transmission for RLM-RS in [4]. From the simulation results in Annex, it is obvious that RLF probability will increase along with the rising of LBT failure probability. In RAN1#94B[5], the enhancement transmission for SSB has been reached some agreements as follows:
	Agreement:
For SSB transmissions as part of DRS:
· It is considered beneficial to expand the maximum number of candidate SSB positions within DRS transmission window to [Y], for e.g., Y = [64] 
· FFS: How to derive frame timing from detected SS/PBCH block 
· Transmitted SSBs do not overlap
· FFS: Shift granularity between candidate SSBs positions/candidate groups of SSBs 
· Maximum number of transmitted SSBs is [X] within DRS transmission window. X <= 8
· FFS: Duration of DRS transmission window
· FFS: Duration of the transmitted DRS within the window, including SSBs and other multiplexed signals/channels
· FFS: relationship between transmitted SSB index and QCL assumption at UE
· FFS: If and how to support beam repetition for soft combining of SSBs within the same DRS transmission

Agreement:
· It is considered beneficial to configure DMTC(s) (DRS Measurement Time Configuration) in which UEs can perform measurements. 
· DRS-based RRM measurements are performed inside the DMTC(s)
· FFS: Similarity with Rel-15 SMTC
· CSI-RS-based measurements may be performed outside the DMTC(s)
· DRS-based RLM for unlicensed SpCell is performed inside the DMTC(s)
· RLM DMTC may coincide with DRS transmission window
· CSI-RS-based RLM may be performed outside of DMTC(s)
· FFS: Explicit indication is provided by gNB to indicate whether or not DRS and/or CSI-RS transmissions occurred
FFS: If DMTCs for RRM measurements and RLM are the same or can be different



[bookmark: OLE_LINK1]Since multiple transmission occasions of SSB inside RLM DMTC may be supported, the impact of missing RLM-RS due to LBT failure will be relieved, and then RLF probability will decrease compared with no SSB transmission enhancements. However, due to the time correlation between multiple transmission opportunities, this enhancement still does not mean the guaranteed transmission. As the increment of traffic volume will result in intense contention among nodes, it can be foreseen that RLF probability will also rise up under the medium and high load.
[bookmark: OLE_LINK2]Observation 1: On NR-U, multiple transmission occasions of RLM-RS can’t completely avoid the missing RLM-RS due to LBT failure.
Moreover, if LBT failure happens continuously inside RLM DMTC, gNB can’t get the channel access to transmit RLM-RS during the RLM DMTC, which implies heavy interference. For example, there are 8 transmission occasions for configured SSB within RLM DMTC, if gNB fails to transmit SSB in all these occasions, gNB suffers  strong continuous interference so that it can’t ensure the service quality for UE.
Observation 2: On NR-U, missing RLM-RS in all transmission occasions inside RLM DMTC implies heavy interference.
UE shall monitor RLM-RS in multiple transmission occasions inside DMTC. When all the monitoring RLM-RS inside RLM DMTC can’t be detected, UE will treat all the missing RLM-RS as very poor channel quality based on NR. In fact, this situation is more serious than the poor channel quality. Hence, it is not reasonable to treat this situation same as the poor channel quality.
Proposal 1: The impact of all missing RLM-RS inside RLM DMTC should be considered.
[bookmark: OLE_LINK8][bookmark: OLE_LINK10]When gNB has little chance to serve UE due to LBT failures, it is more effective for UEs to switch to other carriers once realizing this condition. So, if UE can distinguish LBT failures from poor channel quality condition for transmission of RLM-RS, a mechanism to trigger carrier selection when necessary due to LBT failures can be considered. For example, when the percentage of LBT failures for transmission of RLM-RS within a certain period reaches a threshold, an RRC reestablishement procedure can be triggered by UE.
[bookmark: OLE_LINK5]Proposal 2:  RAN2 should discuss a mechanism for UE to trigger RRC reestablishement when necessary, eg. missing RLM-RS due to LBT failures.
	Conclusion 
The proposals are as follows:
Observation 1: On NR-U, multiple transmission occasions of RLM-RS can’t completely avoid the missing RLM-RS due to LBT failure.
Observation 2: On NR-U, missing RLM-RS in all transmission occasions inside RLM DMTC implies heavy interference.
[bookmark: OLE_LINK4][bookmark: _GoBack]Proposal 1: The impact of all missing RLM-RS inside RLM DMTC should be considered.
Proposal 2:  Proposal 2:  RAN2 should discuss a mechanism for UE to trigger RRC reestablishement  when necessary, eg. missing RLM-RS due to LBT failures.
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[bookmark: _Toc528161185]7.2.2.3	Control plane impacts
[bookmark: _Toc528161186]7.2.2.3.1	RLM/RLF and mobility (conn mode)
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, the following mobility scenarios shall be supported:
-	Inter-cell handover between NR-U and NR-U;
-	Inter-cell handover between NR-U and NR.
In addition, the following mobility scenarios shall be supported based on the mobility between NR-U and NR and and the mobility between NR and (e)LTE, however further optimizations to this scenarios will be considered possibly with lower priority:
-	Inter-RAT handover between NR-U and LTE connected to EPC;
-	Inter-RAT handover between NR-U and LTE connected to 5GC.
For connected mode mobility, the main issue identified for NR operation in unlicensed band is the reduced transmission opportunities for different signalings due to LBT failure.
The following modifications to mobility-related procedures have been identified as beneficial to study:
-	Modifications to mobility-related measurements considering limitations to the transmission of reference signals due to LBT. NR-U needs to consider techniques to handle reduced RS (e.g. SS/PBCH block and CSI-RS) transmission opportunities due to LBT failure.
-	Modifications to mobility-related measurements and/or triggers considering limitations related to high channel occupancy. NR-U needs to consider techniques to handle increased interference levels in the unlicensed channel for mobility-related decisions.
-	Modifications to mobility-related procedures and/or triggers considering limitations related to the transmission of control plane signalling due to LBT. NR-U needs to consider whether NR-U specific techniques to handle additional signaling delays due to LBT failure are required, if not resolved by general mobility enhancement solutions [RP-181433].
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. In  RLM/RLF procedure, the impact of all missing RLM-RS inside RLM DMTC should be considered. And a mechanism for UE to trigger RRC reestablishement when necessary,eg. when the percentage of LBT failures for transmission of RLM-RS within a certain period reaches a threshold, is beneficial. 
The RRM and RLM framework for NR-U will also support multiple beam operation.
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 conflict and confusion for measurements.
Annex
Simulation assumptions for system-level simulation
Table 2 Key parameters in RLM/RLF procedure
	The key parameter
	value

	N310 
	4

	N311 
	4

	T310
	200 ms

	the periodicity of SSB
	10 ms

	SINR for threshold Qout_SSB
	-7 dB

	SINR for threshold Qin_SSB
	-6 dB



Table 3. System parameters of system-level simulation
	Parameters
	Indoor Sub-7GHz

	Carrier Frequency
	5GHz

	Carrier Channel Bandwidth
	20MHz 

	Number of carriers
	1

	Number of users per operator
	15 per gNB per 20MHz

	Channel Model
	NR InH Mixed Office model

	BS/AP Tx Power
	23dBm (total across all TX antennas)

	UE/STA Tx Power
	18dBm (total across all TX antennas)

	BS/AP Antenna gain
	0dBi   

	UE/STA Antenna gain
	0 dBi

	BS/AP Noise Figure
	5dB

	UE/STA Receiver Noise Figure
	9dB

	Minimum received power from serving cell for UE dropping
	-82dBm

	BS/AP antenna Array configuration
	(M, N, P, Mg, Ng)  = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	UE/STA antenna Array configuration
	 Tx/Rx: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ

	Traffic model
	Use 36.889 Table A.1.1



Simulation result
In order to distinguish the reason triggering RLF, we adopts two cases to simulate the RLM procedure separately:
· Case 1: treating the measurement result of missing RLM-RS as very poor channel quality 
· Case 2: ignoring the measurement result of missing RLM-RS
The following table summarizes the results of RLF probability and LBT failure probability. More details of the simulation assumptions can be found in Annex.
Table 1. Summary of simulation results
	Simulation result
	Lamda=0.2
	Lamda=0.13
	Lamda=0.1

	
	Case 1
	Case 2
	Gain
	Case 1
	Case 2
	Gain
	Case 1
	Case 2
	Gain

	LBT failure probability
	36.92%
	19.37%
	5.76%

	RLF probability for cell edge UE
	33.35%
	25.00%
	+32.58%
	27.80%
	22.20%
	+25.23%
	11.10%
	11.10%
	0%

	RLF probability for cell center UE
	9.03%
	7.64%
	+18.30%
	5.55%
	4.16%
	+33.33%
	0.00%
	0.00%
	0%

	RB usage ratio
	45.45%
	34.34%
	15.58%
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