



3GPP TSG RAN WG1 NR Ad-Hoc#2           	                 								   R1-1711269
Qingdao, P.R. China, 27th – 30th June 2017


Agenda item:	5.1.1.5.3
Source:	Nokia, Alcatel-Lucent Shanghai Bell
Title:	NR Radio Link Monitoring
Document for:	Discussion and Decision
1	Introduction
Following agreements were made in RAN1#89
	Agreements:
· IS and OOS indications are based on SINR-like metric (e.g., hypothetical PDCCH BLER) as in LTE
· SINR-like metric as in LTE represents whether or not UE can receive PDCCH
· FFS: PDCCH in U-SS and/or PDCCH in C-SS

· RS used to derive SINR-like metric is down selected from following options
· Opt.1: CSI-RS
· Opt.2: DMRS for NR-PDCCH in C-SS
· Opt.3: DMRS for NR-PBCH
· Opt.4: NR-SSS
· Opt.5: RS for time/frequency tracking (if separate RS from above is defined for time/frequency tracking)
· FFS: how many options are used
· RAN1 assumes that single IS or OOS is indicated per reporting instance regardless number of beams available in cell. RAN1 has not concluded whether IS/OOS indications for RLF are per cell or not.
· RAN1 plans to provide at least periodic IS/OOS indications.
· FFS: possibility of additional aperiodic IS indication e.g., based on beam failure recovery mechanism.



In this contribution we discuss on the reference signal for the RLM and also the different options for I/OOS indication.
2	Radio Link Monitoring
As discussed in past RAN1 meetings, different type of scenarions can be considered in terms of deployment and network operation, namely single beam and multi-beam, that could have impact how the RLM can be expected to be operated. In short, it is expected that at least in most deployments where beam forming is used, network will configure UE with CSI-RS resources/ports to be measured. These resources can be then associated for example to reflect the spatial filtering that could be used for control and/or data for example. In certain deployments, however, network migth prefer or not have need not to introduce additional signals/RS for beam tracking purposes for example, but deem that SS block based measurements are sufficient. This leads to following consideration from RLM perspective.
To support radio link monitoring in a single beam system where CSI-RS would not be configured in addition to SS block there should be an option to use SS block (e.g. NR-SSS) for determining IS /OOS condition for beam/cell. If a beam used to transmit SS block is not a composite of multiple sub beams that are differentiated using beam specific CSI-RS, the SS block could be used for radio link monitoring. E.g. if UE is configured a PDCCH beam (U-SS) that corresponds the SS block beam then SS block could be used as refernce signal for RLM. Potential problems may arise if very long SS block periodicity is used. In such scenarios, even though there migth not be a difference in terms of applied beam forming, it may be preferable to condifure CSI-RS resources for the UE that are transmitted more frequently. In addition SS block may cover only small portion of CSI-RS bandwidth, or UE maybe configured to a bandwidth part that does not neccesarily include SS block (wideband carrier operation). Thus even in a case of a single beam system it should be possible to use with additionally configured CSI-RS for RLM. For deployments where the beam forming applied to the SS block does not correspond to the beam forming applied to the control (and data signals), it is evident that other RS signal, CSI-RS, need to be configured for beam measurement and also for RLM purposes.
Observation 1: Depending on the network deployment and configuration, there would be need to use different signals for RLM.
As agreed in last meeting and discussed also above, the signal/RS that is used for radio link monitoring should correspond to the signal that reflects the quality of control signalling used to schedule the UE. Thus when considering the CSI-RS, the adio link monitoring should be performed on CSI-RS that corresponds to the beam for user specific PDCCH transmission (P-1 beam) since this is used for scheduling the UE. Common PDCCH may be used for beam recovery response but UE should perform beam recovery action way before the common PDCCH quality degrades.
Proposal 1: Radio link monitoring is performed on signals PDCCH quality user specific PDCCH reception.
In different deployments there could be need to have different signal to be used for radio link monitoring, but from system operation perspective there should not be any ambiquity between UE and network, what is the considered reference for RLM.. To simplify the RLM procedure UE should be performing monitoring on one type of signal so that IS /OOS condition is not based on evaluating both SS block and CSI-RS. So the signal to be used for RLM should be configurable by network
Proposal 2: Radio Link Monitoring is not performed on multiple signals simultaneously.
Proposal 3: In NR radio link monitoring can be performed on  CSI-RS and SS block signals. Which signal to use is configured by network.
3	In Sync and Out of Sync Indications

RAN1 assumes to have single IS/OOS indicated per reporting instance regardless of number of (PDCCH) beams available. UE may be configured to have multiple PDCCH beams and the IS/OOS condition should be evaluated for each beam separately based on corresponding CSI-RS. 
Here we discuss  the potential implications based on the single and multiple IS/OOS indications
3.1 Option 1: Single indication.
With single IS/OOS indication regardless of number of PDCCH beams, the L1 should have specific logic or conditions defined what to indicate. As an example if N -PDCCH beams are configured for UE and IS/OOS condition is determined per PDCCH beam 
In Sync Indication
· Indicate IS to higher layer when at least M out of N PDCCH beams are IS condition. M can be set to ‘1’; if at least one PDCCH beam is in sync, IS would be indicated.
Out of Sync Indication
· With single indication, based on the above logic when less than M/all PDCCH beams are in out of sync condition, OOS would be indicated.
Layer 2 should be responsible for triggering signals for beam recovery when L1 has indicated that no PDCCH beams are available. Howver it would be unclear how L2 would be able to e.g. trigger a transmission of beam link (PDCCH) specific uplink signalling resource to e.g. indicate switch to alternative PDCCH link when current link fails.
This would mean in practise that L1 would trigger signals for PDCCH link switch as L2 has no information on individual PDCCH beam IS/OOS status.


3.2. Option 2: Multiple Indications
In Sync Indication/ Out of Sync Indication
With multiple IS/OOS indications, the L1 operation is simplified to determining IS/OOS condition for each PDCCH beam and providing that indication to higher layer. L2 would be able run the logic when to trigger beam recovery, and potentially triggering signal to indicate switching to alternative PDCCH beam/link.  L2 would be able to determine the beam failure e.g. based on the received OOS indications per PDCCH beams. 
Both options 1 and 2 are illustrated in the figure 1. Regardless of single/multiple indications by L1 the RRC would only receive single indication which would be the cell level indication.
[image: ]
Figure 1. Single indication vs.  Multiple indcations

3.3. Beam v.s. Cell level indication
In our view the indication of IS/OOS condition should be beam level indication from L1 to L2 to enable MAC layer to trigger beam recovery if it determines that other candidate beams are available. 
Although the L1 would provide beam level indication to L2, there should be a cell level indication (a single IS/OOS) to RRC. This can be provided by L2.
If L1 provides cell level indication directly to RRC (L3), L2 would not be able to trigger beam recovery actions. L1 is responsible for triggering beam recovery signals such SR/PRACH thus the logic when to trigger recovery and based on which conditions should be on MAC layer. 
Proposal 4: L1 provides beam level IS/OOS indication to L2 (MAC) to support L2 based triggering of beam recovery signals.
NOTE: whether the beam level IS/OOS indication is done per PDCCH beam should be further considered.
[bookmark: _GoBack]4	Conclusions
Observation 1: Depending on the network deployment and configuration, there would be need to use different signals for RLM.
Proposal 1: Radio link monitoring is performed on signals PDCCH quality user specific PDCCH reception.
Proposal 2: Radio Link Monitoring is not performed on multiple signals simultaneously.
Proposal 3: In NR radio link monitoring can be performed on  CSI-RS and SS block signals. Which signal to use is configured by network.
Proposal 4: L1 provides beam level IS/OOS indication to L2 (MAC) to support L2 based triggering of beam recovery signals.
References
[1] [bookmark: _Ref75086397]RAN1#89 Chairman Notes.






image1.emf
 

I

S

/

O

O

S

#0 #1

I

S

/

O

O

S

I

S

/

O

O

S

Cell Level Radio Link Monitoring

PDCCH beams/ Beams used to calculate IS/

OOS condition for PDCCH beams

RRC

L2

L1

Beam Recovery  /Beam level RLM

I

S

/

O

O

S

I

S

/

O

O

S

#0 #1

I

S

/

O

O

S

I

S

/

O

O

S

Cell Level Radio Link Monitoring

PDCCH beams/ Beams used to calculate IS/

OOS condition for PDCCH beams

RRC

L2

L1

Beam Recovery  /Beam level RLM

Option  1 Option  2


