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Introduction
RAN1#89 made the following agreement on radio link monitoring:
· 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 radio link monitoring, starting from the LTE procedure. We also compare the reference options in the agreement from RAN1#89. Finally, we compare with the beam failure detection procedure.
[bookmark: _Ref178064866]Discussion
In LTE, either the UE or the eNodeB may declare radio link failure (RLF) when they determine that the radio link is broken. There are several situations when RLF should be declared:
· RLC indicates that the maximum number of re-transmissions has been reached
· random access problem indication
· a long period of L1 problems, triggered by so-called out-of-sync indications
In this paper, we will focus on the third type of situation, which is used by the UE to declare RLF.
In LTE, the physical layer in the UE evaluates the DL radio quality every frame [1]. The quality is compared to the thresholds Qin and Qout, which are UE-internal variables, which are defined by relevant tests in [2]. This procedure is known as radio link monitoring (RLM). When the quality falls below Qout, L1 in the UE indicates out-of-sync (OOS) to higher layers in the UE, and when the quality exceeds Qin, L1 in the UE indicates in-sync (IS) to higher layers. The agreement from RAN1#89 states that similar indications will be used also in NR.
In LTE, higher layers in the UE may declare RLF as described in [3], based on the out-of-sync and in-sync indications.
The RLM procedure is designed to discover situation where the network cannot reach the UE with a PDCCH transmission, and by taking appropriate action, the UE then avoids being trapped in a non-reachable state. To estimate the PDCCH quality, the UE relies on the internal quality threshold variables Qin and Qout, which correspond to 2% and 10% block error rate of a hypothetical PDCCH defined in [2].
[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Toc477957122]The agreement from RAN1#89 states that the IS and OOS indications should be based on an SINR-like metric, e.g., a hypothetical PDCCH BLER, and that the SINR-like metric should represent whether or not the UE can receive the PDCCH.
The usage of the hypothetical PDCCH BLER has been one way of avoiding several of the complications related to the definition of an SINR-like metric. We therefore propose to adopt the same paradigm in NR:
[bookmark: _Toc478021960][bookmark: _Toc478131527][bookmark: _Ref481486720][bookmark: _Toc485403525]In NR, IS and OOS indications are based on the estimated BLER of a hypothetical PDCCH the NW would use to reach the UE.
We thus propose that the LTE principle for out-of-sync and in-sync indications is introduced in NR. As in LTE, UE-internal quality thresholds Qin and Qout may be defined as a tool to generate the indications.
In the agreement from RAN1#89, there was an FFS if the PDCCH is in UE-specific and/or common search space. As the RLM procedure aims at identifying cases where the UE cannot be reached by the NW, the UE should try to predict the quality of the PDCCH the NW would use to reach the UE. In most cases, this would be the PDCCH in the UE-specific search space, but if the NW hasn’t configured any UE-specific search space, the common search space would be used. Hence, it is difficult to say which search space is relevant: the RLM procedure should be general enough to handle any search space.
[bookmark: _Ref484083998][bookmark: _Toc485403518]The RLM procedure should be general enough to handle any PDCCH search space.
In LTE, the UE compares CRS measurements to the Qin and Qout thresholds to generate the IS and OOS. This makes very much sense, since as the CRS is used as the demodulation reference signal for PDCCH, there is a close relation between the CRS quality and the PDCCH quality. As the CRS is always transmitted, it becomes very easy for the UE to use it for quality estimation. 
In NR, the situation is more complicated. The demodulation reference signal for PDCCH is DMRS, which is only transmitted when the PDCCH is transmitted. Furthermore, the PDCCH transmission will be significantly more flexible than in LTE, regarding frequency allocation and beamforming, leading to that the NW will have better possibilities to reach the UE with a UE-specific PDCCH transmission. This improved PDCCH coverage will complicate the design of the RLM algorithm, since the PDCCH coverage is difficult to predict based on other signals. Or in other words, any prediction that does not take the beamforming capabilities of the PDCCH into account is likely to cause premature triggering of radio link failure:
[bookmark: _Ref484084131][bookmark: _Toc485403519]Any RLM that does not take PDCCH beamforming into account will cause too early triggering of RLF.
To perform radio link monitoring, the UE estimates the quality of a hypothetical PDCCH reception. This estimation is based on reception of a certain reference signals, which we call RLM RS. To provide a good estimate of the PDCCH performance, the RLM RS should fulfill the following requirements:
1. Should be possible to estimate quality of a hypothetical PDCCH reception, i.e., the properties of the signal should match those of the PDCCH the NW would use to reach the UE
2. It should be transmitted to the UE at regular intervals.
The agreement from RAN1#89 listed the following candidates for RLM RS:
· 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)
Option 3 and 4
Since the NR-SSS and the DMRS of the NR-PBCH are transmitted over the same antenna ports, we will discuss them jointly.
Both NR-SSS and the DMRS of the NR-PBCH are transmitted within the SS block. As the SS block is transmitted at regular interval, with an allocation that is known to the UE, the SSS fulfils requirement 2. If the transmission scheme of the SS matches the transmission scheme of the PDCCH, then one specific SS block could be used for RLM. 
Note that we state that it is one specific SS block could be used. If one TRP transmits several SS blocks, in different beams, with different time indices conveyed in the NR-PBCH, the UE should monitor one specific SS block, and not any of them. It is not enough that any of the SS blocks from a certain cell is good enough, since the network will use a beamformer corresponding to one of the SS blocks to transmit the PDCCH. Note that the SS block and the PDCCH may have different bandwidths, and this would impact the accuracy of the estimation. There are however at least two situations where requirement 2 is not fulfilled: one is the multi-TRP cell deployment, and the other is at borders of coverage areas. 
NR should support multi-TRP cells, where the same SSS is transmitted from several TRPs. In contrast, the PDCCH will be transmitted from one of the TRPs within a cell. Hence, it will not be possible to estimate PDCCH quality based on the SSS: in fact, if a UE moves from one TRP to another within the same cell, it may not notice any issue with the SSS quality, even though the NW is unable to reach it. The situation is illustrated in Figure 1:
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[bookmark: _Ref484083811]Figure 1: Illustration of a situation where SSS cannot be used to detect radio link failure. When the UE moves from the coverage area of TRP1 to the coverage area of TRP2, the UE cannot declare radio link failure based on SS, since the SS quality is very good near TRP2.
Sometimes, it is suggested that the issue illustrated in Figure 1 would be handled by beam recovery. We find it strange to argue that beam recovery should handle all cases, but radio link monitoring only some cases. In contrast, since both procedures try to discover the same situation, they should rely on similar monitoring procedures. 
At coverage borders, it is possible to extend the coverage of the NR-PDCCH beyond that of the SS. This situation is illustrated in Figure 2. 
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[bookmark: _Ref484076755]Figure 2: A UE moving out of SS coverage may still experience good PDCCH quality.
From Figure 2, we see that the UE moves out of the SS coverage area, but due to the PDCCH beamforming, the connection quality can still be OK. If RLM is based on SS block measurements, the UE will declare RLF while the data transmission is still ongoing. The preferred way would be to let the UE finish the session, and then do to idle. It may then not be possible for the UE to connect to the NW, due to the insufficient SS coverage, but it should be up to the NW to allow this situation.
Hence, we make the following observation:
[bookmark: _Ref481486674][bookmark: _Toc485403520]There are important deployments where the signals in the SS block cannot be used as the RLM RS, since they cannot be used to estimate the PDCCH quality.
Opt 2
It is somewhat unclear what transmissions utilize NR-PDCCH in C-SS, but at least the remaining minimum system information (RMSI) will be scheduled using NR-PDCCH in C-SS. For this discussion, we will therefore focus on the NR-PDCCH used to schedule transmission of the RMSI.
To a large extent, the conclusions from opt3 and opt4 apply also to opt2: the RMSI is transmitted periodically, with a known periodicity. The spatial and frequency characteristics of the RMSI may or may not be the same as the PDCCH used to communicate with the UE. The main difference is that the RMSI will probably be transmitted less frequently than the SS block. Another difference is that the UE usually does not have to receive the RMSI, whereas the UE will in some cases must receive and measure on the SS block for mobility purposes. Hence, we can conclude
[bookmark: _Ref484084366][bookmark: _Toc485403521]There are no advantages, but some drawbacks, of using the DMRS for NR-PDCCH in C-SS compared to using the SS block.
Opt 1
The main reference signal used for beam management is the CSI-RS. The CSI-RS can be flexibly configured, regarding allocation and spatial transmission pattern. It is possible to have aperiodic, semi-persistent and periodic allocations. A UE can be configured to measure on one or several CSI-RS resources, and several UEs can be allocated to measure on the same CSI-RS resource.
[bookmark: _Toc477856572][bookmark: _Toc477864000][bookmark: _Toc477870375][bookmark: _Toc478127354][bookmark: _Toc478128210][bookmark: _Ref484084374][bookmark: _Toc485403522]A UE-specifically configured CSI-RS can be transmitted in a way that matches the way the PDCCH is transmitted, both in the spatial domain (beam forming) and frequency domain. 
[bookmark: _Toc477856573][bookmark: _Toc477864001][bookmark: _Toc477870376][bookmark: _Toc478127355][bookmark: _Toc478128211][bookmark: _Ref484084382][bookmark: _Toc485403523]A periodic CSI-RS configuration allows the UE to perform regular monitoring of the radio link.
Clearly, the CSI-RS fulfils both requirements that are put on the RLM RS. CSI-RS can also be used in the two situations illustrated in Figure 1 and 2 where the SS cannot be used.
Note that the CSI-RS used for RLM monitoring may utilize a wider beam than what is used for data communication. The beam width of this CSI-RS beam corresponds to the granularity with which the NW will track the UE. 
In the beam management context, a procedure known as beam recovery is being discussed. The procedure has been devised to discover cases where the TRP and the UE have misaligned their beams. In practice, it turns out that RLM and beam failure detection are very similar: both procedures try to assess the ability of the network to contact the UE using the quality of a periodically transmitted RS, and based on that estimate, the UE will take action. The similarities and differences of the procedures were highlighted in [4]. See also [5] for a description of beam recovery using the latest agreements. For beam failure detection, it has been agreed to use CSI-RS for monitoring RS. NR will thus support a quality monitoring mechanism based on a periodic CSI-RS for beam failure detection. 
[bookmark: _Ref484084389][bookmark: _Toc485403524]RLM and beam failure detection are quite similar. CSI-RS is the only reference signal agreed for beam failure detection.
While the details of beam failure detection are still to be defined, it is clear that it is quite similar to RLM, and it would make very much sense to be able reuse the beam failure monitoring procedure. Such reuse would simplify specification itself, as well as the testing framework.
Opt 5
Since the RS for time/frequency tracking is yet to be defined, it is difficult to discuss its use for RLM. In any case, it is imperative that it fulfils requirement 1 and 2 introduced in this contribution. It is also crucial to consider the situations illustrated in Figure 1 and Figure 2.
In summary, when we compare options 1-5, we propose:
[bookmark: _Ref481486762][bookmark: _Toc485403526]In NR, the UE uses measurements on a specific periodic CSI-RS resource to perform radio link monitoring.
Conclusions
In this contribution, we made the following observations:
Observation 1	The RLM procedure should be general enough to handle any PDCCH search space.
Observation 2	Any RLM that does not take PDCCH beamforming into account will cause too early triggering of RLF.
Observation 3	There are important deployments where the signals in the SS block cannot be used as the RLM RS, since they cannot be used to estimate the PDCCH quality.
Observation 4	There are no advantages, but some drawbacks, of using the DMRS for NR-PDCCH in C-SS compared to using the SS block.
Observation 5	A UE-specifically configured CSI-RS can be transmitted in a way that matches the way the PDCCH is transmitted, both in the spatial domain (beam forming) and frequency domain.
Observation 6	A periodic CSI-RS configuration allows the UE to perform regular monitoring of the radio link.
Observation 7	RLM and beam failure detection are quite similar. CSI-RS is the only reference signal agreed for beam failure detection.

Based on the discussion in this contribution we propose the following:
Proposal 1	In NR, IS and OOS indications are based on the estimated BLER of a hypothetical PDCCH the NW would use to reach the UE.
Proposal 2	In NR, the UE uses measurements on a specific periodic CSI-RS resource to perform radio link monitoring.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref481485425]3GPP TS 36.213, Physical layer procedures, V14.1.0 (2016-12) 
[bookmark: _Ref481485441]3GPP TS 36.133, Requirements for support of radio resource management, V14.1.0 (2016-12)
[bookmark: _Ref481485454]3GPP TS 36.331, Radio Resource Control (RRC);Protocol specification, V14.1.0 (2016-12)
[bookmark: _Ref481486158]R1-1705917, “Relation between radio link failure and beam failure”, Ericsson, RAN1#88bis, Spokane, US, April 2017
[bookmark: _Ref481486176]R1-1711017, “Mechanism to recover from beam failure”, Ericsson, RAN1 NR Ad-Hoc#2, Qingdao, China, June 2017


	1/1	

 


 


1


/


1


 


 


3GPP TSG


-


RAN WG1 


NR Ad


-


Hoc#2


 


R1


-


1


7


11386


 


Qingdao


, China


, 


27


th


 


–


 


30


th


 


June


,


 


20


17


 


 


Source:


 


Ericsson


 


Title:


 


Radio link monitoring 


 


Agenda Item:


 


5


.1.1.5.3


 


Document for:


 


Discussion and


 


Decision


 


1


 


Introduction


 


RAN1#89 made the following agreement on radio link 


monitoring:


 


 


In this 


contribution, we discuss radio link monitoring, starting from the LTE procedure


. We also compare the 


reference options in the agreement


 


from RAN1#89


.


 


Finally, we compare with the beam failure detection procedure.


 


2


 


Discussion


 


In LTE, either the UE or the eNodeB may declare radio link failure (RLF) when they determine that the radio link is 


broken. There are several situations when RLF shoul


d be declared:


 


-


 


RLC indicates that the maximum number of re


-


transmissions has been reached


 


-


 


random access problem indication


 


-


 


a long period of L1 problems, triggered by so


-


called out


-


of


-


sync indications


 


In this paper, we will focus on the third type of situat


ion, which is used by the UE to declare RLF.


 


In LTE, the physical layer in the UE evaluates the DL radio quality every frame


 


[1]


. The quality is compared to the 


thr


esholds Qin and Qout, which are UE


-


internal variables, which are defined by relevant tests in


 


[2]


. This procedure 


is known as radio link monitoring (RLM). When the


 


quality falls below Qout, 


L1 in 


the UE indicates 


out


-


of


-


sync


 


(OOS) 


to higher layers in the UE, and when the quality exceeds Qin, 


L1 in 


the UE indicates 


in


-


sync


 


(IS) 


to higher 


layers.


 


The agreement from RAN1#89 states that similar indications will be used 


also in NR.


 


In LTE, 


higher layers in the UE may declare RLF as described in


 


[3]


,


 


based on the out


-


of


-


sync and in


-


sync 


indications.


 


The RLM procedure is designed to


 


discover situation where the network cannot reach the UE with a PDCCH 


transmission, and by taking appropriate action, the UE then avoids being trapped in a non


-


reachable state. To 


estimate the PDCCH quality, the UE relies on the internal quality threshold


 


variables Qin and Qout, which 


correspond to 2% and 10% block error rate of a hypothetical PDCCH defined in


 


[2]


.


 


l


 


IS and 


OOS indica


tions are based on SINR


-


like metric (e.g., 


hypothetical


 


PDCCH BLER


) as in LTE


 


Ø


 


SINR


-


like metric as in LTE represents whether or not UE can receive PDCCH


 


Ø


 


FFS: PDCCH in U


-


SS and/or 


PDCCH in C


-


SS


 


l


 


RS used to derive 


SINR


-


like metr


ic


 


is down selected from following options


 


Ø


 


Opt.1: CSI


-


RS


 


Ø


 


Opt.2: DMRS for NR


-


PDCCH in C


-


SS


 


Ø


 


Opt.3: DMRS for NR


-


PBCH


 


Ø


 


Opt.4: NR


-


SSS


 


Ø


 


Opt.5: RS for time/frequency tracking (if separate RS from above is defined for time/frequency 


tracking)


 


Ø


 


FFS: how many options 


are used


 


l


 


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.


 


l


 


RAN1 plans to provide 


at least 


periodic IS/OOS indi


cations.


 


Ø


 


FFS: possibility of additional aperiodic IS indication e.g., based on beam failure recovery mechanism.


 




    1 / 1     3GPP TSG - RAN WG1  NR Ad - Hoc#2   R1 - 1 7 11386   Qingdao , China ,  27 th   –   30 th   June ,   20 17     Source:   Ericsson   Title:   Radio link monitoring    Agenda Item:   5 .1.1.5.3   Document for:   Discussion and   Decision   1   Introduction   RAN1#89 made the following agreement on radio link  monitoring:     In this  contribution, we discuss radio link monitoring, starting from the LTE procedure . We also compare the  reference options in the agreement   from RAN1#89 .   Finally, we compare with the beam failure detection procedure.   2   Discussion   In LTE, either the UE or the eNodeB may declare radio link failure (RLF) when they determine that the radio link is  broken. There are several situations when RLF shoul d be declared:   -   RLC indicates that the maximum number of re - transmissions has been reached   -   random access problem indication   -   a long period of L1 problems, triggered by so - called out - of - sync indications   In this paper, we will focus on the third type of situat ion, which is used by the UE to declare RLF.   In LTE, the physical layer in the UE evaluates the DL radio quality every frame   [1] . The quality is compared to the  thr esholds Qin and Qout, which are UE - internal variables, which are defined by relevant tests in   [2] . This procedure  is known as radio link monitoring (RLM). When the   quality falls below Qout,  L1 in  the UE indicates  out - of - sync   (OOS)  to higher layers in the UE, and when the quality exceeds Qin,  L1 in  the UE indicates  in - sync   (IS)  to higher  layers.   The agreement from RAN1#89 states that similar indications will be used  also in NR.   In LTE,  higher layers in the UE may declare RLF as described in   [3] ,   based on the out - of - sync and in - sync  indications.   The RLM procedure is designed to   discover situation where the network cannot reach the UE with a PDCCH  transmission, and by taking appropriate action, the UE then avoids being trapped in a non - reachable state. To  estimate the PDCCH quality, the UE relies on the internal quality threshold   variables Qin and Qout, which  correspond to 2% and 10% block error rate of a hypothetical PDCCH defined in   [2] .  

   IS and  OOS indica tions 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 metr ic   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 indi cations.      FFS: possibility of additional aperiodic IS indication e.g., based on beam failure recovery mechanism.  

