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Introduction
In [1], RAN2 informed RAN1 of their agreements on radio link failure and ask two questions: 
	RAN2 has discussed RLM/RLF procedure with multiple-beam operation in NR and made following agreements:
Agreements
1:	For connected mode, UE declares RLF upon timer expiry due to DL OOS detection, random access procedure failure detection, and RLC failure detection.
FFS whether maximum ARQ retransmission is only criteria for RLC failure (needs to be discussed in common UP/CP session). 
2	In NR RLM procedure, physical layer performs out of sync / in sync indication and RRC declares RLF. 
3	For RLF purposes, RAN2 preference is that the in sync / out of sync indication should be a per cell indication, and we aim for a single procedure for both multi-beam and single beam operation.

Given the above RAN2 preference to have the in-sync/out-of-sync indication for RLF in NR be provided per cell, RAN2 has sent an LS to RAN on in-sync/out-of-sync indications for RLF. A response to two questions has been requested:
Q1: Can the in-sync/out-of-sync indications for RLF be provided per cell?

Q2: Is RAN1 planning to provide in-sync/out-of-sync indications that are periodic (similar to LTE)?




There has not been any agreements or discussions in RAN1 on radio link failure or radio link monitoring. In this contribution, we propose a response to the two questions posed by RAN2.
[bookmark: _Ref178064866]Discussion
In LTE, the physical layer in the UE evaluates the DL radio quality every frame [2]. The quality is compared to the thresholds Qin and Qout, which are UE-internal variables, which are defined by relevant tests in  [3]. This procedure is known as radio link monitoring (RLM). When the quality falls below Qout, the UE indicates out-of-sync to higher layers in the UE, and when the quality exceeds Qin, the UE indicates in-sync to higher layers.
Based on the out-of-sync and in-sync indications, higher layers in the UE may declare RLF as described in [4].
The RLM procedure is designed to discover a 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 [3].
Question 1
When defining the RLM procedure in NR, it is natural to maintain the LTE concept: the UE should try to discover a situation where the network cannot reach the UE with a PDCCH transmission. The UE must estimate the quality of the hypothetical PDCCH the network would use to reach the UE. Even in a multi-beam scenario, where SS blocks are transmitted in multiple beams, the UE should monitor only the quality of beam where the network would transmit the PDCCH. Of course, the network would need to provide means for the UE to estimate that quality, as described in [5].
Hence, irrespective of the number of beams or TRPs in the cell, the UE will provide only a single in-sync/out-of-sync indication. However, that indication is not necessarily indicative of the cell quality, but of the quality of the PDCCH the network would use to reach the UE. 
Based on the above discussion, we propose the following answer to Question 1:
[bookmark: _Ref481866496]In NR, L1 in the UE will provide a single in-sync/out-of-sync indication to higher layers in the UE at a certain point in time, both in single-beam and multi-beam operation. Note that the indication is not necessarily indicative of the cell quality.
Question 2
The use of periodic indications of DL quality was a natural choice in LTE, due to the availability of the periodic CRS. In NR, there is no always-on signal that can always be used to estimate the quality of the hypothetical PDCCH the network would use to reach the UE, as described in [5]. 
However, definition of in-sync/out-of-sync indications brings many advantages, in particular it enables capturing receiver characteristics in a standard-transparent way. The network must then take these indications into account, and that is quite difficult to do if they are not periodic. Solutions only based on potentially aperiodic transmissions would provide less accuracy and/or higher overhead. Based on the above discussion, we propose the following answer to Question 2:
[bookmark: _Ref481866516]In NR, L1 in the UE will provide periodic in-sync/out-of-sync indications to higher layers, similar to LTE.
Conclusions
Based on the discussion in this contribution we propose the following answers to question 1 and 2:
1. In NR, L1 in the UE will provide a single in-sync/out-of-sync indication to higher layers in the UE at a certain point in time, both in single-beam and multi-beam operation. Note that the indication is not necessarily indicative of the cell quality.
1. In NR, L1 in the UE will provide periodic in-sync/out-of-sync indications to higher layers, similar to LTE.
[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref481511688]R2-1703964, “LS to RAN1 on in-sync/out-of-sync indications for RLF,” RAN2, RAN2#97b, April 2017.
[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: _Ref481864739]R1-1708729, “Radio link monitoring,” Ericsson, RAN1#89, Hangzhou, China, May 2017
[bookmark: _Ref481866327]R1-1708678, “Beam failure recovery mechanism,” Ericsson, RAN1#89, Hangzhou, China, May 2017

	1/1	

 


1


/


1


 


 


3GPP TSG


-


RAN WG


1


 


#


89


 


R1


-


1708718


 


Hangzhou, China


, 


15


th


 


–


 


19


th


 


May


,


 


20


17


 


 


Source:


 


Ericsson


 


Title:


 


O


n 


in


-


sync/out


-


of


-


sync indications for RLF


 


for 


r


eply LS to RAN2


               


 


Agenda Item:


 


4


 


Document for:


 


Discussion and


 


Decision


 


1


 


Introduction


 


In 


[1]


, RAN2 informed RAN1 of their agreements on radio link failure and ask two questions:


 


 


RAN2 has discussed RLM/RLF procedure with multiple


-


beam operation in NR and made following agreements:


 


Ag


reements


 


1:


 


For connected mode, UE declares RLF upon timer expiry due to DL OOS detection, random access 


procedure failure detection, and RLC failure detection.


 


FFS whether maximum ARQ retransmission is only criteria for RLC failure (needs to be discussed 


in 


common UP/CP session). 


 


2


 


In NR RLM procedure, physical layer performs out of sync / in sync indication and RRC declares RLF. 


 


3


 


For RLF purposes, RAN2 preference is that the in sync / out of sync indication should be a per cell 


indication, and we aim f


or a single procedure for both multi


-


beam and single beam operation.


 


 


Given the above RAN2 preference to have the in


-


sync/out


-


of


-


sync indication for RLF in NR be provided per cell, 


RAN2 has sent an LS to RAN on


 


in


-


sync/out


-


of


-


sync indications for RLF


. A 


response to two questions has been 


requested:


 


Q1:


 


Can the in


-


sync/out


-


of


-


sync indications for RLF be provided per cell?


 


 


Q2:


 


Is RAN1 planning to provide in


-


sync/out


-


of


-


sync indications that are periodic (similar to LTE)?


 


 


 


There has not been any agreements or discussions in RAN1 on radio link failure or radio link monitoring. 


In this 


contribution, we 


propose a response to the two questions posed by RAN2.


 


2


 


Discussion


 


In LTE, the physical layer in the UE evaluates the DL radio 


quality every frame


 


[2]


. The quality is compared to the 


thresholds Qin and Qout, which are UE


-


internal variables, which are defined by relevant tests in 


 


[3]


. This procedure 


is known as radio link monitoring (RLM). When the quality falls below Qout, the UE indicates 


out


-


of


-


sync


 


to higher 


layers in the UE, and when the quality


 


exceeds Qin, the UE indicates 


in


-


sync


 


to higher layers.


 


Based on the out


-


of


-


sync and in


-


sync indications, higher layers in the UE may declare RLF as described in


 


[4]


.


 


The RLM procedure is designed to discover a 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 re


lies on the internal quality threshold variables Qin and Qout, which correspond to 2% 


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


 


[3]


.


 


2.1


 


Question 1


 


When defining the RLM procedure in NR, it is natural to maintain the LTE concept: the UE should try to discover a 


situation 


where 


the network cannot reach the UE with a PDCCH transmission


. The UE must estimate t


he quality of 


the hypothetical 


PDCCH the netw


ork would use to reach the UE. Even in a multi


-


beam scenario, where SS blocks are 


transmitted in multiple beams, the UE should monitor 


only the 


quality of 


beam where the network would transmit the 


PDCCH


. Of course, the network would need to provide means f


or the UE to estimate that quality, as described in


 


[5]


.


 




  1 / 1     3GPP TSG - RAN WG 1   # 89   R1 - 1708718   Hangzhou, China ,  15 th   –   19 th   May ,   20 17     Source:   Ericsson   Title:   O n  in - sync/out - of - sync indications for RLF   for  r eply LS to RAN2                   Agenda Item:   4   Document for:   Discussion and   Decision   1   Introduction   In  [1] , RAN2 informed RAN1 of their agreements on radio link failure and ask two questions:    

RAN2 has discussed RLM/RLF procedure with multiple - beam operation in NR and made following agreements:   Ag reements   1:   For connected mode, UE declares RLF upon timer expiry due to DL OOS detection, random access  procedure failure detection, and RLC failure detection.   FFS whether maximum ARQ retransmission is only criteria for RLC failure (needs to be discussed  in  common UP/CP session).    2   In NR RLM procedure, physical layer performs out of sync / in sync indication and RRC declares RLF.    3   For RLF purposes, RAN2 preference is that the in sync / out of sync indication should be a per cell  indication, and we aim f or a single procedure for both multi - beam and single beam operation.     Given the above RAN2 preference to have the in - sync/out - of - sync indication for RLF in NR be provided per cell,  RAN2 has sent an LS to RAN on   in - sync/out - of - sync indications for RLF . A  response to two questions has been  requested:   Q1:   Can the in - sync/out - of - sync indications for RLF be provided per cell?     Q2:   Is RAN1 planning to provide in - sync/out - of - sync indications that are periodic (similar to LTE)?    

  There has not been any agreements or discussions in RAN1 on radio link failure or radio link monitoring.  In this  contribution, we  propose a response to the two questions posed by RAN2.   2   Discussion   In LTE, the physical layer in the UE evaluates the DL radio  quality every frame   [2] . The quality is compared to the  thresholds Qin and Qout, which are UE - internal variables, which are defined by relevant tests in    [3] . This procedure  is known as radio link monitoring (RLM). When the quality falls below Qout, the UE indicates  out - of - sync   to higher  layers in the UE, and when the quality   exceeds Qin, the UE indicates  in - sync   to higher layers.   Based on the out - of - sync and in - sync indications, higher layers in the UE may declare RLF as described in   [4] .   The RLM procedure is designed to discover a 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 re lies on the internal quality threshold variables Qin and Qout, which correspond to 2%  and 10% block error rate of a hypothetical PDCCH defined in   [3] .   2.1   Question 1   When defining the RLM procedure in NR, it is natural to maintain the LTE concept: the UE should try to discover a  situation  where  the network cannot reach the UE with a PDCCH transmission . The UE must estimate t he quality of  the hypothetical  PDCCH the netw ork would use to reach the UE. Even in a multi - beam scenario, where SS blocks are  transmitted in multiple beams, the UE should monitor  only the  quality of  beam where the network would transmit the  PDCCH . Of course, the network would need to provide means f or the UE to estimate that quality, as described in   [5] .  

