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1 Introduction
According to the 5G requirement specification [1], NR shall supports connectivity through multiple transmission points:

-
The RAN architecture shall support connectivity through multiple transmission points, either collocated or non-collocated.

For URLLC, It also defined the requirements of transmission reliability:

· Reliability can be evaluated by the success probability of transmitting X bytes NOTE1 within 1 ms, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface, at a certain channel quality (e.g., coverage-edge).

· The target for reliability should be 1-10-5 within 1ms. A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for X bytes (e.g., 20 bytes) with a user plane latency of 1ms.

.The multiple transmission points will support potential use of frequency range up to 100 GHz. One issue is how to monitor the RLF for the multiple transmission points in NR. For URLLC, beside of transmission reliability, it is very important to ensure that a reliable RRC connection is available for the users to remain connected. In this paper we will discuss the RLF related schemes for general NR and also discuss the potential control plane enhancements to ensure RRC connection reliability for URLLC.
2 Discussion
2.1 RLF in LTE
In LTE, the RLF detection mechanism is shown in Figure 1, which is extracted from [1]:
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Fig.1 Radio Link Failure in LTE

There are two phases. The first phase is RLF detection and the second phase is RRC recovery.

For single carrier and CA, re-establishment is triggered when PCell experiences RLF. The UE does not monitor the RLF of SCells, which are monitored by the eNB.
For DC, the first phase of the radio link failure procedure is supported for PCell and PSCell. Re-establishment is triggered when PCell experiences RLF. However, upon detecting RLF on the PSCell, the re-establishment procedure is not triggered at the end of the first phase. Instead, the UE informs the radio link failure of PSCell to the MeNB.

2.2 RLF consideration for NR
As described in clause 2.1, in LTE the first phase is the RLF detection. There are multiple RLF trigger conditions, e.g. 

· upon receiving N310 consecutive "out-of-sync" indications from lower layers and not recovery;

· upon indication from RLC that the maximum number of retransmissions has been reached;

· upon random access problem indication from MAC;
The detection mechanism in LTE is quite mature and can be as the baseline for further study for NR.

Proposal 1: The RLF detection mechanism in LTE is the baseline for NR.

There is large frequency spectrum resource in high frequency. One of the NR requirements is that NR should support potential use of frequency range up to 100 GHz. In the RAN1#86 meeting, the following conclusions were reached regarding beam management procedure for high frequency:

	Agreements: The following DL L1/L2 beam management procedures are supported within one or multiple TRPs:

· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)

· For beamforming at TRP, it typically includes a intra/inter-TRP Tx beam sweep from a set of different beams

· For beamforming at UE, it typically includes a UE Rx beam sweep from a set of different beams

· FFS: TRP Tx beam and UE Rx beam can be determined jointly or sequentially

· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)

· From  a possibly smaller set of beams for beam refinement than in P-1

· Note: P-2 can be a special case of P-1

· P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming

· Strive for the same procedure design for Intra-TRP and inter-TRP beam management

· Note: UE may not know whether it is intra-TRP or inter TRP beam 

· Note: Procedures P-2&P-3 can be performed jointly and/or multiple times to achieve e.g. TRP Tx/UE Rx beam change simultaneously

· Note: Procedures P-3 may or may not have physical layer procedure spec. impact

· Support managing multiple Tx/Rx beam pairs for a UE

· Note: Assistance information from another carrier can be studied in beam management procedures

· Note that above procedure can be applied to any frequency band

· Note that above procedure can be used in single/multiple beam(s) per TRP 

· Note: multi/single beam based initial access and mobility treated within a separate RAN1 agenda item


When NR is working on high frequency, the UE may suddenly lose the link since the radio conditions can change suddenly, e.g. due to obstruction block. If the UE only monitors the RLF in PCell, the RRC re-establishment could be triggered frequently. The RLF scheme needs to be optimized to be more stable. In NR, considering the radio signal instability of high frequency, it is likely that there are multiple serving TRPs configured to the UE. In this case, when one TRP experiences RLF, other TRP may be available and be able to transmit signalling and data. The re-establishment procedure can be avoided and the RLF report and other signalling can be communicated between the UE and the network via the available TRPs. This will greatly improve the user experience. 
Proposal 2: For multiple serving TRPs, the UE initiates RRC re-establishment procedure only if the UE detects RLF from all TRPs which are configured for the UE’s RRC message transmission. 
There may be multiple serving beams maintained by the UE for one TRP. If one serving beam is blocked temporarily, e.g. by the obstruction, other serving beams in the same TRP can be used instead. As long as there are available serving beams that can be used for data transmission, the TRP should be regarded as available TRP.
Proposal 3: For multiple serving beams in one TRP, RLF of the TRP is detected only if all the serving beams in the TRP are lost. 

2.3 RLF consideration for URLLC

NR is targeting a diverse family of use cases including eMBB (enhanced Mobile Broadband), mMTC (massive Machine Type Communications) and URLLC (Ultra-Reliable and Low Latency Communications). Reliability is evaluated by the success probability of transmitting data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface within [1ms].
If RRC connection is interrupted due to radio link failure, RRC reconfiguration failure or handover failure, as as shown in Fig.2, the procedure of RRC connection reestablishment is triggered which involves multiple RRC signalling interactions during which data transmission is interrupted so that the reliability and latency targets for URLLC may not be met in such a scenario. For URLLC, it is important to ensure that the probability of RRC connection failure is kept as low as possible. 
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Fig.2 Flow chart of RRC connection interruption and reestablishment in LTE
Proposal 4: For URLLC, ensure sufficiently high RRC connection reliability so that latency and reliability target for data transmission are always fulfilled. 
In order to keep the users to remain RRC always available for data transmission, one way is to reduce the occurrence of connection interruption by means of SRBs in SgNB i.e. the URLLC UE can keep two RRC signalling transmission paths. If RLF is detected on MgNB, the UE and network can communicate the RRC signalling via the SgNB and Xn interface. 
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Fig.3 Two RRC signalling transmission paths
Proposal 5: SRBs in SgNB is a potential method for a reliable RRC to support URLLC.

For a URLLC UE not supporting dual connectivity, a possible solution is to minimize the interruption time due to RLF. As shown in Fig.1, the behaviour associated to RLF consists in two phases: RLF detection (phase 1) and RLF recovery (phase 2) which are controlled by T1 and T2 respectively [4]. 

The value of T1 depends on the DRX configuration as illustrated in table 1[5]. If RLF detection takes 10ms, it means that in the 10ms before RLF detection, it is unlikely that any data can be received, which means that the DL latency is not satisfied. 
Table 1 Qout and Qin Evaluation Period in DRX

	DRX cycle length (s)
	TEvaluate_Qout_DRX  and  TEvaluate_Qin_DRX  (s) (DRX cycles)

	≤ 0.01
	Non-DRX requirements in are applicable.

	0.01 < DRX cycle ≤0.04
	Note (20)

	0.04 < DRX cycle ≤ 0. 64
	Note (10)

	0.64 < DRX cycle ≤ 2.56
	Note (5)

	Note:
Evaluation period length in time depends on the length of the DRX cycle in use


In order to reduce RLF recovery of T2, fast RRC re-establishment should be studied, e.g. avoiding the need for RACH. 

Proposal 6: For the UE not supporting dual connectivity, fast RLF detection and fast RRC re-establishment should be studied in order to minimize the interruption time which caused by RLF.

3 Conclusion

This contribution discusses the RLF for NR from the perspective of RAN2 and suggests:

Proposal 1: The RLF detection mechanism in LTE is the baseline for NR.

Proposal 2: For multiple serving TRPs, the UE initiates RRC re-establishment procedure only if the UE detects RLF from all TRPs which are configured for the UE’s RRC message transmission. 

Proposal 3: For multiple serving beams in one TRP, RLF of the TRP is detected only if all the serving beams in the TRP are lost. 

Proposal 4: For URLLC, ensure sufficiently high RRC connection reliability so that latency and reliability target for data transmission are always fulfilled.
Proposal 5: SRBs in SgNB is a potential method for a reliable RRC to support URLLC.
Proposal 6: For the UE not supporting dual connectivity, fast RLF detection and fast RRC re-establishment should be studied in order to minimize the interruption time which caused by RLF.
4 References
[1]. 3GPP TS 36.300
[2]. Draft Report of 3GPP TSG RAN WG1 #86 v0.2.0
[3]. 3GPP TR 36.331: "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control (RRC) Protocol specification".
[4]. 3GPP TR 36.300: "Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN); Overall description; Stage 2".
[5]. 3GPP TR 36.133: "Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for support of radio resource management".
3GPP


_1538923374.vsd
Text


UE


eNodeB


RRC connection


Decision of radio link failure, RRC reconfiguration failure or handover failure


preamble


RAR(TA,UL Grant)


RRCConnectionReestablishmentRequest


RRCConnectionReestablishment 


RRCConnectionReestablishmentComplete


Random access


RRC connection reestablishment process



_1539687989.vsd

normal operation
radio problem detection
no recovery during T1
no recovery during T2
goes back to idle
radio link failure
RRC_CONNECTED
RRC_IDLE
First Phase
Second Phase



