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[bookmark: _Toc116995841]Introduction
The discussion of the scope of RRM requirements for NCR-MT has continued at RAN4#106 meeting. At that meeting several important agreements were achieved [1]:
	Issue 1-1: Cell selection requirement for NCR-MT  
· Agreements
· Do not specify requirements for cell reselection for NCR-MT on the C-link
Issue 1-2: Handover requirement for NCR-MT  
· · Agreement
· Not not define the handover requirement for NCR-MT

Issue 1-3-1: RRC re-establishment
· Agreement
· Define the RRC re-establishment requirement for NCR-MT in Rel-18 and reuse the existing IAB-MT RRM requirement from TS38.174 clause 12.1.1.1 as baseline

Issue 1-3-2: Random access
· Agreement
· Wide area NCR
· Do not define random access requirements
· Local area NCR
· Define the 4-step RACH requirement for NCR-MT and reuse the existing UE requirement in clause 6.2.2 of TS38.133
· FFS for 2-step RACH

Issue 1-3-3:  RRC release with redirection
· Agreement
· Do not define the RRC release with redirection requirement for NCR-MT

Issue 1-4-1:  Initial transmit timing requirement Te
· · Agreement
· To define initial transmit timing requirement Te for NCR-MT and to reuse the requirement in clause 12.2.1 of Rel-16 TS 38.174. 
· No RRM requirements need to be specified for the transmit timings of backhaul and access link of NCR-Fwd;

Issue 1-4-2: the gradual timing adjustment requirement Tp and Tq
· Agreement
· Wide area NCR
· Do not define gradual timing adjustment requirement Tp and Tq
· Local area NCR
· Define gradual timing adjustment requirement Tp and Tq




From the above set of agreements, support for the specification of requirements for 2-step RACH remains to be decided. At the same time, some additional progress was achieved in RAN1 and RAN2. Hence, the following relevant requirements need further discussion:
· NCR-MT timer accuracy
· NCR-MT C-link timing advance
· Radio link monitoring and radio link recovery for NCR-MT C-link
· NCR access link beam configuration
In this paper we elaborate further on the need of the requirements listed above for the Network Control Repeaters in Rel-18.

[bookmark: _Toc116995842]Discussion
Below, in the table, we summarize the status of the discussion of requirements for Rel-18 NCR:
Table 1: Summary of NCR RRM requirements.
	RRM Req. Category
	RRM procedure
	Requirement reference
	NCR RAN4 status

	IDLE state mobility – Cell selection
	Cell selection
	TS 38.133 (4.1) / TS 38.304 (5.2.3)
	Agreement: do not define.

	IDLE state mobility – Cell Re-selection
	Measurement and evaluation of serving cell
	TS 38.133 (4.2.2.2)
	Agreement: do not define.

	
	Measurements of intra-frequency NR cells
	TS 38.133 (4.2.2.3)
	Agreement: do not define.

	
	Measurements of inter-frequency NR cells/inter-RAT
	TS 38.133 (4.2.2.4/5)
	Agreement: do not define.

	RRC_CONNECTED state mobility - RRC Connection Mobility Control
	SA: RRC Re-establishment
	TS 38.174 (12.1.1.1)
	Agreement: define.

	
	Random access
	TS 38.133 (6.2.2) is referenced from TS 38.174 (12.1.1.2)
	Agreement:
· No for WA,
· 4 step RACH for LA
· FFS: 2 step for LA

	
	SA: RRC Connection Release with Redirection
	TS 38.174 (12.1.1.3)
	Agreement: do not define.

	
	Handover
	38.133, 6.1 
	Agreement: do not define.

	Timing
	Transmit timing
	TS 38.174 (12.2.1)
	Agreement:
· Define for initial transmit timing;
· Define gradual timing adjustment for LA
· Do not define gradual timing adjustment for WA

	
	Timer accuracy
	TS 38.133 (7.2)
	FFS

	
	NCR-MT timing advance
	TS 38.174 (12.2.3) references clause 7.3 from TS 38.133.
	FFS

	
	Cell phase synchronization accuracy
	TS 38.174 (12.2.4)
	Agreement: do not define.

	Signaling characteristics
	SSB /CSI-RS based Radio Link Monitoring
	TS 38.174 (12.3.1)
	FFS

	
	Link recovery procedures (SSB/CSI-RS based beam failure indication, L1 indication, Candidate beam detection)
	TS 38.174 (12.3.2)
	FFS

	
	Active TCI state switching delay
	TS 38.133 (8.10)
	FFS

	
	Uplink spatial relation switch delay
	TS 38.133 (8.12)
	FFS

	
	Active downlink TCI switching delay for unified TCI
	TS 38.133 (8.15)
	FFS

	
	Active uplink TCI switching delay for unified TCI
	TS 38.133 (8.16)
	FFS

	
	BWP switching
	38.133 (8.6)
	FFS

	Measurement procedure
	L1-RSRP measurements
	TS 38.133 (9.5)
	FFS

	
	L1-SINR measurements
	TS 38.133 (9.8)
	FSS

	Other
	NCR-FWD Access link beam management
	Not defined
	FFS




Two-step Random Access requirement
In the 2-step Random Access procedure (2-step RACH), the UE combines the transmissions of Msg 1 and Msg 2 of the 4-step Random Access procedure (4-step RACH) and sendd them in a single message, i.e., in Msg A. UE uses RACH Occasion (RO) to transmit the preamble (Msg1) and the associated PUSCH occasion (PO) to transmit the UE information (Msg 2).
2-step Random Access procedure is mostly used when the TA is small and known. The main benefit of 2-step RACH is latency reduction during handover and during transition from RRC_INACTIVE to RRC_CONNECTED state.
2-step RACH procedure has a very limited use and also very limited benefit for NCR-MT C-link due to the following reasons:
1. NCR-MT does not support handover
2. When the NCR-MT is in RRC_INACTIVE or RRC_IDLE state, UEs served by the NCR are not in RRC_CONNECTED state. Hence, there are no significant benefits of latency reduction by using 2-step RACH for the transition of the NCR-MT from RRC_INACTIVE to RRC_CONNECTED state
3. After a beam failure and radio link failure event, the NCR-MT may perform RACH for connection re-establishment. However, the latency reduction benefit of 2-step RACH may not be significant compared to the failure detection latency. Thus, end-user benefits are not significant.
Considering the very little benefits and very low use of the RACH procedures, the additional overheads of PUSCH may not be justified.

[bookmark: _Toc131701491][bookmark: _Toc131701492][bookmark: _Toc131701493][bookmark: _Toc131701494][bookmark: _Toc131701495][bookmark: _Toc131701496][bookmark: _Toc131701497][bookmark: _Toc131701498][bookmark: _Toc131701499][bookmark: _Toc131701500][bookmark: _Toc131701501][bookmark: _Toc131754014]2-step RACH does not provide any significant benefit for NCR because NCR does not support handover and latency reduction achieved by 2-step RACH does not provide any benefit to UEs served by the NCR.
[bookmark: _Toc131754015]NCR-MT need not support 2-step RACH. Even if it is supported, no requirements need to be specified for 2-step RACH.

Timing requirements
Timer accuracy
UE timers are used at least for the following procedures:
· RLF detection
· Beam Failure Detection (BFD) and Recovery (BFR)
The following agreement were reached in RAN1#111:
As optional functionalities for the NCR-MT, at least Rel-15 legacy BFD/BFR/RLM mechanisms are supported
RLF detection by NCR-MT has been agreed upon by RAN2.
For proper operation of RLF detection, BFD, BFR and RLM procedures, the associated timers should operate within a certain level of accuracy. 
For IAB nodes one principal implementation option was the use of integrated GNSS receiver that could provide an accurate source of synchronization and timing. NCR node is expected to have simplified architecture. Hence, the timer accuracy requirements are of higher importance.
In general, the timer accuracy requirements for the UE timers as specified in clause 7.2 of 38.133 are sufficient for NCR-MT.
[bookmark: _Toc127542865][bookmark: _Toc127553775][bookmark: _Toc131754016]RAN4 shall specify the timer accuracy requirements for NCR-MT as described in Clause 7.2 of 38.133.

Timing advance
In RAN1#110-bis, the following agreement was reached:
The TA adjustment mechanism of legacy UEs is supported for NCR-MT C-link.
The requirements in clause 7.3 in TS 38.133 apply for NCR-MT.
[bookmark: _Toc127476734][bookmark: _Toc127542867][bookmark: _Toc127553776][bookmark: _Toc131754017]RAN4 shall specify the requirements for the timing advance procedure for NCR-MT as described in clause 7.2 of TS 38.133.

For NCR-Fwd backhaul link, no timing advance requirements need to be specified. There are no specific procedures defined to control the timing of the transitions of the RF repeater components.
[bookmark: _Toc127553773][bookmark: _Toc131754018]Since the transmit timings of the NCR-Fwd backhaul link is determined by the activation of the uplink amplifier of NCR-Fwd, the NCR shall meet the activation requirements as specified for Release-17 NR Repeater.
[bookmark: _Toc127553777][bookmark: _Toc131754019]No timing advance procedure requirements need to be specified for NCR-Fwd backhaul link.

Signalling characteristic
Radio Link monitoring
Since NCR-MT supports RRC Re-establishment procedure, requirements for radio link monitoring need to be specified.
Considering the similarity of deployment scenarios of NCR to those of Release-16/17 IABs, the radio link monitoring requirements for NCR-MT C-link are expected to be similar to those of IAB-MT. 
Radio link monitoring requirements for IAB-MT are specified in clause 12.3.1 of [TS 38.174]. These requirements cover the functions of SSB-based and CSI-RS based monitoring, IAB-MT turning off the transmitter, L1 indication and scheduling availability during link monitoring. RAN4 should discuss whether requirements for all of these functions need to be specified for NCR-MT.
Since re-establishment requirements are already agreed to be defined for NCR-MT, this necessitates the corresponding signalling characteristic requirements need to be supported as well.
[bookmark: _Toc131701508][bookmark: _Toc127542870][bookmark: _Toc127553778][bookmark: _Toc131754020]RAN4 to introduce requirements on radio link monitoring for NCR-MT and reuse IAB-MT requirements from Clause 12.3.1 of TS 38.174.

Link recovery procedure
IAB-MT supports beam failure detection and recovery procedures. For WA NCRs, beam failure is not typical and can be expected to happen together with the radio link failure. Hence, the requirements for link recovery procedure should be applied only for LA NCRs.
[bookmark: _Toc131701510][bookmark: _Toc127553779][bookmark: _Toc131754021]RAN4 to introduce requirements on link recovery procedure for LA NCR-MT only and reuse IAB-MT requirements from Clause 12.3.2 of TS 38.174.


NCR access link beam configuration
RAN1 agreed on NCR capability to configure the NCR-Fwd Access link beam based on the indication in DCI or MAC-CE. At RAN1#112, the following agreements were reached regarding the time reference for NCR-Fwd access link beam configuration:
	Agreements:
For the aperiodic beam indication, the reference of slot offset for each time resource is defined as the slot n+k where n refers to the slot that NCR-MT receive the DCI carrying the indication and:
· Option-2: k refers to the offset value [defined by NCR-MT capability and/or declared by vendor].
· Note: This k is different from the parameter used to define the Slot offset for the time resource.

For the semi-persistent beam indication, the indicated information should be applied starting from the first slot that is after slot , where n refers to the slot that NCR-MT would transmit HARQ-ACK information corresponding to the PDSCH carrying the activation command and  is the SCS configuration for the channel carrying the HARQ-ACK information.




Access link beam switching is one of the distinguishing and essential functionalities of NCR node. Therefore, it is important to ensure that the access UEs can be scheduled by the gNB only when the access beam is ready. Hence, RAN4 needs to discuss how RAN1 agreements can be reflected in RAN4 NCR specifications.
[bookmark: _Toc131754022]RAN4 to study how RAN1 agreements on NCR Access link beam configuration could be reflected in RRM core requirements.

[bookmark: _Toc116995848]Conclusion
In the paper, we continue the analysis of NCR node RRM Core requirements. We cover such aspects as 2-step RACH, Timing requirements, Signalling characteristics and Access link beam configuration.
The following Observations and Proposals were made:
Observation 1: 2-step RACH does not provide any significant benefit for NCR because NCR does not support handover and latency reduction achieved by 2-step RACH does not provide any benefit to UEs served by the NCR.
Proposal 1: NCR-MT need not support 2-step RACH. Even if it is supported, no requirements need to be specified for 2-step RACH.
Proposal 2: RAN4 shall specify the timer accuracy requirements for NCR-MT as described in Clause 7.2 of 38.133.
Proposal 3: RAN4 shall specify the requirements for the timing advance procedure for NCR-MT as described in clause 7.2 of TS 38.133.
Observation 2: Since the transmit timings of the NCR-Fwd backhaul link is determined by the activation of the uplink amplifier of NCR-Fwd, the NCR shall meet the activation requirements as specified for Release-17 NR Repeater.
Proposal 4: No timing advance procedure requirements need to be specified for NCR-Fwd backhaul link.
Proposal 5: RAN4 to introduce requirements on radio link monitoring for NCR-MT and reuse IAB-MT requirements from Clause 12.3.1 of TS 38.174.
Proposal 6: RAN4 to introduce requirements on link recovery procedure for LA NCR-MT only and reuse IAB-MT requirements from Clause 12.3.2 of TS 38.174.
Proposal 7: RAN4 to study how RAN1 agreements on NCR Access link beam configuration could be reflected in RRM core requirements.
[bookmark: _Toc116995849]
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