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Introduction

In this contribution, we want to share some initial views on how RAN4 UE RRM characteristic in Rel-18 could be further improved to enable more advanced features and ensure the better NR system performance as following:

RLM and BFD enhancement for FR2

Measurement gap sharing enhancement
TCI switching enhancement
EMR enhancement for MR-DC
Discussion              

2.1. RLM and BFD enhancement for FR2
The RLM and BFD requirements for FR2 UE RRM is quite important functionality for FR2 UE, and the existing requirements for RLM and BFD is highly related with Rx beam numbers and TDRX. Especially for DRX larger than 320ms with 8 Rx beams, then evaluation period for Qin and Qout of RLM would be extremely long. After such long time evaluation for RLM, then side condition for candidate beams might have already changed a lot due to UE moving or UE rotation related behavior, therefore we think that it would be necessary to shorten the evaluation period for long DRX cycles, either by reducing Rx beam numbers or withdraw from the long DRX cycle based on  network configured L1-RSRP threshold The same story also applies for BFD detection delay, similar approach as mentioned for RLM enhancement could also been applied.

Proposal 1: to reduce RLM and BFD evaluation period for FR2 UE by reducing Rx beam numbers or withdraw from the long DRX cycle based on network configured L1-RSRP threshold or both alternatives;  
RLM:
Table 8.1.2.2-2: Evaluation period TEvaluate_out_SSB and TEvaluate_in_SSB for FR2

	Configuration
	TEvaluate_out_SSB (ms) 
	TEvaluate_in_SSB (ms) 

	no DRX
	Max(200, Ceil(10 ( P ( N) ( TSSB)
	Max(100, Ceil(5 ( P ( N) ( TSSB)

	DRX cycle≤320ms
	Max(200, Ceil(15 ( P ( N) ( Max(TDRX,TSSB))
	Max(100, Ceil(7.5 ( P ( N) ( Max(TDRX,TSSB))

	DRX cycle>320ms
	Ceil(10 ( P ( N) ( TDRX
	Ceil(5 ( P ( N) ( TDRX

	NOTE:
TSSB is the periodicity of the SSB configured for RLM. TDRX is the DRX cycle length.


Table 8.1.3.2-2: Evaluation period TEvaluate_out_CSI-RS and TEvaluate_in_CSI-RS for FR2

	Configuration
	TEvaluate_out_CSI-RS (ms) 
	TEvaluate_in_CSI-RS (ms) 

	no DRX
	Max(200, Ceil(Mout×P×N)×TCSI-RS)
	Max(100, Ceil(Min×P×N) × TCSI-RS)

	DRX ≤ 320ms
	Max(200, Ceil(1.5×Mout×P×N)× Max(TDRX, TCSI-RS))
	Max(100, Ceil(1.5×Min×P×N)× Max(TDRX, TCSI-RS))

	DRX > 320ms
	Ceil(Mout×P×N) × TDRX
	Ceil(Min×P×N) × TDRX

	NOTE:
TCSI-RS is the periodicity of the CSI-RS resource configured for RLM. The requirements in this table apply for TCSI-RS equal to 5 ms, 10 ms, 20 ms or 40 ms. TDRX is the DRX cycle length.


BFD:
Table 8.5.2.2-2: Evaluation period TEvaluate_BFD_SSB for FR2

	Configuration
	TEvaluate_BFD_SSB (ms) 

	no DRX
	Max(50, Ceil(5 ( P ( N) ( TSSB)

	DRX cycle ≤ 320ms
	Max(50, Ceil(7.5 ( P ( N) ( Max(TDRX,TSSB))

	DRX cycle > 320ms
	Ceil(5 ( P ( N) ( TDRX

	Note:
TSSB is the periodicity of SSB in the set [image: image1.wmf]0

q

. TDRX is the DRX cycle length.


Table 8.5.3.2-2: Evaluation period TEvaluate_BFD_CSI-RS for FR2

	Configuration
	TEvaluate_BFD_CSI-RS (ms) 

	no DRX
	Max(50, Ceil(MBFD ( P ( N ( PBFD) ( TCSI-RS)

	DRX cycle ≤ 320ms
	Max(50, Ceil(1.5 × MBFD ( P ( N ( PBFD) ( Max(TDRX, TCSI-RS))

	DRX cycle > 320ms
	Ceil(MBFD ( P ( N ( PBFD) ( TDRX

	Note:
TCSI-RS is the periodicity of CSI-RS resource in the set [image: image2.wmf]0

q

. TDRX is the DRX cycle length.


2.2. Measurement gap sharing enhancement
The measurement gap sharing for NR has been introduced from Rel-15, however the existing granularity for gap sharing is still on intra-freq and inter-freq level .e.g. 25% for intra-freq and 75% for inter-freq or equal splitting. For some frequency layers or cells within intra-freq or inter-freq measurement, the existing measurement gap sharing mechanism still cannot ensure the certain priority for different frequency layers to conduct the RRM measurement. If the granularity of measurement gap sharing could be down to freq layer level, then this would be quite beneficial for network to speed up the UE measurement if necessary.  
Proposal 2:  to enhance the measurement gap sharing on the granularity of freq layer level.  

2.3. TCI switching enhancement
Since Rel-15, TCI switching requirements have been introduced comprising of MAC CE based TCI state switching, DCI based TCI state switching, RRC based TCI state switching. However for case if targeted TCI state is not in the active TCI state list, then UE has to wait for the 1st SSB for new beam reception which might be too long if SSB periodicity is up to 160ms as shown in the following in Figure 1 for MAC CE based TCI state switching. 

It should be similar story applied for RRC based TCI state switch if targeted TCI state is not in the active TCI state list.
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Figure 1. the diagram for MAC CE based TCI state switching
Proposal 3: to further reduce the switching delay for MAC CE based and RRC based TCI state switching. 
2.4. EMR enhancement for CA and MR-DC
In Rel-16, EMR has been introduced in idle/inactive status to speed up Scell or SN addition for CA and MR-DC, however, if the serving cell fulfills Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ (e.g. cell center UE), based on current spec, the measurement periodicity of idle mode CA/DC measurement will be at least every Thigher_priority_search (60 * Nlayers) second which is very long. Especially considering T331 timer is only limited to 5min, then quite limited measurement results could be provided by UE for reporting and the measurement results might be also out of date if the measurement periodicity is very large. 

If the serving cell fulfills Srxlev ≤ SnonIntraSearchP and Squal ≤ SnonIntraSearchQ, the cell search and measurements on inter-frequency layers configured for idle mode CA/DC measurements will follow the inter-freq measurement requirements defined for cell re-selection, if the number of Rx beams for FR2 could also be reduced in Rel-18, then it could also speed up the Scell or SN addition for CA and MR-DC. 

Proposal 4: to further reduce the measurement periodicity of EMR for CA and MR-DC.
Conclusions
In this contribution, we elaborated our initial views on how RAN4 UE RRM characteristic in Rel-18 could be further improved to enable more advanced features and ensure the better NR system performance and the following items are proposed:

Proposal 1: to reduce RLM and BFD evaluation period for FR2 UE by reducing Rx beam numbers or withdraw from the long DRX cycle based on network configured L1-RSRP threshold or both alternatives;   
Proposal 2: to enhance the measurement gap sharing on the granularity of freq layer level or cell level.  

Proposal 3: to further reduce the switching delay for MAC CE based and RRC basedTCI state switching. 

Proposal 4: to further reduce the measurement periodicity of EMR for CA and MR-DC.
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