


3GPP TSG-RAN WG4 Meeting #110bis	R4-2405940
Changsha, China, April 15th – April 19th, 2024


Agenda item:	6.21.2
Source: 	Qualcomm Incorporated
Title: 	High priority search with eDRX
Document for:	Discussion
Introduction
RAN4 completed the RRM core requirements for eRedCap UEs during RAN4#109 meeting. One issue that is has been discussed over last two meeting was on defining high priority search requirements with eDRX in IDLE as well as INACTIVE mode. RAN4 reached the following agreement during RAN4#109 and RAN4#110 meeting [1] but the value in the square bracket was tentative and up for further discussion. 
· When configured with eDRX_IDLE in IDLE/INACTIVE mode, the UE shall search every layer of higher priority at least every Thigher_priority_search = max(60, [1]*eDRX_IDLE cycle length) * Nlayers seconds.
· RAN4 to further discuss the value of [1] during the next RAN4 meeting.
 

This paper is a re-submission of our paper submitted during the last meeting [2] where we discuss the number of eDRX cycles to be used in the equation. Although this contribution paper discusses the requirements in the context of RedCap/eRedCap UEs, these are also applicable to non-RedCap UEs as eDRX operation is also extended to non-RedCap UEs. 
High priority search with eDRX
Currently we have the high priority search requirements defined as below, where the highlighted part was added during the last meeting.
[TS 38.133, Clause 4.2B.2.4] If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ then the UE shall search for inter-frequency layers of higher priority at least every Thigher_priority_search where Thigher_priority_search is described in clause 4.2.2.7.
[TS 38.133, Clause 4.2.2.7] When configured with eDRX_IDLE, the UE shall search every layer of higher priority at least every Thigher_priority_search = max(60, [1]*eDRX_IDLE cycle length) * Nlayers seconds; otherwise the UE shall search every layer of higher priority at least every Thigher_priority_search = (60 * Nlayers) seconds, where Nlayers is the total number of higher priority NR and E-UTRA carrier frequencies broadcasted in system information.
When the cell conditions are ‘good’ (Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ), UE only searches for high priority cells but at a much lower rate as compared to the normal search rate. It’s worth noting that the high-priority search rate of 60s during ‘good’ SNR cell conditions was defined considering non-eDRX cycles, i.e., DRX cycles up-to 2.56s, ensuring that the high priority search rate is slower than the normal search rate (58.88s).
Observation 1: Current high priority search rate is specified under the principle that the high priority search rate must be slower than the normal search for any DRX configuration.
Proposal 1: RAN4 to follow the current principle to ensure that the high priority search rate with eDRX should be slower than the search rate for normal mode.
Next let’s analyse the current RedCap requirements for normal mode search case. We have the following requirements defined in TS 38.133:
Table 4.2B.2.4-2: Tdetect,NR_Inter_RedCap, Tmeasure,NR_Inter_RedCap and Tevaluate,NR_Inter_RedCap for UE configured with eDRX_IDLE cycle (Frequency range FR1)
	eDRX_IDLE cycle length [s]
	DRX cycle length [s]
	PTW length [s] (number of 1.28s periods)
	Tdetect,NR_Inter_RedCap [s] (number of DRX cycles or eDRX cycles Note 3)
	Tmeasure,NR_Inter_RedCap [s] (number of DRX cycles or eDRX cycles Note 3)
	Tevaluate,NR_Inter_RedCap [s] (number of DRX cycles or eDRX cycles Note 3)

	
	
	
	
	
	

	2.56
	-
	-
	58.88 (23)
	2.56 (1)
	7.68 (3)

	5.12
	-
	-
	117.76 (23)
	5.12 (1)
	10.24 (2)

	10.24
	-
	-
	235.52 (23)
	10.24 (1)
	20.48 (2)

	20.48 ≤  eDRX_IDLE cycle length ≤10485.76
	0.32
	≥1.28 (1)
	
(23)
	0.32 x 1.5 (1 x 1.5)
	0.64 x 1.5 (2 x 1.5)

	
	0.64
	≥1.28 (1)
	
	0.64 (1)
	1.28 (2)

	
	1.28
	≥2.56 (2)
	
	1.28 (1)
	2.56 (2)

	
	2.56
	≥5.12 (4)
	
	2.56 (1)
	5.12 (2)

	NOTE 1: The number of DRX cycles in this table corresponds to the DRX cycles within PTWs, when PTW is configured.
NOTE 2: The eDRX_IDLE cycle lengths are as specified in Section 10.5.5.32 of TS 24.008 [34].
NOTE 3: Number of eDRX cycles when eDRX_IDLE cycle length equals 2.56s, 5.12s and 10.24s. Otherwise, number of DRX cycles.
NOTE 4: The lower bound of PTW length is derived based on .



Based on the above requirements, we observe that a UE is required to search a particular cell in 23 DRX cycles. This implies that a UE is not required to search a cell faster than the duration corresponding to 23 DRX cycles.
When configured with eDRX without PTW, a UE’s normal search rate is 58.88s, 117.76s and 235.52s for eDRX lengths of 2.56s, 5.12s and 10.24s respectively. Clearly some of these normal search rates are slower than the current high priority search rate of 60s.
Proposal 2: When eDRX is configured without PTW (i.e., for eDRX cycle lengths of <=10.24s), specify the high priority search rate as 24*eDRX_IDLE cycle length to ensure that the high priority search rate is not faster than the normal search rate.
When configured with eDRX with PTW, we ensure that Tevaluate,NR_Inter_RedCap can be done within a single PTW which leads to specifying a minimum PTW duration covering atleast 2 DRX cycles. So, 23 DRX cycles for normal search rate translates to 12 eDRX cycles assuming each PTW covers at-least 2 DRX cycles, and this should be the minimum search rate for high priority search.
Proposal 3: When eDRX is configured with PTW (i.e., for eDRX cycle lengths of >10.24s), specify the high priority search rate as 12*eDRX_IDLE cycle length to ensure that the high priority search rate is not faster than the normal search rate.
The same conclusions can also be applied to INACTIVE mode as well by using INACTIVE mode eDRX cycle instead of the IDLE mode eDRX cycle.
Proposal 4: For INACTIVE mode, the same search rate as IDLE mode applies with eDRX_INACTIVE cycle length instead of eDRX_IDLE cycle length.
Conclusion
Observation 1: Current high priority search rate is specified under the principle that the high priority search rate must be slower than the normal search for any DRX configuration.
Proposal 1: RAN4 to follow the current principle to ensure that the high priority search rate with eDRX should be slower than the search rate for normal mode.
Proposal 2: When eDRX is configured without PTW (i.e., for eDRX cycle lengths of <=10.24s), specify the high priority search rate as 24*eDRX_IDLE cycle length to ensure that the high priority search rate is not faster than the normal search rate.
Proposal 3: When eDRX is configured with PTW (i.e., for eDRX cycle lengths of >10.24s), specify the high priority search rate as 12*eDRX_IDLE cycle length to ensure that the high priority search rate is not faster than the normal search rate.
Proposal 4: For INACTIVE mode, the same search rate as IDLE mode applies with eDRX_INACTIVE cycle length instead of eDRX_IDLE cycle length.
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