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1	Introduction
The initial discussions to identify the RRM impact of the Rel-18 RedCap WI objectives took place at last meeting and outcome of the discussions were captured in [1]. In this contribution, we provide more analysis and our updated view on how the new, especially the enhanced eDRX requirements in RRC INACTIVE state, shall be defined. 
2	Discussions
2.1 	Enhanced eDRX in RRC INACTIVE state
Ranges for eDRX > 10.24 in RRC INACTIVE state
At last meeting when the RRC INACTIVE state eDRX cycles longer than 10.24s was discussed, some companies stated that RAN4 should wait for RAN2 progress since important details of enhanced eDRX in RRC INACTIVE state are not yet resolved in RAN2. Below we have summarized the latest progress on enhanced eDRX achieved by RAN2.  
RAN2 has agreed to reuse the formula for determining PH/PTW from RRC IDLE eDRX for enhanced RRC INACTIVE eDRX longer than 10.24s. It has also agreed that PTW length configuration for RAN paging is up to RAN and PTW length can be different from the CN PTW length. The PTW starting location is the same for the case when RAN and CN paging cycle coincide in the same PH. In addition, RAN2 has agreed that the PTW length value range for enhanced INACTIVE eDRX is same as IDLE eDRX, i.e. from 1.28s to 40.96s in the step of 1.28s. Similarly, the long eDRX cycle value range is agreed from 20.48s to 10485.76s.

Observation 1: PTW length value range for enhanced INACTIVE eDRX is from 1.28s to 40.96s in the step of 1.28s.
Observation 2: Long eDRX value range for enhanced INACTIVE eDRX is from 20.48s to 10485.76s.

Based on the above progress, RAN4 has sufficient information to initiate the work on defining the requirements. 

eDRX for serving and neighbour ell measurements
The RedCap UE in RRC INACTIVE state monitors both RAN and CN originated paging. In Rel-17 RedCap the RRC INACTIVE state measurement requirements were defined assuming measurement rules shown in Table 1.
	Type of measurements
	RRC_IDLE eDRX config.
	RRC INACTIVE eDRX config.
	Measurement rules

	Serving cell measurements
	2.56 ≤eDRX_IDLE cycle length ≤10485.76
	0.32 ≤DRX_Inactive cycle length ≤2.56; 

2.56 ≤eDRX_Inactive cycle length ≤10.24 if inactive eDRX is configured

	Measures according to T

	Intra/inter-frequency/Inter-RAT E-UTRAN measurements
	2.56 ≤eDRX_IDLE cycle length ≤ 10485.76

	0.32, 0.64, 1.28, 2.56, 5.12, 10.24
	Measures according to DRX or eDRX INACTIVE cycles


Table 1  Measurement rules from Rel-17 RedCap for INACTIVE state eDRX cycles < 10.24 sec.

Furthermore, support for enhanced eDRX cycle greater than 10.24s is introduced in Rel-18 RedCap which gives rise to new cases shown in Table 2. For these new cases, our view is that the Rel-17 RedCap measurement rules in RRC INACTIVE state can be reused as follows:
	Type of measurements
	RRC_IDLE eDRX config.
	RRC INACTIVE eDRX config.
	Measurement rules

	Serving cell measurements
	2.56 ≤eDRX_IDLE cycle length ≤10485.76
	2.56 ≤eDRX_IDLE cycle length ≤10485.76
	Measures according to T

	Intra/inter-frequency/Inter-RAT E-UTRAN measurements
	2.56 ≤eDRX_IDLE cycle length ≤ 10485.76

	2.56 ≤eDRX_IDLE cycle length ≤10485.76
	Measures according to DRX or eDRX INACTIVE cycles


Table 2 Proposed measurement rules for Rel-18 RedCap for INACTIVE state eDRX cycle > 10.24 sec.

For eDRX cycles > 10.24 seconds, the measurement rules in Table 2 for serving cell and neighbour cell measurements from Rel-17 RedCap are reused.

In addition, RAN4 also discussed when to measure when the UE is configured with eDRX configurations with PTW in both IDLE and INACTIVE state. As eDRX is a power saving feature, it was proposed in [4] that the UE shall measure within the PTWs of both IDLE and INACTIVE state. It is noted that following agreement related to the starting locations of IDLE and INACTIVE eDRX PTW was reached in RAN2 [RAN2#121]:
	· RAN2 confirms the R17 agreements made at RAN2#114 for enhanced INACTIVE eDRX: 
· It is up to RAN to configure the length for PTW for RAN paging, the RAN PTW length can be different from the CN PTW length.
· When RAN and CN paging coincide in the same PH, the actually used PTW starting location is the same for RAN and CN paging. FFS how to calculate the PTW starting location so that it is the same for RAN and CN PTW.



Taking into account the RAN2 agreement that PTW starting location is same for RAN and CN paging, we do agree that the UE shall measure during the overlapping PTWs of both IDLE and INACTIVE eDRX when the PTWs coincide. 
For R18 RedCap UE in INACTIVE state with both IDLE and INACTIVE eDRX configurations larger than 10.24s with coinciding PTWs, UE shall perform measurements within PTW(s) for both idle eDRX and inactive eDRX.

Nevertheless, the UE behaviour for the case when the PTWs are not overlapping needs further discussions in RAN4. For example, there could be scenarios when the RAN paging and CN paging have different periodicities which makes having coinciding IDLE and INACTIVE PTWs not always possible. In this case, how the UE shall perform the measurements need to be clarified, e.g. should the UE measure according to the PTW configuration of the INACTIVE state or based on the PTW with shortest periodicity. 
RAN4 to clarify the measurement behavior when the PTWs of IDLE and INACTIVE states are not coinciding. 


CG-SDT with enhanced eDRX
The impact on CG-SDT due to eDRX longer than 10.24 seconds was brought up at last meeting which resulted in following captured in [1]:
	CG-SDT requirements with PTW
· Option 1: New CG-SDT requirement shall be specified for Rel-18 eRedCap UE with PTW. Details are FFS.



RAN4 has defined the time ranges for valid RSRP1 and RSRP2 measurements for FR1 with eDRX as follows for RedCap:
Table 1 Valid measurement for FR1 with eDRX cycle
	Measurement
	FR1

	RSRP1
	(T1 – min(640ms, M1* T)) ≤ T1’ ≤ (T1 + min(640ms, M1* T))

	RSRP2
	(T2 – min(640ms, M1* TeDRX-RAN)) ≤ T2’ ≤ T2

	Note1:	T is dertermined according to clause 7.1 in [1].



The time range for RSRP2 needs to be updated for the case when eDRX cycle is greater than 10.24 sec since current definition was designed for eDRX cycle of up to 10.24 sec. The current formula will always yield 640 ms considering that the eDRX cycle for Rel-18 RedCap can be up to 10485.76 sec. Therefore, we propose to redefine the RSRP2 time range as follows for FR1 when eDRX cycle > 10.24 sec.

RSRP2 time range in FR1 with eDRX cycle > 10.24 sec is defined as (T2 –640ms) ≤ T2’ ≤ T2.

In addition, other potential impact was also mentioned in [3] such as whether TA validation shall be contained in a single PTW, or across multiple PTWs and whether SDT transmissions can occur outside the PTW. Our understanding is that CG-SDT configuration is independent of eDRX configuration and can therefore occur inside or outside of the PTW. If configured to transmit, the UE shall validate the TA based on the time range definitions of RSRP1 and RSRP2 and transmit the SDT assuming that TA is valid regardless of PTW location. 

Observation 3: CG-SDT configuration can be independent of eDRX configuration for the case when eDRX > 10.24. 
Observation 4: CG-SDT transmission can occur inside or outside of PTW when eDRX > 10.24. 


RRM impact of baseband BW reduction in FR1
The RRM impact of baseband BW reduction in FR1 was discussed where following potential impact was identified [1]:
	· FFS on possible impacts on SIB1 reading and paging reception related RRM requirements.



The CGI identification requirements for RedCap are defined in clause 9.11A.2 in [2], and the requirements consists for two parts: CGI reporting delay and CGI reporting scheduling restriction. It is noted that the baseband BW applies only to the PDSCH (both unicast and broadcast) and PUSCH is reduced 5 MHz while the RF BW remains 20 MHz in FR1. Since the existing SIB1 reading delay in the CGI reading is derived based on 24RBs for PDSCH, potential impact is explained below using the RAN1 agreements. For example, current requirements for SIB1 reading are as follows:
· 	TSIB1_redcap = 6 * TRMSI-scheduling ms for 2 Rx RedCap. 
· 	TSIB1_redcap = 12 * TRMSI-scheduling ms for 1 Rx RedCap.
According to RAN1 agreements [5] so far, Rel-18 bandwidth-reduced RedCap UE needs to read SIB1 which is transmitted larger than 5MHz, this means gNB can configure the common SIB1 for both Rel-17 RedCap UEs and Rel-18 eRedCap UEs. We think the existing CGI reading requirements can be applied for Rel-18 bandwidth reduced RedCap UE. 
	SIB1 bandwidth

Agreement: (replaced by later agreement)
For UE BB bandwidth reduction, for SIB1 (PDSCH) to Rel-18 RedCap UEs, down-select between the following options:
· Option 1: Restrict the scheduling of SIB1 to be within 5 MHz
· Option 2: Allow the scheduling of SIB1 to be larger than 5 MHz (as in legacy operation)
· FFS: whether 5MHz is assumed to be physically contiguous

Agreement:
Replace the agreement on SIB1(PDSCH) for UE BB bandwidth reduction with the following:
For UE BB bandwidth reduction, for SIB1 (PDSCH),
· Allow the scheduling of SIB1 to be larger than 5 MHz (as in legacy operation)
· FFS: UE post-FFT buffering “assumption” (replaced by later agreement)




Observation 5: Rel-18 bandwidth-reduced RedCap UE needs to read SIB1 which is transmitted larger than 5MHz.

No impact on CGI reading requirements due to baseband BW reduction of PDSCH. 

The paging interruption requirements for RedCap is defined as follows [2]:
TSI-NR + 2*Ttarget_cell_SMTC_period ms.
Potential impact could be on TSI-NR, however, since the exact delay is not explicitly defined and only a parameter is used in the core requirements, we do not foresee any impact on the paging reception requirements due to baseband BW reduction.
No impact on paging reception requirements due to baseband BW reduction. 


Applicability of Rel-17 RLM/BFD relaxation for Rel-18 RedCap
[bookmark: _In-sequence_SDU_delivery]It was proposed to discuss and introduce support for Rel-17 RLM/BFD relaxation for Rel-18 RedCap in [3]. Although this objective is not part of Rel-18 RedCap WID, our view is that RAN4 can introduce this support for 2 Rx RedCap UE with minor effort for Rel-18 RedCap since the requirements will be similar. For example, the existing relaxation conditions (such as good serving cell conditions and low mobility conditions) and scaling factor can be reused for 2 Rx RedCap UE. But work to introduce relaxed RLM/BFD for 1 Rx RedCap work may require more work which cannot be handled within this WI.
Observation 6: The Rel-17 requirements for relaxed RLM/BFD requirements can be reused for Rel-18 2 Rx RedCap. 

3	Summary
In this contribution we have discussed the RRM impact of the eDRX objective and other issues identified at the previous RAN4 meeting for Rel-18 RedCap UEs. Based on the discussions, we have made following observations and proposals:

Observation 1: PTW length value range for enhanced INACTIVE eDRX is from 1.28s to 40.96s in the step of 1.28s.
Observation 2: Long eDRX value range for enhanced INACTIVE eDRX is from 20.48s to 10485.76s.
1. For eDRX cycles > 10.24 seconds, the measurement rules in Table 2 for serving cell and neighbour cell measurements from Rel-17 RedCap are reused.
1. For R18 RedCap UE in INACTIVE state with both IDLE and INACTIVE eDRX configurations larger than 10.24s with coinciding PTWs, UE shall perform measurements within PTW(s) for both idle eDRX and inactive eDRX.

RAN4 to clarify the measurement behavior when the PTWs of IDLE and INACTIVE states are not coinciding. 

RSRP2 time range in FR1 with eDRX cycle > 10.24 sec is defined as (T2 –640ms) ≤ T2’ ≤ T2.

Observation 3: CG-SDT configuration can be independent of eDRX configuration for the case when eDRX > 10.24. 
Observation 4: CG-SDT transmission can occur inside or outside of PTW when eDRX > 10.24. 

RAN4 to evaluate the impact on SIB1 reading for 1 Rx and 2 Rx RedCap due to baseband BW reduction of PDSCH. 

Observation 5: Rel-18 bandwidth-reduced RedCap UE needs to read SIB1 which is transmitted larger than 5MHz.

No impact on paging reception requirements due to baseband BW reduction. 

Observation 6: The Rel-17 requirements for relaxed RLM/BFD requirements can be reused for Rel-18 2 Rx RedCap. 
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