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1. Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK1][bookmark: OLE_LINK110][bookmark: OLE_LINK111][bookmark: _GoBack]In the last RAN4 meeting, WF on R18 RedCap RRM requirements was approved [1]. In this contribution, some open issues are further discussed.
2. Discussion
In Rel-17 RedCap, the eDRX cycle is up to 10.24s, so PTW is not considered for eDRX in the RRC_INAACTIVE state. In Rel-18 eRedCap WI, eDRX>10.24s is supported for RRC_ INAACTIVE, with the advantage of being able to effectively support periodic uplink data SDT cases with a periodicity of>10.24s, as well as having additional power saving gains. RAN4 should specify RRM requirements with PTW for RRC_INACTIVE state.
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Defining of requirements for eDRX cycle > 10.24 sec in FR1 and FR2
When configured with both IDLE and INACTIVE eDRX configurations for serving cell measurements
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Wait for the RAN2 decisions on the T value and PTW length design before defining serving cell measurements requirements 
Regarding the serving cell measurement requirements in Rel-17 RedCap, there is a difference between IDLE and INACTIVE, that is, ‘T is determined according to clause 7.1 in TS38.304’ is only used for INACTIVE requirements.
When configured with both IDLE and INACTIVE eDRX configurations for serving cell measurements, the serving cell measurement requirements in Rel-17 RedCap are specified based on T (paging DRX). When there are two PTWs (CN PTW and RAN PTW) in Rel-18 eRedCap, the value of T will be more complex when the two PTWs overlap. How to design T value and PTW length has been discussed in RAN2 in the last meeting, and the following is agreed [2]:
	PTW and PHs
RAN PTW length is mandatorily present within Rel-18 INACTIVE eDRX’s configuration.
Use the same UE_ID_H as IDLE eDRX for calculating the PH for RAN paging when INACTIVE eDRX is longer than 10.24s.
Use TeDRX_RAN instead of TeDRX_CN to calculate the PH for RAN paging when TeDRX_RAN is longer than 10.24s.
For the overlapping PH, RAN PTW starting location is determined based on CN eDRX cycle.
For the non-overlapping PH, PTW starting location for RAN PTW is determined based on the CN eDRX cycle.
T-calculation
In an overlapped or non-overlapped PH: Within RAN PTW and outside CN PTW, T = RAN configured DRX cycle
If this is even a valid case (we will decide later): In an overlapped PH: Within CN PTW and outside RAN PTW, T = min {CN configured DRX cycle, default paging cycle broadcast in system information}.
In an overlapped PH: Within both CN PTW and RAN PTW, T = min {CN configured DRX cycle, RAN configured DRX cycle, default paging cycle broadcast in system information}.


[bookmark: OLE_LINK22][bookmark: OLE_LINK23]Proposal 1: The requirement shall be specified based on T like in R17 inactive mode requirement with eDRX, and T shall refer to RAN2 definition as following:
· In an overlapped or non-overlapped PH: Within RAN PTW and outside CN PTW, T = RAN configured DRX cycle
· If this is even a valid case (we will decide later): In an overlapped PH: Within CN PTW and outside RAN PTW, T = min {CN configured DRX cycle, default paging cycle broadcast in system information}.
· In an overlapped PH: Within both CN PTW and RAN PTW, T = min {CN configured DRX cycle, RAN configured DRX cycle, default paging cycle broadcast in system information}.
When to measure when configured with both IDLE and INACTIVE eDRX configurations larger than 10.24s for serving cell measurements
· Measurements/evaluation period shall be constrained to be within a single PTW irrespective of whether IDLE or INACTIVE eDRX PTW is being used.
· Note: Wait for the RAN2 decisions on the T value and PTW.  
The above agreement means measurement and evaluation period must be constrained in one PTW window That is, since adjacent valid samples may be far apart, in order to obtain a measurement result, the measurement of UE is not expected to cross the PTW window. From another perspective, due to the unpredictability of measurements outside of PTW, this constraint also means that UE shall not perform measurements outside of PTW (s) for idle eDRX and inactive eDRX [3].
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]According to the conclusion on PTW and PHs in RAN2 last meeting, whether RAN4 need to further clarify the single PTW can be any PTW (CN paging PTW or RAN PTW) for an overlapped or non-overlapped PH may need to be considered. 
Observation 1: According to the conclusion on PTW and PHs in RAN2 last meeting, whether RAN4 need to further clarify the single PTW can be any PTW (CN paging PTW or RAN PTW) for an overlapped or non-overlapped PH may need to be considered. 
CG-SDT requirements with PTW
· FFS whether to define requirements for CG-SDT for Rel-18 eRedCap UE with PTW
· Option 1: New CG-SDT requirement shall be specified for Rel-18 eRedCap UE with PTW. Details are FFS.
In the current spec, section 5.2B.2 in TS38.133 specifies the requirements for CG-SDT for RedCap [4], where Table 5.2B.2.1-3 defines the valid measurement for FR1 with eDRX cycle. As the current eDRX assumption is based on eDRX<=10.24s, it is necessary to consider the scenario where eDRX>10.24s, and whether the current conditions included TA validation and RSRP threshold for CG-SDT transmission need to be updated.
In Rel-17, the RedCap CG-SDT requirements don’t consider the PTW scenario. It is suggested that the new CG-SDT requirements should be specified for Rel-18 eRedCap UE with PTW. Further discussion is needed on whether to allow initial SDT transmission or subsequent SDT transmission outside the PTW window.
Proposal 2: For the requirements for CG-SDT for RedCap, it is necessary to consider the scenario where eDRX>10.24s, and whether the current conditions included TA validation and RSRP threshold for CG-SDT transmission need to be updated.
Proposal 3: Further discussion is needed on whether to allow initial SDT transmission or subsequent SDT transmission outside the PTW window.
CG-SDT requirements with PTW: RSRP2 time range 
Following option is to be discussed after RAN4 has identified whether new requirements are to be specified for Rel-18 eRedCap with PTW:
· RSRP2 time range in FR1 with eDRX cycle > 10.24 sec is defined as (T2 –640ms) ≤ T2’ ≤ T2.
RAN4 has defined the time ranges for valid RSRP1 and RSRP2 measurements for FR1 with eDRX as follows for RedCap in TS 38.133 [4]:
· Table 5.2B.2.1-3 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].


Because current definition of time range for RSRP1 and RSRP2 was designed for eDRX cycle of up to 10.24s, when eDRX cycle is greater than 10.24s, the time range for RSRP2 needs to be updated. According to the current calculation formula, due to the eDRX cycle for Rel-18 RedCap being up to 10485.76s and M1 may be larger, min(640ms, M1* TeDRX-RAN) =640ms in RSRP2 time range is reasonable [3]. 
Proposal 4: RSRP2 time range in FR1 with eDRX cycle > 10.24 sec is defined as (T2 –640ms) ≤ T2’ ≤ T2.
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]RRM impact due to baseband reduction
Impact on CGI reading requirements
· [bookmark: OLE_LINK24][bookmark: OLE_LINK25]FFS whether to define CGI reading requirements for Rel-18 eRedCap UEs
· If CGI reading requirements for Rel-18 eRedCap UEs are introduced
· If SIB1 is scheduled within 5MHz BW
· Reuse existing requirements for SIB1 reading for the case 
· FFS for the requirements for the case of SIB1 scheduled with BW > 5MHz
For whether to define CGI reading requirements for Rel-18 eRedCap UEs, some companies considered that NW may request normal UE to report CGI in the last meeting, so it may unnecessary to define CGI reading requirements for Rel-18 eRedCap UEs. In our understanding, it is not reasonable to assume which UE the NW requests. Considering the extreme case where only Rel-18 eRedCap UE does not have a normal UE, it is obviously not reasonable to assume the NW only requests normal UE to report CGI. So, at least from RAN4 perspective, we should define CGI reading requirements for Rel-18 eRedCap UEs to adapt to various scenarios rather than expecting the behaviour of the NW.
In addition, we also believe that CGI reporing is a basic characteristic and we don't see any other reasons not to support Rel-18 eRedCap UEs for CGI reporting. Therefore, RAN4 should not exclude CGI reading requirements for Rel-18 eRedCap UEs.
Observation 2: It is not reasonable to assume which UE the NW requests. Considering the extreme case where only Rel-18 eRedCap UE does not have a normal UE, it is obviously not reasonable to assume the NW only requests normal UE to report CGI.
Proposal 5: RAN4 need to define CGI reading requirements for Rel-18 eRedCap UEs.
If CGI reading requirements for Rel-18 eRedCap UEs are introduced, we should consider the case of SIB1 scheduled with BW > 5MHz. In such case, we could understand that the Rel-18 RedCap UEs may need to receive partial SIB1 with BW of 5MHz across multiple times to decode full SIB1, it may lead to longer delay as well as longer scheduling restriction comparing with Rel-17 RedCap.
According to the following content in TS 38.133 9.11A,
	9.11A.2	CGI identification of an NR cell with autonomous gaps 
The UE shall identify and report the CGI of a known NR target cell when requested by the network for the purpose of reportCGI. Only one cell is provided to the UE with cellForWhichToReportCGI for identifying the CGI.The UE may make autonomous gaps in both downlink reception and uplink transmission for receiving MIB and SIB1 message according to clause 5.5.3 of TS 38.331 [2]. Note that a UE is not required to use autonomous gap if useAutonomousGaps is set to false. If autonomous gaps are used for measurement with the purpose of reportCGI, regardless of whether DRX is used or not, the UE shall be able to identify a new CGI of NR cell within:
	Tidentify_CGI_redcap = (TMIB_redcap + T SIB1_redcap) ms
Where:
For 2 Rx RedCap UE:
	TMIB_redcap is the time period used to acquire MIB message. TMIB_redcap = 6 * TSMTC ms for target cell carrier frequency on FR1 and TMIB_redcap = 25 * TSMTC ms for target cell carrier frequency on FR2.
	TSIB1_redcap is the time period used to acquire SIB1 message. TSIB1_redcap = 6 * TRMSI-scheduling ms.
For 1 Rx RedCap UE:
	TMIB_redcap is the time period used to acquire MIB message. TMIB_redcap = 6 * TSMTC ms for target cell carrier frequency on FR1 and TMIB_redcap = 25 * TSMTC ms for target cell carrier frequency on FR2.
	TSIB1_redcap is the time period used to acquire SIB1 message. TSIB1_redcap = 12 * TRMSI-scheduling ms.
	Where TSMTC is the SMTC periodicity configured for the target cell measurement, and TRMSI-scheduling is 
-	the periodicity with which the SIB1 is actually transmitted by the NR target cell when SSB and RMSI CORESET multiplexing pattern is 1
-	the maximum between the periodicity with which the SIB1 is actually transmitted by the NR target cell and TSMTC when SSB and RMSI CORESET multiplexing pattern is 2 or 3.
The requirement for identifying the CGI of an NR cell within Tidentify_CGI_redcap is applicable when no DRX is used as well as when any of the DRX cycles specified in TS 38.331 [2] is used.
Within the time Tidentify_CGI_redcap, over which the UE identifies the CGI of an NR cell, the UE shall fulfil interruption requirements specified in,
-	Clause [8.2.2.2.14] if the UE is configured with SA operation mode.
In the requirement a cell is known if,
-	During the last 5 seconds for FR1 or 3 seconds for FR2 before the reception of the report CGI command:
-	The UE has sent a valid L3-RSRP measurement report with SSB index for the target cell and
-	During MIB decoding at least reported SSBs remains detectable according to the cell identification conditions specified in clauses 9.2B or 9.3B of TS 38.133, and
-	During SIB1 decoding the SSB used for MIB decoding remains detectable according to the cell identification conditions specified in clauses 9.2B or 9.3B of TS 38.133, and
-	During MIB decoding, the SSB for MIB decoding remains detectable with SNR ≥-3dB
-	During SIB1 decoding, the PDSCH for SIB1 decoding remains detectable with SNR ≥-3dB
9.11A.3	CGI reporting delay
The CGI reporting delay is defined as the time between a command that will trigger a CGI report and the point when the UE starts to transmit the measurement report over the air interface. This requirement assumes that the measurement report is not delayed by other RRC signalling on the DCCH. This measurement reporting delay excludes a delay uncertainty of 2 x TTIDCCH resulting when inserting the measurement report to the TTI of the uplink DCCH. This measurement reporting delay excludes any delay caused by lack of UL resources for UE to send the measurement report. 
The CGI reporting delay shall be less than Tidentify_CGI_redcap defined in clause 9.11A.2 plus RRC procedure delay defined in clause 12 in TS 38.331 [2], and additional 20ms margin if target cell is on FR2.
9.11A.4	CGI reporting scheduling restriction
When a RedCap UE is identifying CGI of an NR cell with autonomous gaps, the UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on PCell for the following slots:
-	with up to K1 interruptions with interrupted slots up to X1 specified in Table 9.11A.4-1 for each interruption during MIB decoding time period TMIB_redcap (ms) specified in clause 9.11A.2.
-	with up to L1 interruptions with interrupted slots up to Y1 specified in Table 9.11A.4-1 during SIB1 decoding time period TSIB1_redcap (ms) specified in clause 9.11A.2 for SSB and CORESET for RMSI scheduling multiplexing patterns 1.
-	with up to L2 interruptions with interrupted slots up to interruption length Y2 specified in Table 9.11A.4-1 during SIB1 decoding time period TSIB1_redcap (ms) specified in clause 9.11A.2 for SSB and CORESET for RMSI scheduling multiplexing patterns 2 and 3.
Where:
-	K1 = 6 for the target cell carrier frequency on FR1 and K1 = 25 for the target cell carrier frequency on FR2, and
-	L1 = TSIB1_redcap /20 and
-	L2 = TSIB1_redcap /TSMTC, where TSMTC is the periodicity of the SMTC occasion configured for the target cell carrier.
Table 9.11A.4-1: Interruption length X1, Y1 and Y2 during measurements with autonomous gaps
	[image: ]
	NR Slot length (ms) of victim cell
	Interruption length X1 (slots)
	Interruption length Y1 (slots)
	Interruption length Y2 (slots)

	0
	1
	6
	7
	6

	1
	0.5
	12 
	13
	10

	2
	0.25
	24
	25
	19

	3
	0.125
	48 
	49
	37





[bookmark: OLE_LINK32][bookmark: OLE_LINK33]According to the above spec, for Rel-18 eRedCap UEs, the reduced bandwidth will have an impact on the time period used to acquire SIB1 message (TSIB1_redcap), and then the time used to identify a new CGI of NR cell (Tidentify_CGI_redcap) will be longer, it is also related to the CGI reporting delay in section 9.11A.3 and the CGI reporting scheduling restriction (L1/L2 interruptions and Y1/Y2 interrupted slots) in section 9.11A.4 [4].
Proposal 6: If CGI reading requirements for Rel-18 eRedCap UEs are introduced
· If SIB1 is scheduled with BW > 5MHz, it will impact the following requirements in TS 38.133
· the time period used to acquire SIB1 message (TSIB1_redcap)
· the time used to identify a new CGI of NR cell (Tidentify_CGI_redcap)
· the CGI reporting delay
· the CGI reporting scheduling restriction (L1/L2 interruptions and Y1/Y2 interrupted slots)
3. Conclusion
[bookmark: _Toc423020280]In this paper, we provide our views on R18 RedCap RRM requirements. From this discussion we have derived the following observations and proposals: 
Proposal 1: The requirement shall be specified based on T like in R17 inactive mode requirement with eDRX, and T shall refer to RAN2 definition as following:
· In an overlapped or non-overlapped PH: Within RAN PTW and outside CN PTW, T = RAN configured DRX cycle
· If this is even a valid case (we will decide later): In an overlapped PH: Within CN PTW and outside RAN PTW, T = min {CN configured DRX cycle, default paging cycle broadcast in system information}.
· In an overlapped PH: Within both CN PTW and RAN PTW, T = min {CN configured DRX cycle, RAN configured DRX cycle, default paging cycle broadcast in system information}.
Observation 1: According to the conclusion on PTW and PHs in RAN2 last meeting, whether RAN4 need to further clarify the single PTW can be any PTW (CN paging PTW or RAN PTW) for an overlapped or non-overlapped PH may need to be considered. 
Proposal 2: For the requirements for CG-SDT for RedCap, it is necessary to consider the scenario where eDRX>10.24s, and whether the current conditions included TA validation and RSRP threshold for CG-SDT transmission need to be updated.
Proposal 3: Further discussion is needed on whether to allow initial SDT transmission or subsequent SDT transmission outside the PTW window.
Proposal 4: RSRP2 time range in FR1 with eDRX cycle > 10.24 sec is defined as (T2 –640ms) ≤ T2’ ≤ T2.
Observation 2: It is not reasonable to assume which UE the NW requests. Considering the extreme case where only Rel-18 eRedCap UE does not have a normal UE, it is obviously not reasonable to assume the NW only requests normal UE to report CGI.
Proposal 5: RAN4 need to define CGI reading requirements for Rel-18 eRedCap UEs.
Proposal 6: If CGI reading requirements for Rel-18 eRedCap UEs are introduced
· If SIB1 is scheduled with BW > 5MHz, it will impact the following requirements in TS 38.133
· the time period used to acquire SIB1 message (TSIB1_redcap)
· the time used to identify a new CGI of NR cell (Tidentify_CGI_redcap)
· the CGI reporting delay
· the CGI reporting scheduling restriction (L1/L2 interruptions and Y1/Y2 interrupted slots)
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