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1. Introduction
In RAN4#106 meeting, the WF on eRedCap was approved in [1], and the open issues are captured as followings:
	Defining of requirements for eDRX cycle > 10.24 sec in FR1 and FR2
1. Serving cell requirements in RRC Inactive state for eDRX > 10.24
2. Neighbour cell requirements in RRC Inactive state for eDRX > 10.24
3. When configured with both IDLE and INACTIVE eDRX configurations for serving cell measurements
4. When configured with both IDLE and INACTIVE eDRX configurations for neighbour cell measurements
5. When to measure when configured with both IDLE and INACTIVE eDRX configurations for serving and neighbour cell measurements
6. CG-SDT requirements with PTW
RRM impact due to baseband reduction
1. RRM impact of baseband BW reduction in FR1
2. RAN4 impact due to THARQ 
Applicability of Rel-17 RLM/BFD relaxation requirements to Rel-18 RedCap



In this contribution we continue the discussion on the RRM impact for eRedCap UE.
2. Discussion on eRedCap RRM
The objectives in the WID[1] are as followings:
	The objective is to specify support for the following enhancements: 
Power saving/energy efficiency enhancements
· Enhanced eDRX in RRC_INACTIVE (>10.24s) [RAN2, RAN3, RAN4]
· Note that this objective requires SA2, CT1 and CT4 involvement
Complexity/cost reduction
· Further reduced UE complexity in FR1 [RAN1, RAN2, RAN4]
· UE BB bandwidth reduction
· 5 MHz BB bandwidth only for PDSCH (for both unicast and broadcast) and PUSCH, with 20 MHz RF bandwidth for UL and DL
· The other physical channels and signals are still allowed to use a BWP up to the 20 MHz maximum UE RF+BB bandwidth.
· Support additional separate early indication(s) [RAN1, RAN2]
· UE peak data rate reduction
· Relaxation of the constraint (vLayers·Qm·f ≥ 4) for peak data rate reduction
· The relaxed constraint is, e.g., 1 (instead of 4).
· The parameters (vLayers, Qm, f) can be as in Rel-17 RedCap.
· Both 15 kHz SCS and 30 kHz SCS are supported.
· Aim to define at most one Rel-18 RedCap UE type for further UE complexity reduction.
· The existing UE capability framework is used, and changes to capability signalling are specified only if necessary. By default, all UE capabilities applicable to a Rel-17 RedCap UE are applicable unless otherwise specified.
Notes:
· The work defined as part of this WI is not to overlap with LPWA use cases.
· Coexistence with non-RedCap UEs and Rel-17 RedCap UEs should be ensured.
· This WI considers all applicable duplex modes unless otherwise specified.
Check in RAN#99 regarding:
· Whether UE peak data rate reduction for UE is limited only with UE BB bandwidth reduction or standalone



Regarding “Power saving/energy efficiency enhancements”, the enhanced eDRX for RRC_INACTIVE mode in FR1 is considered, and the eDRX cycle can be greater than 10.24s. In Rel-17 RedCap, the eDRX cycle is up to 10.24s and therefore eDRX in RRC_INACTIVE state does not have PTW. After introducing enhanced eDRX, the RRM requirements with PTW shall be specified for RRC_INACTIVE state. 
In last RAN2 #121 meeting, following agreements were achived for eDRX in Inactive mode for eRedCap:
	RAN2 made the following agreements related to enhanced eDRX in RRC_INACTIVE:

· The formula of PH/PTW for IDLE eDRX can be reused for enhanced INACTIVE eDRX, for eDRX cycles longer than 10.24s.
· 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.
· PTW length value range of enhanced INACTIVE eDRX is same as IDLE eDRX, i.e. from 1.28s to 40.96s in the step of 1.28s.
· Long eDRX cycle (>10.24 s) value range of enhanced INACTIVE eDRX is same as IDLE eDRX from 20.48s to 10485.76s, i.e., hf2, hf4, hf8, hf16, hf32, hf64, hf128, hf256, hf512, hf1024
· Add the configuration of eDRX cycle (>10.24 s) and PTW length for enhanced INACTIVE eDRX in the RRCRelease message
· Introduce 1 bit indication in SIB1 whether UEs are allowed to use the enhanced INACTIVE eDRX cycle.
· FFS if/how to fallback for a UE which is configured with R18 eDRX but the gNB doesn’t indicate support for this.
· RAN2 confirms the enhanced INACTIVE eDRX can be applied to all R18 UEs. FFS if it can only be supported by UEs which support R17 eDRX.
· Indicate to [RAN3/SA2/CT1] that RAN2 intends to configure INACTIVE eDRX (beyond 10.24s) together with SDT (both MO and/or MT versions of SDT), and ask for feedback, if any.
· RAN2 sent an LS to SA2, CT1 and RAN3 in R2-2302082 informing them that in Rel-18, RAN2 intends to allow configuring eDRX beyond 10.24 sec in RRC_INACTIVE together with SDT features (including MO and/or MT versions of SDT).



The existing serving cell measurement requirement for R17 RedCap UE in IDLE mode was specified as (use FR1 as example):
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Long eDRX cycle (>10.24 s) value range is from 20.48sec to 10485.76sec, and the PTW length is in step of 1.28s (the longest PTW length is 40.96s), which is in line with the RAN2 design for R18 eRedCap UE in Inactive mode:
· PTW length value range of enhanced INACTIVE eDRX is same as IDLE eDRX, i.e. from 1.28s to 40.96s in the step of 1.28s.
· Long eDRX cycle (>10.24 s) value range of enhanced INACTIVE eDRX is same as IDLE eDRX from 20.48s to 10485.76s, i.e., hf2, hf4, hf8, hf16, hf32, hf64, hf128, hf256, hf512, hf1024

Thus, we think the option 1a in WF R4-2303259[1] makes sense. However, for the serving cell measurement requirement in Rel-17 RedCap, there is one difference between IDLE and INACTIVE states that the “T according to clause 7.1 in TS38.304” was only used for INACTIVE requirement, as shown below. We think the serving cell measurement requirement in Inactive mode with PTW shall also follow the same principle to use the T as the step size instead of DRX or eDRX cycle since the serving cell measurement behavior inside PTW window can also align with the PO reception.
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For neighbor cell measurement, the measurement interval can be different from serving cell, like R17 RedCap Inactive mode, and we don’t need to consider T in the neighbor cell measurement. 
Proposal 1: For both serving cell and neighbor cell requirements in RRC Inactive state for eDRX > 10.24, 
· the long eDRX cycle (>10.24 s) value range is from 20.48sec to 10485.76sec
· 1.28s ≤ PTW length ≤ 40.96s, with 1.28s granularity
When configured with both IDLE and INACTIVE eDRX configurations for serving cell measurements, the requirement shall be based on T like in R17 Inactive mode requirement with eDRX, and T can be referred to RAN2 definition in TS38.304.
Proposal 2: When configured with both IDLE and INACTIVE eDRX configurations for serving cell measurements, the requirement shall be specified based on T like in R17 Inactive mode requirement with eDRX, and T can be referred to RAN2 definition in TS38.304.
When configured with both IDLE and INACTIVE eDRX configurations for neighbour cell measurements, the measurement interval can be defined like for R17 IDLE case. In R17 the measurement/detection/evaluation delay is defined in the step of DRX cycle or eDRX cycle depending on whether the eDRX cycle length is above 10.24s or not, e.g., as shown in the note3 of following example. However, in Inactive mode, UE shall follow the Inactive eDRX configuration from RAN rather than IDLE eDRX configuration from CN.
[image: ]
Proposal 3: When configured with both IDLE and INACTIVE eDRX configurations for neighbour cell measurements, the detection/measurement/evaluation delay requirement shall be specified in the step of:
· INACTIVE eDRX cycle, if the eDRX_Inactive=2.56/5.12/10.24sec
· DRX cycle, if eDRX_Inactive  20.48sec
Another issue is about the measurement inside PTW window, we think the legacy principle shall still be kept for Inactive long eDRX case, i.e., measurement and evolution period must be contained in one single PTW window (measurement/evaluation cross PTW windows is not expected).
Proposal 4: For R18 RedCap UE in inactive mode with both RRC_IDLE eDRX configuration and RRC_INACTIVE eDRX configuration which are larger than 10.24s, UE shall perform measurements/evaluation within single PTW(s) for both IDLE eDRX and INACTIVE eDRX.
In addition, the requirements for Rel-17 RedCap CG-SDT did not consider PTW scenario either, and the new CG-SDT requirement shall be specified for Rel-18 eRedCap UE with PTW. In our view, some potential issues need to be addressed for CG-SDT with PTW, e.g., whether TA validation shall be contained in single PTW or can be cross PTWs; and whether SDT occasion can be used outside PTW window or not. 
Proposal 5: new CG-SDT requirement shall be specified for Rel-18 eRedCap UE with PTW. Details are FFS.
Based on the following RAN2 agreement, we think RAN4 also needs to study the UE behavior during transition between short Inactive eDRX (≤10.24sec) and long Inactive eDRX(20.48sec) in Inactive mode during the cell reselection, since UE may move from one cell supporting long Inactive eDRX to a cell supporting short Inactive eDRX only or the way around.
· Introduce 1 bit indication in SIB1 whether UEs are allowed to use the enhanced INACTIVE eDRX cycle.
· FFS if/how to fallback for a UE which is configured with R18 eDRX but the gNB doesn’t indicate support for this.

Proposal 6: RAN4 to discuss the UE behavior and corresponding requirement for the transition between short INACTIVE eDRX (≤10.24sec) and long INACTIVE eDRX(20.48sec).
Regarding the applicability of Rel-17 RLM/BFD relaxation requirements to Rel-18 RedCap, it was also discussed in RANP #99 meeting, but no conclusion has been made. Since this work will involve both RAN2 and RAN4, we recommend to continue such discussion in RAN plenary meeting.
Proposal 7: it shall be decided in RAN plenary whether RAN4 needs to specify the RLM/BFD relaxations for RedCap UEs as a part of eRedCap WI.
3. Conclusion
In this contribution we discuss the impact on RRM for the eRedCap UE.
Proposal 1: For both serving cell and neighbor cell requirements in RRC Inactive state for eDRX > 10.24, 
· the long eDRX cycle (>10.24 s) value range is from 20.48sec to 10485.76sec
· 1.28s ≤ PTW length ≤ 40.96s, with 1.28s granularity
Proposal 2: When configured with both IDLE and INACTIVE eDRX configurations for serving cell measurements, the requirement shall be specified based on T like in R17 Inactive mode requirement with eDRX, and T can be referred to RAN2 definition in TS38.304.
Proposal 3: When configured with both IDLE and INACTIVE eDRX configurations for neighbour cell measurements, the detection/measurement/evaluation delay requirement shall be specified in the step of:
· INACTIVE eDRX cycle, if the eDRX_Inactive=2.56/5.12/10.24sec
· DRX cycle, if eDRX_Inactive  20.48sec
Proposal 4: For R18 RedCap UE in inactive mode with both RRC_IDLE eDRX configuration and RRC_INACTIVE eDRX configuration which are larger than 10.24s, UE shall perform measurements/evaluation within single PTW(s) for both IDLE eDRX and INACTIVE eDRX.
Proposal 5: new CG-SDT requirement shall be specified for Rel-18 eRedCap UE with PTW. Details are FFS.
Proposal 6: RAN4 to discuss the UE behavior and corresponding requirement for the transition between short INACTIVE eDRX (≤10.24sec) and long INACTIVE eDRX(20.48sec).
Proposal 7: it shall be decided in RAN plenary whether RAN4 needs to specify the RLM/BFD relaxations for RedCap UEs as a part of eRedCap WI.
References
[1] R4-2303259, WF on R18 RedCap RRM requirements, Ericsson, RAN4 #106

image2.png
Table 5.1B.2.2-1: Nserv_redcap for inactive Redcap UE configured with eDRX_IDLE cycle, (Frequency

range FR1)
+
eDRX_IDLE cycle DRX or eDRX INACTIVE T[s] Nserv
length [s] cycle length[s] _RedCap
[number
of T]
2.56 <eDRX_IDLE 0.32 <DRX_Inactive cycle 0.32 4*M1
cycle length <10485.76 length <2.56; or 0.64 4*M1
2.56 <eDRX_Inactive cycle 1.28 2
length £10.24 if inactive eDRX 2.56 2
is configured 512 2
10.24 2
Note1: T is dertermined according to clause 7.1 in [1]. |
Note2: M1=2 if SMTC periodicity (Tsmrc) > 20 ms and T< 0.64 second, otherwise
M1=1.
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Table 4.2B.2.3-2: Tdetect,NR_Intra_RedCaps Tmeasure,NR_Intra_RedCap @N Tevaluate,NR_Intra_redcap fOr UE configured
with eDRX_IDLE cycle (Frequency range FR1)

eDRX_IDLE | DRX | PTW Tdetect,NR_Intra_RedCap [S] Tmeasure,NR_Intra_RedCap | Tevaluate,NR_Intra_RedCap
cycle cycle | length (number of DRX cycles or | [s] (number of DRX | [s] (number of DRX
length [s] length | [s] eDRX cycles Note3) cycles or eDRX cycles or eDRX
[s] (number cycles Note3) cycles Note3)
of 1.28s
periods)
2.56 - - 58.88 (23) 2.56 (1) 7.68 (3)
5.12 B B 117.76 (23) 512 (1) 10.24 (2)
10.24 B B 235.52 (23) 10.24 (1) 20.48 (2)
20.48 < 0.32 | 2[1.28] | eDRX cycle_length 0.32xM2 (1xM2) | 0.64x M2 (2 x M2)
eDRX_IDLE ) " 23
cycle length PTW /DRX cycle_length
<10485.76 064 | 2[1.28] 0.64 (1) 1.28 (2)
(S @
128 | 2[2.56] 1.28 (1) 256 (2)
([2))
256 | 25.12] 256 (1) 512 (2)
([4))
The number of DRX cycles in this table is given for the DRX cycles within PTWs.
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. X
Note 4:  The lower bound of PTW length is derived based on w *1.28.
Note 5: M2 = 1.5 if SMTC periodicity of measured intra-frequency cell > 20 ms otherwise M2=1.
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Table 4.2B.2.2-2: Neery_redacap for UE configured with eDRX_IDLE cycle (Frequency range FR1)

eDRX_IDLE cycle DRX PTW Scaling Nserv_RedCap
length [s] cycle length [s] Factor [number of
length [s] | (number (N1) DRX or eDRX
of 1.28s cycles Note3]
periods)
2.56 N/A N/A N1*2
5.12 N/A N/A N1*2
10.24 N/A N/A N1*2
0.32 2[1.28] (1) 1 N1*M1*2
0.64 >1.28 (1) N1*M1*2
20.48 < eDRX_IDLE o gé)(g)’
cycle length <10485.76 '(N'H =2)
1.28 22.56 (2) N1*2
2.56 >5.12 (4) N12
NOTE 1: The number of DRX cycles in this table is given for the DRX cycles within
PTWs.
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
[Nserv,nedcap .nnx,cycle] 128
128





