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1. Introduction
This contribution provides our views on Rel-18 eRedCap WID scope.
2. Discussion on Rel-18 eRedCap WID scope
RAN #97-e meeting approved the WID on support of reduced capability NR devices. In the WID [1], followings need to be checked in RAN #98-e meeting:
	Check in RAN#98-e regarding:
· Whether UE peak data rate reduction for UE is limited only with UE BB bandwidth reduction or standalone
· [bookmark: _Hlk114587752]Whether or not/how a separate early indication can be supported
· Other restrictions of the WI (e.g., connectivity restrictions, band, etc.)



In addition, following objectives that were already included in the draft WID [2] since RAN#94 e-meeting for Rel-18 eRedCap scope should be revisited in this RAN meeting. 

	[bookmark: _Hlk112784946]To further expand the RedCap use cases, the following enhancements can be considered:
Power saving/energy efficiency enhancements   
· [bookmark: _Hlk112784540]Enhanced eDRX in RRC_INACTIVE (>10.24s) [RAN2, RAN3, RAN4]
· Note that this objective requires SA2, CT1 involvement
[bookmark: _Hlk112839883][bookmark: _Hlk112784746]Complexity/cost reduction   
· TBD based on SI outcome: Further reduced UE cost / complexity [RAN1] 
· 
· Support for lower UE power class [RAN4] 
· [bookmark: _Hlk120280335][bookmark: _Hlk112784577][bookmark: _Hlk120291001]Focus on non-coverage-limited scenarios, e.g., indoor industrial
[…]



In the following, we provide our views on Rel-18 eRedCap WID scope focusing on lower UE power class, early indication and NCD-SSB support for RedCap UEs in RRC Idle/Inactive mode.
2.1. Lower UE power class
For the introduction of “Support for lower UE power class” for Rel-18 eRedCap WID, no objection was raised in RAN#94-e meeting as long as this objective would not result in additional specification work on coverage enhancements. Therefore, the sub-bullet that “Focus on non-coverage-limited scenarios, e.g., indoor industrial” was added. Then, the “support for lower UE power class focusing on non-coverage-limited scenarios” was included in the draft WID [1], which was the outcome from “RAN#94e-R18Prep-05-RedCap Evolution” scoping discussion [3, RP-212665]. However, during RAN#97-e meeting, some companies raised the concern, questioning the complexity/cost reduction benefits about lower UE power class.   
The complexity/cost reduction for lower UE power class was evaluated for MTC in TR36.888. Following are the observations:
	“The power amplifier accounts for 25-30% of the cost of the RF module of the reference LTE modem with the RF functional block accounting for 40% of the total cost of the modem. Removal of the power amplifier will result in a 10-12% overall relative cost saving and an output power in the order of 0dBm. A lower saving is seen when the power amplifier is retained but there is a reduction in output power and relaxation in linearity: in this case the saving amounts to 2-7%.”



Currently, NR devices are mandated to support 23dBm power class by using GaAs based external PA. If the UE power class can be reduced to 20dBm or lower, it would be possible to implement without external PA thus reducing the device cost. Taking the lower power class of 14dBm as one example, assuming the cost saving is linearity which is used in general for evaluating the cost/complexity reduction for BW reduction, even without combining 5MHz BB BW reduction, peak data reduction, the cost saving can be 17.6% compared to the Rel-17 RedCap with HD-FDD, 1Rx. This cost saving is much more compared to 5MHz BB BW reduction and/or peak data reduction. 
Observation 1: Significant device cost reduction can be achieved by lower UE power class to 14dBm~20dBm.

In addition, in RAN Rel-18 workshop, [4] and [5] provided some data/results for lower UE power class.
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	Figure 1. PAE (marked in red when less than 5%), N78 and N41
Two PA implementation choices: 1) Constant 4.2V P_DC; 2) APT (adaptive power tracking) [4]
	Figure 2. UE Tx power distribution [4]
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Figure 3. PAE v.s. UE power class [5] (max Tx power is 20dBm for PC5)



From figure 2, the following are observed: 
· From SLS based on 3GPP model, 
· For InH scenario, 10dBm Tx power level is sufficient for 100% UEs
· For dense urban scenario, 15dBm Tx power is sufficient for 90%+ UEs with 20MHz Tx BW; 15dBm Tx power is sufficient for 100% UEs with 5MHz Tx BW or lower. Note that UL transmission BW of Rel-18 eRedCap UEs is restricted to 5MHz, therefore reducing the UE Tx power to 15dBm does not cause any coverage issue for eRedCap UEs. 

Observation 2: 
· Reducing the UE power class to 20dBm does not cause coverage issue for RedCap UEs (20MHz), in both indoor and dense urban scenario 
· Reducing the UE power class to 15dBm does not cause coverage issue for RedCap UE (20MHz) in indoor scenario
· Reducing the UE power class to 15dBm does not cause coverage issue for eRedCap UE (5MHz), in both indoor and dense urban scenario

From power consumption perspective, devices with 23dBm power class capability but deployed indoor normally transmit at low power level, e.g. 0~10dBm, in which case the PAE (PA efficiency) is very low (less than 5% according to Figure 1 [4], and less than 20% according to Figure 3 [5]), which is not desirable. Therefore, support a lower UE power class is beneficial at least for eRedCap devices not targeting wide range communication (e.g. indoor sensors), due to PAE improvement by using CMOS PA instead of GaAs.
Observation 3: For RedCap/eRedCap devices not targeting wide range communications, higher PA efficiency can be achieved by supporting lower UE power class. 

About other comments such as clarifying the exact power class level to be specified and whether the lower UE power class is only supported for FR1, or both of FR1 and FR2. From our perspective, for the exact power class level to be specified, we think can leave it to RAN4 to decide, if some starting point is needed, 14dBm/20dBm as specified in LTE can be considered. Given a lower UE power class (PC7, ERIP is 16.4dBm) has already been introduced for FR2 RedCap UEs in Rel-17. The lower UE power class for Rel-18 eRedCap can focus on FR1. 
Supporting lower UE power class has almost no specification impacts in RAN1, and small specification impacts in RAN4 as the focus is non-coverage-limited scenarios, e.g., indoor industrial. It is also noted that RAN4 RF TU has been allocated to this objective [1]. 
Observation 4: RAN4 RF TU has been reserved for Rel-18 eRedCap WI for lower UE power class
Proposal 1: The objective of support for lower UE power class, focusing on non-coverage-limited scenarios, e.g., indoor industrial should be included in the Rel-18 RedCap WID. 

2.2. Early indication 
For Rel-18 RedCap UE early identification, we think the same early identification as Rel-17 can be reused. About whether to support the separate early identification for Rel-18 eRedCap, further discussion is needed to have common understanding for the usage and benefits to distinguish Rel-17 RedCap UE and Rel-18 RedCap UE. In the RAN1#111 meeting, there was no sufficient discussions since the necessity for separate early indication depends on the decision made for the frequency domain resource allocation for MSG2, MSG3 and MSG4, i.e., For Rel-18 eRedCap, by the separate MSG1 early indication, NW should ensure that the scheduled number of PRBs for MSG2 and MSG3 for Rel-18 eRedCap UE do not exceed 5MHz. In the RAN1 #111 meeting, following agreements were achieved for resource allocation for broadcast channels for Rel-18 eRedCap UE [6]:
	Agreements:
Paging bandwidth
From RAN1 perspective, for UE BB complexity reduction, for paging channel (PDSCH) to Rel-18 RedCap UEs, allow the scheduling of paging channel to be larger than 5 MHz (as in legacy operation). 
RAR bandwidth
For UE BB bandwidth reduction, for RAR (PDSCH) to Rel-18 RedCap UEs, the scheduling of RAR PDSCH is allowed to be larger than the maximum number of unicast PRBs that the UE can process per slot.
· When the scheduling of RAR PDSCH is within the maximum number of unicast PRBs that the UE can process per slot, the legacy time between RAR reception and Msg3 transmission (not smaller than NT,1 + NT,2 + 0.5 ms) is applied.
· When the scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs that the UE can process per slot,
· The UE receives the RAR and correspondingly transmits Msg3 if the TDRA for Msg3 in UL grant in RAR indicates that the time between RAR reception and Msg3 transmission is NOT smaller than NT,1 + NT,2 + 0.5 + X ms.
· FFS: value(s) of X
· Otherwise, the UE behavior is up to the UE implementation.
· Note: it does not mean early indication is needed
· Note: it will not be used as example for unicast PDSCH
Msg3 bandwidth
For UE BB complexity reduction, a UE is not expected to receive an UL grant in a RAR or in a DCI scrambled with TC-RNTI with a Msg3 PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.



Based on the RAR agreements, it is observed that there is no resource allocation restriction at the gNB side and gNB has the full flexibility to decide whether the number of PRBs for RAR is within or exceeds 5MHz. From UE side, proper UE behavior is defined in case the number of scheduled PRBs for RAR exceeds 5MHz. Therefore, no strong motivation is found to identify R18 RedCap UEs from R17 RedCap from RAR resource allocation perspective. For MSG3, the common understanding is the TBS for Msg3 is small e.g. TBS of 56bits is assumed in the SI for both non-RedCap and RedCap UEs and for such case, resource allocation up to 5MHz is sufficient for MSG3 for all UEs in the cell. Therefore, it is also not necessary to have separate early indication for MSG3 resource allocation. In summary, no strong justification is found to support the separate early indication for Rel-18 RedCap UEs. On the other hand, the introduced separate early identification especially by MSG1 makes the gNB scheduling more complex and PRACH resources be more fragmented.  
Proposal 2: Separate early indication by MSG1/MSGA PRACH is not supported for Rel-18 RedCap UEs. 
Regarding to the separate early indication by MSG3 or MSGA PUSCH, we are open to discuss and introduce it for handling MSG4 transmission. Since introducing a new LCID has lower cost from NW perspective.
Proposal 3: Separate early indication by MSG3/MSGA PUSCH can be supported for Rel-18 RedCap UEs. 

2. [bookmark: _Hlk112784855]NCD-SSB support for Rel-18 eRedCap UEs in RRC Idle/Inactive mode
In RAN1#107bis-e meeting, following working assumption was made for NCD-SSB for RedCap UEs in idle/inactive mode for paging monitoring [7]:
	Agreement:
· For FR1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Note: RAN1 assumes REDCAP UE performing Random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective
Agreement:
· For FR2,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Note: RAN1 assumes REDCAP UE performing Random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective


As shown in above highlighted text, RAN1 already agreed to support NCD-SSB in the separate initial DL BWP for RedCap UEs in idle/inactive mode at least for paging monitoring. However, in RAN#94, the conclusions were made that the NCD-SSB in idle/inactive mode was down-scoped from Rel-17 RedCap WI due to limited time left for Rel-17 WI completion [8]:
	1. Scheme 1 (i.e. UE in IDLE and INACTIVE monitors paging in an initial BWP associated with CD-SSB) is adopted for further work in Rel-17. Scheme 2 (i.e. UE in IDLE and INACTIVE monitors paging in an initial BWP associated with NCD-SSB) is not considered further in Rel-17
1. RAN2 should work on the assumption that the cell reselection measurements and cell ranking are performed based on measurements on the CD-SSB. This applies for intra- and inter-frequency measurements, and for IDLE and INACTIVE states.



According to the current modelling for NCD-SSB, a RedCap UE in idle/inactive mode cannot use NCD-SSB even if the network sends the NCD-SSB in the separate initial DL BWP for the RedCap UEs in connected mode. Therefore, for RedCap UEs in idle/inactive mode, the separate initial DL BWP is only used for random access procedure. For paging reception, other system information reception as well as measurement for RACH or cell reselection, a RedCap UE in idle/inactive mode need to stay in the initial BWP associated with CD-SSB, and when RACH is triggered, the RedCap UE need to retune to the separate initial BWP. As observed, without supporting the NCD-SSB for RedCap UEs in idle/inactive mode in the separate initial DL BWP, the usage of the separate initial DL BWP is quite restricted from network perspective, and it is also not good for UE power consumption and complexity. In addition, Rel-18 eRedCap is studying to support narrower maximum UE bandwidth. If agreed, for better co-exist with non-RedCap UEs, NW is highly likely to configure the separate network not only for RACH but also for paging, other SIs. Then NCD-SSB become a necessity for eRedCap UE’s idle/inactive mode procedures.
Observation 5: No support of NCD-SSB for (e)RedCap UEs in idle/inactive mode results in inefficient use of the separate initial DL BWP, restricting network configuration flexibility, causing paging congestion for the initial DL BWP containing CD-SSB and increasing RedCap UE power consumption and complexity for paging monitoring, cell measurement and RACH execution.  
As agreed in RAN1 above, RedCap UEs mandatorily support NCD-SSB in connected mode. From UE perspective, there is no additional effort for UE to support NCD-SSB in idle/inactive mode. While from network perspective, network anyway needs to provide NCD-SSB as long as it is configured for one connected RedCap UE in this cell. There is no additional overhead for RedCap UEs in idle/inactive to use NCD-SSB. From specification perspective, given that NCD-SSB has the same properties/values (e.g., ssb-PositionsInBurst, PCI, ssb-PBCH-BlockPower) as the corresponding CD-SSB, existing procedure and requirements for paging monitoring, measurements, cell (re-)selection based on CD-SSB can be applicable for paging monitoring, measurements, cell (re-)selection based on NCD-SSB. Minimum specification change is expected for RAN2 and RAN4.
It is also noticed that the objective of “Enhanced eDRX in RRC_INACTIVE” and “Support for lower UE power class” also have small specification impacts. Therefore, the overall specification efforts and TU budgets for RAN2 and RAN4 is still sustainable for supporting NCD-SSB for RedCap UE in idle/inactive mode.
Observation 6: 
· From NW perspective, there is no additional overhead for transmitting NCD-SSB as long as the NCD-SSB is configured for one connected RedCap UE in this cell. 
· From UE perspective, there is no additional complexity since supporting NCD-SSB is RedCap UE mandatory feature.
· From specification perspective, minimum specification change is expected given NCD-SSB share the same properties/values (e.g., ssb-PositionsInBurst, PCI, ssb-PBCH-BlockPower) as the corresponding CD-SSB.
· From the overall workload and TU budgets perspective, it is manageable to include the NCD-SSB for RedCap UE in idle/inactive mode in Rel-18 eRedCap WI.
Based on above, we think it is reasonable and necessary to include this part in Rel-18 eRedCap WID. 
[bookmark: _Hlk112921615]Proposal 4: Include the support of NCD-SSB for RedCap UE in idle/inactive in Rel-18 eRedCap WID, e.g. UE in idle/inactive monitors paging in an initial BWP associated with NCD-SSB, performs measurement and cell (re-)selection on NCD-SSB.
Based on our discussions, following proposal 4 is made. 
Proposal 5: Adopt the following objectives for Rel-18 eRedCap WI.
	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 and CT1 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.
· [bookmark: _Hlk114401059]UE peak data rate reduction
· [bookmark: _Hlk114501768][bookmark: _Hlk114588639]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.
· Support for lower UE power class 
· The exact lower power class level is decided by RAN4
· Focus on non-coverage-limited scenarios, e.g., indoor industrial
· Support NCD-SSB for RedCap UE in RRC_IDLE/INACTIVE state
· Paging monitoring in an initial BWP associated with NCD-SSB
· Measurements, cell (re)-selection based on NCD-SSB
· Specify separate early indication in Msg3, and Msg A PUSCH if supported for the further reduced UE complexity  
· Both 15 kHz SCS and 30 kHz SCS are supported.
· [bookmark: _Hlk114583918]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.
· share early in MSG1 
· This WI considers all applicable duplex modes unless otherwise specified.



1. Conclusion
This contribution provided our views on the Rel-18 eRedCap WID scope. Following observations and proposals are made:
[bookmark: _GoBack]Observation 1: Significant device cost reduction can be achieved by lower UE power class to 14dBm~20dBm.
Observation 2: 
· Reducing the UE power class to 20dBm does not cause coverage issue for RedCap UEs (20MHz), in both indoor and dense urban scenario 
· Reducing the UE power class to 15dBm does not cause coverage issue for RedCap UE (20MHz) in indoor scenario
· Reducing the UE power class to 15dBm does not cause coverage issue for eRedCap UE (5MHz), in both indoor and dense urban scenario
Observation 3: For RedCap/eRedCap devices not targeting wide range communications, higher PA efficiency can be achieved by supporting lower UE power class. 
Observation 4: RAN4 RF TU has been reserved for Rel-18 eRedCap WI for lower UE power class
Observation 5: No support of NCD-SSB for (e)RedCap UEs in idle/inactive mode results in inefficient use of the separate initial DL BWP, restricting network configuration flexibility, causing paging congestion for the initial DL BWP containing CD-SSB and increasing RedCap UE power consumption and complexity for paging monitoring, cell measurement and RACH execution.  
Observation 6: 
· From NW perspective, there is no additional overhead for transmitting NCD-SSB as long as the NCD-SSB is configured for one connected RedCap UE in this cell. 
· From UE perspective, there is no additional complexity since supporting NCD-SSB is RedCap UE mandatory feature.
· From specification perspective, minimum specification change is expected given NCD-SSB share the same properties/values (e.g., ssb-PositionsInBurst, PCI, ssb-PBCH-BlockPower) as the corresponding CD-SSB.
· From the overall workload and TU budgets perspective, it is manageable to include the NCD-SSB for RedCap UE in idle/inactive mode in Rel-18 eRedCap WI.

Proposal 1: The objective of support for lower UE power class, focusing on non-coverage-limited scenarios, e.g., indoor industrial should be included in the Rel-18 RedCap WID. 
Proposal 2: Separate early indication by MSG1/MSGA PRACH is not supported for Rel-18 RedCap UEs. 
Proposal 3: Separate early indication by MSG3/MSGA PUSCH can be supported for Rel-18 RedCap UEs. 
Proposal 4: Include the support of NCD-SSB for RedCap UE in idle/inactive in Rel-18 eRedCap WID, e.g. UE in idle/inactive monitors paging in an initial BWP associated with NCD-SSB, performs measurement and cell (re-)selection on NCD-SSB.
Proposal 5: Adopt the following objectives for Rel-18 eRedCap WI.
	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 and CT1 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.
· 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.
· Support for lower UE power class 
· The exact lower power class level is decided by RAN4
· Focus on non-coverage-limited scenarios, e.g., indoor industrial
· Support NCD-SSB for RedCap UE in RRC_IDLE/INACTIVE state
· Paging monitoring in an initial BWP associated with NCD-SSB
· Measurements, cell (re)-selection based on NCD-SSB
· Specify separate early indication in Msg3, and Msg A PUSCH if supported for the further reduced UE complexity  
· 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.
· share early in MSG1 
· This WI considers all applicable duplex modes unless otherwise specified.
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