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Introduction
After RAN #97e meeting, the initial version of the Rel-18 RedCap WI scope [1] has been released, and the corresponding remaining issues are shown as follows. 
	4.1	Objective of Core part 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.
· 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#98-e regarding:
· Whether UE peak data rate reduction for UE is limited only with UE BB bandwidth reduction or standalone
· Whether or not/how a separate early indication can be supported
· Other restrictions of the WI (e.g., connectivity restrictions, band, etc.)



Based on the RAN conclusion, RAN needs to determine PR1 is add-on or standalone, and determine whether/how a separate early indication can be supported. Besides these two issues, whether peak date rate lower than 10Mbps can be achieved is also controversial in RAN1. Therefore, in this contribution, these issues are discussed.
Discussion
1.1 The peak data rate
In the justification part, the peak data rate for Rel-18 RedCap targets to 10Mbps. However, it is controversial in RAN1 to further reduce the peak data rate for PR1.
	Rel-18 RedCap should provide NR support for low-tier devices between existing LPWA UEs and the capabilities of Rel-17 RedCap UEs. The supported peak data rate for Rel-18 RedCap targets to 10Mbps. Rel-18 RedCap should not overlap with existing LPWA solutions. 


For the existing LPWA UEs, the maximum peak date rate is only 4Mbps based on maximum TBS 4008bits. Based on BW3 which has been already supported, the peak date rate is around 12Mbps. Even though 10Mbps can be achieved, there still a market gap between 4Mbps and 10Mbps.
Observation 1: Market gap between LPWA and Rel-18 RedCap still exists.
Additionally, the Rel-18 RedCap UE mainly targets for the industrial sensors. It is noted that peak data rate 10Mbps is used for complexity reduction, not for modifying the requirement of use case.
	To further expand the market for RedCap use cases with relatively low cost, low energy consumption, and low data rate requirements, e.g., industrial wireless sensor network use cases, some further complexity reduction enhancements should be considered. 



However, according to the industrial sensor and economic video requirements in the Rel-17 RedCap WID [2], the peak date rate should be less than 4Mbps.
	Use case specific requirements: 
· Industrial wireless sensors: Reference use cases and requirements are described in TR 22.832 and TS 22.104: Communication service availability is 99.99% and end-to-end latency less than 100 ms. The reference bit rate is less than 2 Mbps (potentially asymmetric e.g. UL heavy traffic) for all use cases and the device is stationary. The battery should last at least few years. For safety related sensors, latency requirement is lower, 5-10 ms (TR 22.804)
· Video surveillance: As described in TR 22.804, reference economic video bitrate would be 2-4 Mbps, latency < 500 ms, reliability 99%-99.9%. High-end video e.g. for farming would require 7.5-25 Mbps. It is noted that traffic pattern is dominated by UL transmissions.


Obviously, 10Mbps peak date rate is totally not aligned with the target Rel-18 RedCap use cases.
Observation 2: The peak data rate of 10Mbps is much larger than the Rel-18 RedCap UE requirement especially for the target Rel-18 uses cases, i.e., industrial sensors.  
Moreover, based on PR3, the additional complexity reduction for PR1 is quite limited. Whether PR1 is add-on or standalone, we do not see much benefits to introduce PR1 with the peak data rate 10Mbps, which is similar as BW3/PR3 based on 12Mbps peak data rate. To completely receive SIB1 with maximum TBS, the peak data rate should be at least 6Mbps for 30KHz case. Therefore, some evaluation results for peak data rate 10Mbps and 6Mbps are provided in the following table.

Table 1. Complexity reduction for PR1
	Option
	FD-FDD 1Rx
	TDD 1Rx
	Note

	PR3 
	7.06%
	6.74%
	Based on TR report

	PR3+PR1
	7.28%
	7.05%
	Target peak data rate: 10Mbps

	PR3+PR1
	7.96%
	7.75%
	Target peak data rate: 6 Mbps




Observation 3: 
· Compared with PR3 and based on 10Mbps peak data rate, PR1 can provide additional complexity reduction by 0.22% and 0.31% for FDD 1Rx and for TDD 1Rx respectively.
· Compared with PR3 and based on 6Mbps peak data rate, PR1 can provide additional complexity reduction by 0.9 % and 1.01 % for FDD 1Rx and for TDD 1Rx respectively.
· Based on PR3, the additional complexity reduction brought by 6Mbps peak data rate for PR1 is 3 times larger than that by 10Mbps peak data rate.

Therefore, it is not reasonable to mandate peak data rate as 10Mbps for all the use cases, which also would cause the market gap. 
Proposal 1: For some uses cases, e.g., industrial sensors, discuss whether the peak date rate can be lower than 10Mbps.
Since the justification part in WID is copied from the SID, where the target peak date rate 10Mbps is used for SI. In the WI stage, if PR1 can achieve lower peak data rate, we think the corresponding text can be modified. An example is shown as follows:
	Rel-18 RedCap should provide NR support for low-tier devices between existing LPWA UEs and the capabilities of Rel-17 RedCap UEs. The supported peak data rate for Rel-18 RedCap targets up to 10Mbps. Rel-18 RedCap should not overlap with existing LPWA solutions. 



1.2 Standalone PR1 or add-on
If PR1 is standalone feature, as indicated in Table 1, the complexity reduction is around 4%, which is completely not attractive since the purpose of peak data rate reduction is to further reduce UE complexity. Moreover, compared with UE BB bandwidth reduction, the complexity reduction provided by peak data rate reduction, i.e. PR1, is much smaller. 
[bookmark: OLE_LINK6]If UE peak data rate reduction is supported as a standalone feature, the types of terminal products will be further differentiated. Correspondingly, additional type of hardware is required to support the standalone peak data rate reduction. Considering that there is already Rel-17 RedCap UE in the market and Rel-18 RedCap UE also would be supported with lower complexity, it is not necessary to introduce the additional RedCap UE with standalone PR1 to fragment the market. 
Proposal 2: UE peak data rate reduction is not supported as a standalone feature.
1.3 Early indication
In RAN1#111, we have the following agreement, which indicates for a Rel-18 RedCap UE, the msg3 PUSCH could be within 5MHz.
	Agreement 
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.


If there is no msg1 identification, it would be problematic to mandate msg3 within 5MHz for all the UEs.
Observation 4: If msg1 identification is not supported and msg3 PUSCH should be within 5MHz, legacy NR UE during initial access may be impacted.
For downlink, the gNB may configure Msg4 with bandwidth more than 5MHz for Rel-18 RedCap UEs during initial access without early indication. In this case, for the Rel-18 RedCap UE with 5MHz bandwidth post-FFT buffering, the Msg4 performance will degrade due to incomplete PDSCH reception. And for the Rel-18 RedCap UE with 20MHz bandwidth post-FFT buffering, UE processing latency will increase and may impact the PUCCH feedback. Considering msg3 identification would not bring much spec impacts and overhead, it could be a potential way to achieve early indication.
Observation 5: With msg3 identification, the scheduling bandwidth after msg3 could be within 5MHz to avoid the impacts on legacy NR UE.
Therefore, at least, early indication should be supported. 
Proposal 3: Separate early indication for Rel-18 RedCap UE should be supported.
Similar as Rel-17 RedCap UE early indication, the following text can be added for Rel-18 RedCap WI scope.
· Specify functionality that will enable Rel-18 RedCap UEs to be explicitly identifiable to networks through an early indication in Msg1 and/or Msg3, and Msg A if supported. [RAN2, RAN1]

Conclusion
For the target peak data rate, we give the following observations and proposals. And an example for WID text modification is also suggested to be considered in justification part.
Observation 1: Market gap between LPWA and Rel-18 RedCap still exists.
Observation 2: The peak data rate of 10Mbps is much larger than the Rel-18 RedCap UE requirement especially for the target Rel-18 uses cases, i.e., industrial sensors. 
Observation 3: 
· Compared with PR3 and based on 10Mbps peak data rate, PR1 can provide additional complexity reduction by 0.22% and 0.31% for FDD 1Rx and for TDD 1Rx respectively.
· Compared with PR3 and based on 6Mbps peak data rate, PR1 can provide additional complexity reduction by 0.9 % and 1.01 % for FDD 1Rx and for TDD 1Rx respectively.
· Based on PR3, the additional complexity reduction brought by 6Mbps peak data rate for PR1 is 3 times larger than that by 10Mbps peak data rate.
Proposal 1: For some uses cases, e.g., industrial sensors, discuss whether the peak date rate can be lower than 10Mbps.
	Rel-18 RedCap should provide NR support for low-tier devices between existing LPWA UEs and the capabilities of Rel-17 RedCap UEs. The supported peak data rate for Rel-18 RedCap targets up to 10Mbps. Rel-18 RedCap should not overlap with existing LPWA solutions. 




For the standalone PR1 or add-on PR1, we have the following proposal:
Proposal 2: UE peak data rate reduction is not supported as a standalone feature.

For the early indication, we have following observations and proposals. And an example WID text is suggested to be added in objective part.
Observation 4: If msg1 identification is not supported and msg3 PUSCH should be within 5MHz, legacy NR UE during initial access may be impacted.
Observation 5: With msg3 identification, the scheduling bandwidth after msg3 could be within 5MHz to avoid the impacts on legacy NR UE.
Proposal 3: Separate early indication for Rel-18 RedCap UE should be supported.
	· [bookmark: _GoBack]Specify functionality that will enable Rel-18 RedCap UEs to be explicitly identifiable to networks through an early indication in Msg1 and/or Msg3, and Msg A if supported. [RAN2, RAN1]
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