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Discussion and decision
1 Introduction
In SID for Rel-18 eRedCap [1], the following will be studied for further UE complexity reduction:

	· Study further UE complexity reduction techniques based on Rel-17 evaluation methodology in TR 38.875 [RAN1]

· Consider network impact, coexistence of Rel-17 and Rel-18 RedCap and non-RedCap UEs in a cell, UE impact, specification impact

· Potential solutions, which may complement each other, for reducing device complexity are focusing on:

· UE bandwidth reduction to 5MHz in FR1,

· Possibly in combination with relaxed UE processing timeline for PDSCH and/or PUSCH and/or CSI

· reduced UE peak data rate in FR1, 

· Possibly including restricted bandwidth for PDSCH and/or PUSCH

· Possibly in combination with relaxed UE processing timeline for PDSCH and/or PUSCH and/or CSI

· Notes:
· Rel-15 SSB should be reused and L1 changes minimized.

· Operation in BWP with/without SSB and without/with RF retuning should be considered.

· It is not precluded that some solutions for FR1 can be applied to FR2 in WI stage.
· Aim to define a single Rel-18 RedCap UE type for further UE complexity reduction.


This contribution will discuss a need of simulations and evaluation methodology for further complexity reduction. 
2 Simulations
2.1 Simulation need
In Rel-17 RedCap SI, several evaluations had been performed which include cost analysis for candidate features for UE complexity reduction, evaluations of power saving gain for candidate power saving schemes, evaluations of coverage loss for 1 or 2RX RedCap and system level simulations for network capacity and spectral efficiency. Table 1 summarizes the evaluations and relevant techniques/objectives requiring the evaluations [2]:
Table 1: Evaluations and techniques/objectives in Rel-17 RedCap SI
	Evaluations
	Techniques/objectives

	Cost analysis for candidate features for UE complexity reduction
	- Reduced number of UE Rx/Tx antennas
- UE bandwidth reduction
- Half-duplex FDD
- Relaxed UE processing time
- Relaxed maximum number of MIMO layers
- Relaxed maximum modulation order
- Combinations of UE complexity reduction features

	Evaluations of power saving gain for candidate power saving schemes
	- Reduced PDCCH monitoring
- Extended DRX for RRC INACTIVE and/or IDLE
- RRM relaxation

	Evaluations of coverage loss for 1 or 2RX RedCap
	- PDCCH/PDSCH/Msg2/Msg4/PBCH/PUCCH/PUSCH/Msg3/PRACH for 1 or 2Rx antennas RedCap with reduced UE bandwidth

	System level simulations
	- Spectral efficiency and UE throughput in co-existence of eMBB and RedCap UEs


Similar to the Table 1, which simulations are required can be discussed based on techniques/objectives to be considered for Rel-18 eRedCap SI. The main objectives for Rel-18 eRedCap SI is to study further UE complexity reduction techniques for candidates such as UE bandwidth reduction to 5MHz in FR1, relaxed UE processing timeline for PDSCH and/or PUSCH and/or CSI, reduced UE peak data rate in FR1 including restricted bandwidth for PDSCH and/or PUSCH and their combinations. Based on the objectives, our view for potentially required simulations and relevant techniques/objectives is summarized in Table 2:
Table 2: Simulations and techniques/objectives for Rel-18 eRedCap SI
	Simulations
	Techniques/objectives

	Cost analysis for candidate features for UE complexity reduction
	- UE bandwidth reduction to 5MHz
- Relaxed UE processing time
- Reduced UE peak data rate including restricted bandwidth for PDSCH and/or PUSCH
- Combinations of UE complexity reduction features

	Evaluations of coverage loss for 1 or 2RX RedCap
	- PDCCH/PDSCH/Msg2/Msg4/PBCH/PUCCH/PUSCH/Msg3/PRACH for 1 or 2Rx antennas RedCap with reduced UE bandwidth to 5MHz

	System level simulations
	- Spectral efficiency and UE throughput in co-existence of eMBB, Rel-17 RedCap UEs and Rel-18 RedCap UEs


Proposal 1: Consider Table 2 as simulations required for Rel-18 eRedCap SI.
2.2 Evaluation methodology
The evaluation methodology in Rel-17 RedCap SI can be considered as a starting point. Taking into account the evaluation methodology in Rel-17 RedCap SI, our view is provided for each simulation proposed by Proposal 1.
Cost analysis
· If the cost analysis is agreed to be required, we do not see the issues if evaluation methodology for cost analysis in TR38.875 is basically reused.
· Regarding a reference for cost analysis, there can be two candidates for the reference. One is to re-use Rel-15 NR UE in Rel-17 RedCap SI as the reference and the other is to decide a new reference for example, Rel-17 RedCap UE. If re-using Rel-15 NR UE as the reference, there would be no issue to estimate how much cost can be reduced from the further complexity reduction schemes compared to the Rel-15 NR UE. In addition, it can avoid additional discussion to set up the new reference for Rel-18 eRedCap given limited time for this SI. Therefore, it is preferred to re-use Rel-15 NR UE as the reference and then Table 3 shows assumptions for the Rel-15 NR UE in FR1, which is same as the reference used in Rel-17 RedCap SI.
Table 3: Reference NR devices for Rel-18 eRedCap SI
	-
All mandatory Rel-15 features (with or without capability signaling)

-
Single RAT

-
Operation in a single band at a time

-
Maximum bandwidth: 
-
For FR1: 100 MHz for DL and UL
-
Antennas: 
-
For FR1 FDD: 2Rx/1Tx

-
For FR1 TDD: 4Rx/1Tx
-
Power class: PC3

-
Processing time: Capability 1

-
Modulation: 

-
For FR1: support 256QAM for DL and 64QAM for UL
-
Access: Direct DL/UL access between UE and gNB


Proposal 2: If the cost analysis is agreed to be required for Rel-18 eRedCap, reuse evaluation methodology for cost analysis in TR38.875. 
Proposal 3: Reuse Rel-15 NR UE in Rel-17 RedCap SI as the reference for cost analysis in Rel-18 eRedCap.
Evaluations of coverage loss
· If the evaluations of coverage loss are agreed to be required, we do not see the issues if evaluation methodology for coverage loss in TR38.875 is basically reused.
· 3dB loss of antenna gain is reflected in link budget calculation for the FR1 bands.
· Assumptions for evaluations of coverage loss and assumptions for reference NR UE and Rel-18 eRedCap UE are provided in the Table 4, 5 and 6, respectively. It is noted that UE bandwidth for Rel-18 eRedCap is revised to 5MHz while remaining values in TR38.875 can be re-used for potential evaluations of coverage loss. 
Table 4: Assumptions for evaluations of coverage loss
	Parameters
	FR1 values

	Channel model
	TDL-C

	Delay spread
	300ns

	UE velocity
	3 km/h

	Antenna correlation
	Low

	# gNB Tx chains
	2 or 4

	# gNB Rx chains
	2 or 4


Table 5: Assumptions for reference NR UE
	Parameters
	FR1 values

	# UE Tx chains
	1

	# UE Rx chains
	Urban: 4 and Rural: 2

	UE bandwidth
	Urban: 100 MHz (273 PRBs, 30 kHz SCS)

Rural: 20 MHz (106 PRBs, 15 kHz SCS)


Table 6: Assumptions for Rel-18 eRedCap UE
	Parameters
	FR1 values

	# UE Tx chains
	1

	# UE Rx chains
	1 or 2

	UE bandwidth
	Urban: 5 MHz 

Rural: 5 MHz 


Proposal 4: If the evaluations of coverage loss are agreed to be required for Rel-18 eRedCap, reuse evaluation methodology for coverage loss in TR38.875.
System level simulations
· If the system level simulations are agreed to be required, we do not see the issues if evaluation methodology for system level simulations in TR38.875 is basically reused.
Proposal 5: If the system level simulations are agreed to be required for Rel-18 eRedCap, reuse evaluation methodology for system level simulations in TR38.875. 
3 Conclusion
This contribution discusses a need of simulations and evaluation methodology for further complexity reduction and provides the following depending on the discussion:
Proposal 1: Consider Table 2 as simulations required for Rel-18 eRedCap SI. 
Proposal 2: If the cost analysis is agreed to be required for Rel-18 eRedCap, reuse evaluation methodology for cost analysis in TR38.875. 
Proposal 3: Reuse Rel-15 NR UE in Rel-17 RedCap SI as the reference for cost analysis in Rel-18 eRedCap.
Proposal 4: If the evaluations of coverage loss are agreed to be required for Rel-18 eRedCap, reuse evaluation methodology for coverage loss in TR38.875.
Proposal 5: If the system level simulations are agreed to be required for Rel-18 eRedCap, reuse evaluation methodology for system level simulations in TR38.875.
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