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1 [bookmark: _Ref40465791]Introduction
At RAN plenary meeting #94-e, the study item (SI) for further NR RedCap UE complexity reduction was agreed with the following identified objectives [1]
	To further reduce the complexity of RedCap devices, the following should be studied, and the results should be captured in TR 38.8xx:

· 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.


In this contribution, we present our views on the necessary simulations to justify a feature for complexity reduction of further reduced capability UE (F-RedCap UE).  
2 Necessary simulations
As discussed in companion contribution [2], the bandwidth reduction can be considered from RF and/or BB parts for the complexity reduction of F-RedCap UE. 3 options can be considered. 
· RBW-A: The BW of both RF and BB can be reduced to 5MHz
· RBW-B: 20MHz BW for RF and 5MHz BW for BB
· RBW-C: 20MHz BW for RF and the control channel of BB, and 5MHz BW for data channel of BW. For this option, the up to 25 allocated PRBs for PDSCH/PUSCH could be localized or distributed in the DL/UL BWP of up to 20MHz BW
Due to the reduced BW, the benefit of frequency diversity is limited, which results in degraded link performance for control and data channel of both DL and UL. 



Figure 1: Options for BW reduction in RF and/or BB
The reduced frequency diversity gain generally impacts all channels except PBCH and PRACH preamble. It is likely that more channels may need compensation compared with what identified in Rel-17 coverage recovery study. On the other hand, since the main candidate to compensate the loss of frequency diversity is inter-BWP frequency hopping, which can be applied to all PDSCH, PUSCH and PUCCH transmissions, the identification of the bottleneck channels that need coverage recovery may be not necessary. In our view, the simulation is mainly targeted to verify whether inter-BWP FH is needed. 
Observation 1: It is not necessary to rerun simulations for all types of channels to identify the bottleneck channel for coverage recovery.  
Proposal 1: To verify compensation on the loss of frequency diversity within 5MHz BW, PDSCH, PUSCH and PUCCH transmission with or without inter-BWP frequency hopping can be evaluated. 

For PDCCH transmission, the supported CORESET configuration of 5MHz BW and 3 OFDM symbols only has up to 12 CCEs, which cannot support PDCCH aggregation level 16. CORESET bundling/repetition or direct increasing the maximum number OFDM symbols of a CORESET, e.g., 6 symbols can be considered. If inter-BWP FH is not considered for PDCCH, the link level performance can still be improved by using large CCE aggregation level, e.g., 16 or 32. Simulations may be necessary to investigate the overall impact of limited frequency diversity and larger AL of PDCCH. From simulation point of view, it may be sufficient to simulate CORESET repetitions. 
Proposal 2: The performance of PDCCH can be evaluated with or without CORESET repetition. 
3 Simulation assumptions
Regarding the simulation assumptions, we prefer to reuse what from Rel-17 Coverage recovery study as starting point. Specifically, in order to obtain an observation under various deployment scenarios, it is proposed to evaluate for Urban 2.6GHz (TDD) and Rural 700MHz (FDD). Urban 4GHz (TDD) may be also considered with a low priority. The basic assumptions for gNB/UE configuration are provided in Table 1. Note: We change the SCS for Urban 2.6GHz and 4GHz to 15kHz, otherwise, a CORESET with 5MHz and 3 OFDM symbols can only provide 6 CCEs. Since F-RedCap UE is targeting further complexity reduction, single Tx/Rx chain at UE side is assumed. 
[bookmark: _Hlk42495915]Table 1: Common evaluation assumptions
	Parameters 
	FR1, Urban
	FR1, Urban
	FR1, Rural

	Carrier Frequency
	2.6 GHz (TDD)
	4 GHz (TDD)
(Low priority)
	0.7 GHz (FDD)

	SCS
	15 kHz
	15 kHz
	15 kHz

	Frame structure for TDD
	DDDDDDDSUU (S: 6D:4G:4U)
	DDDSUDDSUU (S: 10D:2G:2U)
	N/A

	# of gNB TX chains
	4
	4
	2 

	# of gNB RX chains
	4
	4
	2

	Channel Model
	TDL-C, NLOS
	TDL-C, NLOS
	TDL-C, NLOS

	UE antenna correlation
	low
	low
	low

	delay spread
	300 ns
	300 ns
	300 ns

	UE velocity
	3 km/h
	3 km/h
	3 km/h

	BW
	5MHz (25 PRBs)
	5MHz (25 PRBs)
	5MHz (25 PRBs)

	# of UE TX chains
	1
	1
	1

	# of UE RX chains
	1
	1
	1



For PDSCH simulation, the target data rate of 2Mbps for Urban and 1Mbps for Rural were assumed in Rel-17 study. A linear scaling factor 1/4 can be applied to derive the DL target data rate for F-RedCap UE, i.e. 0.5Mbps for Urban and 0.25Mbps for Rural. For PUSCH simulation, the target data rate, i.e., 1Mbps for Urban and 100Kbps for Rural that were assumed in Rel-17 study. The scaling on the UL target data rate is not necessary. However, it would be reasonable that the UL target data rate is not more than the corresponding DL target data rate. Based on such criteria, UL target data rate for F-RedCap UE can be 0.5Mbps for Urban and 100Kbps for Rural. In link level simulation,  whether the frequency hopping is intra-BWP or inter-BWP does not impact the performance, as long as the frequency range of hopping is the same. For simplicity, intra-BWP can be assumed. For the better observation on the performance difference, it is preferred to simulate frequency hopping within both a BWP of 20MHz BW and a BWP larger than 20MHz BW, and each hop limited in up to 25 consecutive PRBs. The proposed simulation assumptions for PDSCH and PUSCH are provided in Table 2 and Table 3 respectively. 
Table 2: Evaluation assumptions for PDSCH
	Parameters
	Values

	Target data rate
	0.5 Mbps (Urban), 0.5 Mbps (Rural)

	Diversity scheme
	Case 1: FDRA in BWP of 5MHz
Case 2: FDRA with FH in BWP of 20MHz
Case 3: FDRA with FH in BWP of 40MHz

	Performance target 
	10% iBLER

	TDRA 
	12 OFDM symbols

	DMRS
	Type I, 1 DMRS symbol, no multiplexing with data.

	Number of transmissions
	1 (no HARQ)

	Rx combining
	MRC

	PRB bundling
	2



Table A3: Evaluation assumptions for PUSCH
	Parameters
	Values

	Target data rate
	0.25 Mbps (Urban),
100 Kbps (Rural)

	Diversity scheme
	Case 1: FDRA in BWP of 5MHz
Case 2: FDRA with FH in BWP of 20MHz
Case 3: FDRA with FH in BWP of 40MHz

	Performance target 
	10% iBLER

	TDRA 
	14 OFDM symbols

	DMRS
	Type I, 1+1 DMRS symbol, no multiplexing with data.

	Number of transmissions
	1 (no HARQ)

	Rx combining
	MRC



Similarly, for PUCCH simulation, it would be fine to simulate FH in a BWP that is equal to 20MHz and a BWP larger than 20MHz to represent the link performance of inter-BWP FH. The proposed simulation assumptions for PUCCH are provided in Table 4.  
Table 4: Evaluation assumptions for PUCCH
	Parameters
	Values

	
	PF1
	PF3

	Performance target
	DTX-ACK prob 1%
NACK-ACK prob 0.1%
ACK-NACK prob 1%
	1% BLER

	Payload
	2 bits
	11/22 bits

	Diversity scheme
	Case 1: FDRA in BWP of 5MHz
Case 2: FDRA with FH in BWP of 20MHz
Case 3: FDRA with FH in BWP of 40MHz

	Resource allocation
	1 PRB, 14 symbols

	Number of transmissions
	1

	Rx combining
	MRC

	Frequency hopping
	Intra-slot FH



Regarding PDCCH, three cases can be simulated,
· Case 1: a CORESET with 96 PRBs i.e., in BWP of 20MHz, which is for the upper bound of frequency diversity gain
· Case 2: a CORESET with 24 PRBs i.e., in BWP of 5MHz, no CORESET repetition. Note: in this case, the PDCCH AL is limited to 8
· Case 3: a CORESET with 24 PRBs i.e., in BWP of 5MHz, 2 CORESET repetitions
The proposed simulation assumptions for PDCCH are provided in Table 5.  
Table 5: Evaluation assumptions for PDCCH
	Parameters
	Values

	CORESET 
	2 symbols, 
96 PRBs
	3 symbols, 
24 PRBs
	3 symbols, 
24 PRBs

	CORESET repetition
	No 
	No 
	2 

	Aggregation level
	16
	8
	16

	performance target
	1% BLER

	Payload
	40 bits

	Number of transmissions
	1

	Rx combining
	MRC

	Frequency distributed
	Yes

	Diversity scheme
	Precoder cycling every 6 REGs



Proposal 3: Coverage evaluations for PDSCH, PUSCH, PUCCH and PDCCH may be conducted using the assumptions in Tables 1-5. 
· Frequency hopping for PDSCH/PUSCH/PUCCH can be simulated by FH within 20MHz or larger bandwidth. 
4 Conclusions
In this contribution, we presented our views on the necessary simulations and the corresponding simulation assumptions. Based on the presented discussion, our views can be summarized via the following observations and proposals

[bookmark: _Ref7850160][bookmark: _Ref7850250]Observation 1: It is not necessary to rerun simulations for all types of channels to identify the bottleneck channel for coverage recovery.  
Proposal 1: To verify compensation on the loss of frequency diversity within 5MHz BW, PDSCH, PUSCH and PUCCH transmission with or without inter-BWP frequency hopping can be evaluated. 
Proposal 2: The performance of PDCCH can be evaluated with or without CORESET repetition. 
Proposal 3: Coverage evaluations for PDSCH, PUSCH, PUCCH and PDCCH may be conducted using the assumptions in Tables 1-5. 
· Frequency hopping for PDSCH/PUSCH/PUCCH can be simulated by FH within 20MHz or larger bandwidth. 
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