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[bookmark: _Toc415085486][bookmark: _Toc503902285]1	Introduction
The following agreements about simulation needs and assumptions for further RedCap UE complexity reduction was made during RAN1 #109-e [1]. [bookmark: OLE_LINK88][bookmark: OLE_LINK90]Agreement
· At least the option of RF+BB BW reduction to 5MHz is considered for coverage evaluation
· FFS whether/which other options are also considered
· FFS which DL/UL Channels of all the DL/UL channels are evaluated
Agreement
· Evaluation methodology and assumption in Clause 6.3 in TR 38.875 is reused for coverage evaluation of reference UE and Rel-17 RedCap UE.
· Note: It is up to each company whether to reuse the LLS results
Agreement
· Coverage for the following channels is evaluated for “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”
· SIB1
· PBCH
· PDCCH CSS
· [Msg4]
· Following channels can be optionally evaluated
· PUSCH
· PUCCH 2bits
· PUCCH 11bits
· PUCCH 22bits
· PRACH
· PDSCH
· PDCCH USS
· Msg2
· Msg3
· Evaluation methodology and assumption in Clause 6.3 in TR 38.875 is reused for coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels” by default, except for, UE bandwidth, cell edge data rate, and small form factor degradation 
· FFS which evaluation assumption should be updated for the above channels
Agreement
· For coverage evaluation of Rel-17 and Rel-18 RedCap UEs, only 1 Rx branch is assumed.
· Note: it does not mean that 2Rx is precluded for Rel-18 RedCap UE
[bookmark: OLE_LINK85]Agreement
· For coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”, following parameters are used.
Parameters
FR1 values
UE bandwidth
Rural: 5 MHz (25 PRBs, 15 kHz SCS)
Urban: 5 MHz (11 PRBs or 12 PRBs (optional), 30 kHz SCS)
· Note: Rural scenario at 0.7 GHz, Urban scenario at 2.6 GHz, and Urban scenario at 4 GHz (optional) are considered.


In this contribution, we provide and discuss simulation and link budget evaluations for further RedCap UE complexity reduction. [bookmark: OLE_LINK93][bookmark: OLE_LINK87]Agreement
· For SIB1 coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”, followings are assumed
· Opt1: SIB1 BW is larger than 5MHz, e.g., 48PRB 
· The UE can receive a part of SIB1 PDSCH at a time. Detail assumption of reception scheme (e.g., puncturing the bits transmitted outside UE BW) is reported by each company.
· Opt2: SIB1 BW is within 5MHz
· A TBS of 1256 bits(other size is not precluded)
Note: whether interleaving mapping is assumed depends on companies’ report
[bookmark: OLE_LINK99]Agreement
· For PDCCH CSS coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”, following revision are assumed
· Opt1: CORESET BW is larger than 5MHz
· The UE can receive a part of PDCCH at a time. Detail assumption of reception scheme (e.g., puncturing the bits transmitted outside UE BW) is reported by each company.
· For 15/30kHz SCS, CORESET size is 2 symbols and 48 PRBs, AL is 16.
· For 30kHz SCS, CORESET size is 2 symbols and 24 PRBs, AL is 8.  Other configurations are also not precluded
· Opt2: CORESET BW is within 5MHz
· For 15kHz SCS, CORESET size is 3 symbols and 24 PRBs, AL is 8.
· For 30kHz SCS,
· Opt2-1: CORESET size is 3 symbols and 6 PRBs, AL is 2.  Other configurations are also not precluded
· Opt2-2: CORESET size is 3 symbols and 12 PRBs, AL is 4


2 [bookmark: OLE_LINK76]Link level simulation and link budget evaluations
2.1 Evaluated channels
[bookmark: OLE_LINK13][bookmark: _Toc53783607]We have chosen following channels for “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels” [2]. 
· SIB1
· PDCCH CSS
Coverage evaluation is based on link budget evaluations, and link budget evaluations should come from evaluation methodology and assumption in Clause 6.3 in TR 38.875 [3] and link level simulation results. It is shown that link level assumption and simulation results corresponding with both of SIB1 and PDCCH CSS in Section 2.2 and 2.3. 
2.2 [bookmark: OLE_LINK102][bookmark: OLE_LINK94]Evaluation assumption and results for SIB1
2. Link level assumptions for SIB1
The following table is the assumption for SIB1 link level simulation. The parameter values are     descripted in [1][3][4]. FR1 is only considered in our evaluation. 

1) Rural scenario:
Table 1. Link level simulation assumptions for SIB1 in rural scenario
	Parameters
	Rel-15 Ref UE
 (SIB1 > 5 MHz)
	Rel-17 RedCap UE (SIB1 > 5 MHz)
	5 MHz RedCap UE
(SIB1 > 5 MHz)
	5 MHz RedCap UE
(SIB1 < 5 MHz)

	Channel model
	TDL-C
	TDL-C
	TDL-C
	TDL-C

	Delay spread
	300ns
	300ns
	300ns
	300ns

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

	# gNB Tx chains
	2
	2
	2
	2

	# UE Rx chains
	2
	1
	1
	1

	Channel estimation
	Practical
	Practical
	Practical
	Practical

	BLER target
	10% BLER
	10% BLER
	10% BLER
	10% BLER

	Waveform
	CP-OFDM
	CP-OFDM
	CP-OFDM
	CP-OFDM

	Carrier Frequency
	0.7GHz
	0.7GHz
	0.7GHz
	0.7GHz

	SCS
	15kHz
	15kHz
	15kHz
	15kHz

	UE bandwidth
	20 MHz (106PRBs)
	20 MHz (106 PRBs) 
	5 MHz (25 PRBs) 
	5 MHz (25 PRBs)

	HARQ configuration
	no
	no
	no
	no

	DMRS configuration
	Type1, 
3 DMRS symbols
	Type1, 
3 DMRS symbols
	Type1, 
3 DMRS symbols
	Type1,
3 DMRS symbols

	SIB1 PRBs
	48 PRBs

	48 PRBs

	48 PRBs 
	19 PRBs

	MCS
	MCS0
	MCS0
	MCS0
	MCS4

	MCS Table
	Table1
	Table1
	Table1
	Table1

	SIB1 duration
	12 OS
	12 OS
	12 OS
	12 OS

	The required SNR (dB)
	-4.4
	-0.66
	4.51
	5.09



2)  Urban scenario:
Table 2: link level assumptions for SIB1 in urban scenario
	Parameters
	Rel-15 Ref UE
 (SIB1 > 5 MHz)
	Rel-17 RedCap UE (SIB1 > 5 MHz)
	5 MHz RedCap UE
(SIB1 > 5 MHz)
	5 MHz RedCap UE
(SIB1 < 5 MHz)

	Channel model
	TDL-C
	TDL-C
	TDL-C
	TDL-C

	Delay spread
	300ns
	300ns
	300ns
	300ns

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

	# gNB Tx chains
	2
	2
	2
	2

	# UE Rx chains
	4
	1
	1
	1

	Channel estimation
	Practical
	Practical
	Practical
	Practical

	BLER target
	10% BLER
	10% BLER
	10% BLER
	10% BLER

	Waveform
	CP-OFDM
	CP-OFDM
	CP-OFDM
	CP-OFDM

	Carrier Frequency
	2.6GHz
	2.6GHz
	2.6GHz
	2.6GHz

	SCS
	30kHz
	30kHz
	30kHz
	30kHz

	UE bandwidth
	100 MHz (273PRBs)
	20 MHz (51 PRBs) 
	5 MHz (11 PRBs) 
	5 MHz (11 PRBs)

	HARQ configuration
	no
	no
	no
	no

	DMRS configuration
	Type1, 
3 DMRS symbols
	Type1, 
1 DMRS symbols
	Type1, 
1 DMRS symbols
	Type1,
3 DMRS symbols

	SIB1 PRBs
	48 PRBs
	48 PRBs
	48 PRBs 
	11 PRBs

	MCS
	MCS0
	MCS0
	MCS0
	MCS7

	MCS Table
	Table1
	Table1
	Table1
	Table1

	SIB1 duration
	12 OS
	12 OS
	12 OS
	12 OS

	The required SNR (dB)
	-8.12
	-0.72
	12.8
	11.31



3. Link level simulation results for SIB1
1) Rural scenario:
[image: ]
Figure 1. SIB1 performances in rural scenario 

The blue curse is the performance of Ref. UE and used as a baseline for comparison. The green curve is that of RedCap UE with RF+BB BW reduction to 5MHz. Compare with the blue one, it has more than 8dB performance degradation due to the puncturing on the Rx side and single Rx antenna.

To show the performance degradation caused by puncturing only, single Rx antenna without puncturing is also simulated and shown as red curve. As shown in the Figure 1, it is about 5dB.

To avoid such degradation, SIB1 can be within 5MHz, and the performance is shown as the pink curve for comparison, which is very close to the green one.

Observation 1: RedCap UE has more than 8dB performance degradation compared with Ref. UE if SIB1 BW is larger than 5MHz due to puncturing and single antenna on the Rx side in Rural scenario.

Observation 2: The performance of SIB1 BW within 5MHz is close to that larger than 5MHz.

2) Urban scenario:
[image: ]
Figure 2. SIB1 performances in urban scenario
Like rural scenario, four simulations cases are presented here for comparison. And we can have similar observations as follows:

Observation 3: RedCap UE has more than 19dB performance degradation compared with Ref. UE if SIB1 BW is larger than 5MHz due to puncturing and single antenna on the Rx side in urban scenario.

Observation 4: The performance of SIB1 BW within 5MHz is better than that larger than 5MHz by 1.5dB.

[bookmark: OLE_LINK97]
2. [bookmark: OLE_LINK95]Evaluation assumption and results for PDCCH CSS
Both urban (2.6GHz) and rural scenario (700MHz) are evlauted. And CORESET BW is larger than 5MHz in former and within 5MHz in latter for RedCap UE. For the purpose of comparison, the Ref. UE is also simulated. 
4. [bookmark: OLE_LINK126][bookmark: OLE_LINK101]Link level assumptions for PDCCH
Table 3: link level assumptions for PDCCH CSS
	[bookmark: _Hlk110931053]Parameters
	Values

	System bandwidth
	24PRB/48PRB

	[bookmark: OLE_LINK10]Subcarrier Spacing
	30kHz/15kHz

	Tx ant num
	2

	[bookmark: OLE_LINK17]Rx ant num
	1/2

	Channel 
	TDL-C

	Carrier Frequency
	2.6GHz/700MHz

	Aggregation Level
	AL 16/8/4/2

	Payload size (without CRC)
	39



4. Link level simulation results for PDCCH
1) Urban scenario:
[image: Chart, line chart
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Figure 3: PDCCH CSS performances in urban scenario
When CORESET BW is larger than 5MHz, RedCap UE can only receive a part of PDCCH at a time and then the puncturing is performed on the Rx side. This is evaluated in the yellow curve and compared with the baseline without puncturing (red curve). In addition, the punctured AL8 performance is between AL4(green curve) and AL2(purple curve) without puncturing. The blue and black curve are Ref. UE performance with 4 and 1 Rx antenna.

Observation 5: Due to the puncturing caused by UE BW limitation, RedCap UE has more than 5dB performance degradation measured as SNR at 1% miss detection rate for AL8 in urban scenario.
 
2) Rural scenario

[image: ]
Figure 4: PDCCH CSS performances in rural scenario
The CORESET BW is within 5MHz for RedCap UE in rural scenario and then AL is limited to 8. The blue curve is the performance of Ref. UE and used as a baseline for comparison with the yellow one which represent the performances of RedCap UE. The performance gap is about 5~6 dB which comes from smaller Rx antenna number and AL. 

To be more clear, the red curve is shown here to show the performance degradation caused by AL reduction only. 

Observation 6: The RedCap UE has several dB performance degradations due to s Rx antenna number and aggregation levels in Rural scenario.
3 Link budget evaluations
3.1 [bookmark: OLE_LINK77]Link budget assumptions
There is link budget assumption in Table-1 for further RedCap UE complexity reduction followed by [2][3], Link budget template is referred from [4], and antenna array are reused as well. FR1 has been only considered in our evaluation. 

Table 4. Link budget assumptions
	System configuration

	Channel for evaluation
	SIB1, PDCCH

	Scenarios and Crarrier frequency (GHz)
	FR1,
Urban 2.6 GHz TDD (SCS 30 kHz),
Rural 700 MHz FDD (SCS 15 kHz).

	gNB antenna heights (m)
	25 m for urban, 35 m for rural.

	UE antenna heights (m)
	1.5 m

	Cell area reliability (%)
	90% for data channel, 99% for control channel.

	Transmitter

	Number of transmit antenna elements
	Urban - 192 antenna elements for 2.6 GHz, 
Rural - 16 antenna elements for 700 MHz.

	Number of transmit TxRUs
	64 TxRUs for 2.6 GHz, 
2 TXRUs for 700 MHz.

	Number of transmit chains modelled in LLS
	2 or 4 gNB transmit chains in LLS.

	Power Spectrum Density (dBm/MHz)
	For FR1 downlink, PSD should satisfy the following: 
  For 2.6 GHz frequency, 33,
  For 700MH and 2GHz frequency, 36.

	Number of PRBs
	Urban
- 11 PRBs (System BW 5MHz),
- 48 PRBs (System BW 20MHz),
Rural
- 25PRBs (System BW 5MHz).

	Gain of antenna element (dBi)
	0 dBi for FR1

	Receiver

	Number of receive antenna elements
	1, 2 or 4

	Number of receive chains modelled in LLS
	1, 2 or 4

	Receiver noise figure (dB)
	7



3. [bookmark: OLE_LINK128][bookmark: OLE_LINK127]Link budget results
2. [bookmark: OLE_LINK129]Link budget results for SIB1
	Rural, 700 MHz (FDD)
	SIB1

	System configuration
	Rel-15 Ref UE (SIB1 > 5 MHz; TBS 1256 bits)
	Rel-17 RedCap UE (SIB1 > 5 MHz; TBS 1256 bits)
	5 MHz RedCap UE
 (BW1, 25 PRBs; SIB1 > 5 MHz; TBS 1256 bits)
	5 MHz RedCap UE
 (BW1, 25 PRBs; SIB1 < 5 MHz; TBS 1256 bits)

	[bookmark: _Hlk111120114]MIL (dB)
	158.49 
	154.69 
	149.52 
	148.94 



	Urban, 2.6 GHz (TDD, DDDDDDDSUU (S: 6D:4G:4U))
	SIB1

	System configuration
	Rel-15 Ref UE (SIB1 BW > 5 MHz; TBS 1256 bits)
	Rel-17 RedCap UE (SIB1 BW > 5 MHz; TBS 1256 bits)
	5 MHz RedCap UE (BW1, 11 PRBs; SIB1 BW > 5 MHz; TBS 1256 bits)
	5 MHz RedCap UE (BW1, 11 PRBs; SIB1 BW < 5 MHz; TBS 1256 bits)

	[bookmark: OLE_LINK132]MIL (dB)
	162.89 
	155.49 
	141.97 
	143.46 





2. Link budget results for PDCCH CSS
	Rural, 700 MHz (FDD)
	[bookmark: OLE_LINK134]PDCCH CSS

	System configuration
	Rel-15 Ref UE (CORESET: 2 symbols, 48 PRBs; AL16) 
	Rel-17 RedCap UE (CORESET: 2 symbols, 48 PRBs; AL16) 
	5 MHz RedCap UE
(BW1, 25 PRBs; CORESET: 3 symbols, 24 PRBs; AL8 )

	[bookmark: OLE_LINK133]MIL (dB)
	158.23 
	155.40 
	151.81 



	Urban, 2.6 GHz (TDD, DDDDDDDSUU (S: 6D:4G:4U))
	PDCCH CSS

	System configuration
	Rel-15 Ref UE (CORESET: 2 symbols, 48 PRBs; AL16)
	Rel-17 RedCap UE (CORESET: 2 symbols, 48 PRBs; AL16)
	[bookmark: OLE_LINK135]5 MHz RedCap UE (BW1, 11 PRBs; CORESET: 2 symbols, 24 PRBs; AL8)
	5 MHz RedCap UE (BW1, 11 PRBs; CORESET: 3 symbols, 6 PRBs; AL2)

	MIL (dB)
	161.91
	156.02
	146.71 
	145.06 



Observation 7. For 5 MHz RedCap UE, SIB1 has smaller MIL than PDCCH CSS and then DL coverage is limited by SIB1 rather than PDCCH CSS. 
3	Conclusions
[bookmark: OLE_LINK75]In this contribution, we evaluated simulation and link budget results for further RedCap UE complexity reduction. The following proposals have been made:
[bookmark: OLE_LINK38]Propose1. SIB1 BW is within 5MHz for Rel-18 RedCap UE to avoid performance degradation caused by UE RF+BB BW reduction.
Propose2. PDCCH CSS CORESET BW is within 5MHz for Rel-18 RedCap UE to avoid performance degradation caused by UE RF+BB BW reduction.

The following observations have been made:
Observation 1: RedCap UE has more than 8dB performance degradation compared with Ref. UE if SIB1 BW is larger than 5MHz due to puncturing and single antenna on the Rx side in Rural scenario.

Observation 2: The performance of SIB1 BW within 5MHz is close to that larger than 5MHz.

Observation 3: RedCap UE has more than 19dB performance degradation compared with Ref. UE if SIB1 BW is larger than 5MHz due to puncturing and single antenna on the Rx side in urban scenario.

Observation 4: The performance of SIB1 BW within 5MHz is better than that larger than 5MHz by 1.5dB.

Observation 5: Due to the puncturing caused by UE BW limitation, RedCap UE has more than 5dB performance degradation measured as SNR at 1% miss detection rate for AL8 in urban scenario.

Observation 6: The RedCap UE has several dB performance degradations due to Rx antenna number and aggregation levels in Rural scenario.
Observation 7. For 5 MHz RedCap UE, SIB1 has smaller MIL than PDCCH CSS and then DL coverage is limited by SIB1 rather than PDCCH CSS. 
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