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1 Introduction
During RAN1#109-e meeting, the following agreements on simulation needs and assumptions for further UE complexity reduction were reached.
	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
Conclusion

· SLS evaluation for network capacity and spectral efficiency is not conducted in Rel-18 RedCap SI.

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
· Following evaluations are not conducted in Rel-18 RedCap SI

· Latency

· Throughput

· Power saving gain
Agreement
· Coverage of Msg4 can be optionally evaluated for “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL 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

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.
Agreement
· For coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”, target data rates are

· FR1 Rural: 250 kbps on DL and 25 kbps in UL

· FR1 Urban: 500 kbps on DL and 250 kbps in UL

· Note: The target data rates are the scaled value in the Rel-17 RedCap SI by a factor of 0.25

Agreement

· 3dB antenna efficiency loss can be optionally assumed for coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”

Agreement (further updated as shown in red – from May 20th GTW)

· For at least PDCCH USS coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”, following revision are assumed

· For 15KHz SCS, CORESET size is 3 symbols and 24 PRBs, AL is 8.

· For 30KHz SCS,

· Opt1: CORESET size is 3 symbols and 6 PRBs, AL is 2 (baseline)

· Opt2: CORESET size is 3 symbols and 12 PRBs, AL is 4 (optional)

FFS：Use all CCEs of the CORESET Other configurations are also not precluded

Agreement
· For coverage evaluation of Rel-18 RedCap UE, 1 Tx branch is assumed.

Conclusion

· Evaluation of PDCCH blocking probability is not conducted in Rel-18 RedCap SI

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
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
Agreement
· The LLS results of the option of “RF+BB BW reduction to 5MHz for all DL/UL channels” can be reused for the coverage evaluation of other BW reduction options, if applicable.
Agreement
· For coverage evaluation in Urban scenario at 4 GHz, DL PSD 33 dBm/MHz is baseline and DL PSD 24 dBm/MHz is optional.
Agreement
· For Msg4 coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”, a TBS of 1040 bits is assumed
· a TBS smaller than 1040 bits can be optionally evaluated and reported by each company.
Agreement
· For PRACH coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”, Format 0 is used for Rural scenario and Format B4 is used for Urban scenario
· Format C2 can be used optionally.
Agreement
For Msg2 coverage evaluation of reference UE, Rel-17 RedCap UE, and Rel-18 RedCap UE, A TBS of 72 bits is assumed.



In this contribution, we will share our simulation results and observations on the coverage impact of further UE bandwidth reduction.
2 Discussion 
2.1 Evaluation results for coverage performance 
For the evaluation of coverage in R17 RedCap SI, the target performance requirement for each channel is identified by the link budget of the bottleneck channel(s) for the reference NR UE within the same deployment scenario. The "bottleneck channel(s)" are the physical channel(s) that have the lowest MIL. Since we have reached consensus that the evaluation methodology of R17 RedCap is reused for R18 RedCap, we should take the bottleneck channel of NR reference UE as the reference point and MIL as the performance metric. Based our simulation results, we find the bottleneck channel for NR reference UE is PUSCH, which is align with the evaluation result in R17 CE /RedCap SI.
Link level simulation and link budget is performed based on the agreed assumption and template for broadcast /unicast PDCCH, SIB1, PBCH, Msg2/3/4, PDSCH and PUSCH in Rural scenario and Urban scenario. It is noted that, for PBCH reception, we assume it is received with 4 HARQ combining within 80ms, and for TDD band, we assume the partial reception and RF retuning are utilized with the receiving pattern as shown in section 2.2. Besides, we assume the target BLER for PBCH reception is 1%. 
For the Rural scenario, Table 1 summarizes the required SNR when achieving the target BLER performance. Figure 1 show the details of the MIL for each channel. Configuration 1 means that broadcast PDCCH and SIB1 are transmitted with a larger number of allocated RBs than 5MHZ, while it is partial received within 5MHZ. For those bits that exceed UE bandwidth, puncturing is performed. Configuration 2 means the broadcast PDCCH and SIB1 are transmitted within 5MHZ, which means only few number of RBs are available with higher coding rate. According to the results, it is observed that SIB1 has about 1.5dB loss compared with bottleneck channel. That is, the coverage of SIB1 will be directly impacted by UE bandwidth reduction in Rural scenario. In addition, it can also be observed that the performance of Msg2 is blow the performance of bottleneck channel. We think it is mainly caused by the limited TBS, since the overhead of CRC bits have directly impact on increasing the real code rate.
Observation 1: UE bandwidth reduction has impact on the coverage of SIB1 in rural scenario.

For the Urban scenario, Table 2 summarizes the required SNR when achieving the target BLER performance. Figure 2 and Figure 3 show the details of the MIL for each channel, assumption that eRdCap UE bandwidth occupies 11RBs and 12 RBs, respectively. For eRedCap UE bandwidth assumptions of 11RBs, we can observe that the performance of SIB1 and the broadcast PDCCH with configuration 2 is below the performance of bottleneck channel. Since the coverage of PDCCH can be ensured by partial reception, there should be no concern about the coverage for this channel. Of course, even if the coverage is good with partial reception, there is still some problem on broadcast PDCCH blind detection. For instance, when gNB transmits the PDCCH candidate with AL1 or AL2 with CORESET@96RBs, the eRedCap UE has no konwlegde of where to receive this PDCCH, therefore missed reception usually occurs. In addition, when assuming eRedCap UE bandwidth is 12RBs, the coverage of all channels is better than the bottleneck channel, except for partial reception of SIB1. That is, solutions for coverage recovery are needed for SIB1 with further bandwidth reduction. 
· PDSCH aggregation for SIB1: To achieve PDSCH aggregation, separate SIB1 for eRedCap UE should be broadcast by the gNB. Of course, PDSCH aggregation can also be achieved by implementation in current network. However, the access delay is bound to be large.
· Precoder cycling in time domain:  In some use scenario with mobility such as wearable, channel status is not stable. In this case, it is better to alternate the precoders for multiple repetitions to overcome the channel fluctuation and achieve the diversity gain.
Observation 2: UE bandwidth reduction has impact on the coverage of broadcast PDCCH with 11RBs BW and SIB1 in urban scenario. 
Proposal 1: Consider the following coverage recovery solutions for SIB1 with PDSCH channel BW reduction

· PDSCH aggregation for SIB1

· Precoder cycling in time domain

Table 1 Required SNR@700MHZ
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Table 2 Required SNR@2.6GHZ
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Figure 1 MIL comparison @700MHZ
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Figure 2 MIL comparison @2.6GHZ for eRedCap UE with 11RBs BW
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Figure 3 MIL comparison @2.6GHZ for eRedCap UE with 12RBs BW

2.2 Other consideration on PBCH and PUSCH transmission  
In this contribution, our preliminary simulation results on the impact of further bandwidth reduction on the performance of PBCH transmissions, frequency diversity gain and frequency selective gain on PUSCH transmissions are given as follows.
Partial PBCH reception with RF retuning
If the UE bandwidth is further reduced for both control and data channels, the PBCH reception with SCS@30KHz will be affected, because only 11 valid RBs can be received for eRedCap UE with 5MHZ, while 20RBs are occupied by the PBCH, i.e., only partial RBs of PBCH can be received. Here we conduct link-level simulation to evaluate the performance loss on partial reception of PBCH, and we obtain simulation results for 1RX and 2RX, as illustrated in Figure 4 and Figure 5 respectively. Detailed simulation parameters are summarized in Table 3 in the Annex. 
“Low”, “middle” and “high” appearing in our simulation results aim to identify the frequency domain locations where the eRedCap UE receives the PBCH, as illustrated in Figure 6. From our results, it can be observed that the performance of reception at the lowest 11RBs and the highest 11RBs is almost the same, which has ~5dB loss compared with complete reception with 1RX, and ~4dB loss with 2RX. And, the performance of receiving in the middle 11RBs is even worse, which has almost ~5dB loss compared with receiving in the highest or lowest 11RBs with 1RX. We think there are two main reasons for this performance gap between these two cases of reception, the first is that there is less coded bits (4RBs less) received compared with receiving in the highest/lowest RBs; the second is that some important bits may be carried in the omitted 4RBs. Thus, we can conclude that, in the case of poor channel conditions, the UE may need to receive PBCH by RF retuning after detecting the PSS and SSS successfully with increased cell search delay. 

Besides, by comparing the simulation results between the 1RX and 2RX, we can see that the performance of reception in the highest or lowest 11RBs with 2RX is even better than the complete reception with 1RX. That is to say, for R18 eRedCap UE with 2RX branches, the reduction of control channel bandwidth is acceptable for PBCH reception with SCS@30KHZ.
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Figure 4 Comparision between 20MHZ and 5MHZ for PBCH reception with 1RX
[image: image7.png]BLER

2.6GHz TDL-C 3km/h 300ns 4T2R
——20M

—&— 5M low
—e—5M middle
—e—5M high

107

E 5 “4 2 0 2 4 6
SNR(dB)




Figure 5  Comparison between 20MHZ and 5MHZ for PBCH reception with 2RX 

[image: image8.png]Frequency

127RE

RORB

symo syml sym2 sym3

Receive middle 11 RBs of PBCH

Time

Further reduced
Bandwidth=SMHZ

Receive the lowest 11RBs of PBCH

Further reduced
Bandwidth=SMHZ

Receive the highest 11RBs of PBCH

Further reduced
Bandwidth=SMHZ




Figure 6 Frequency locations for R18 eRedCap UE to receive PBCH
Observation 3: The eRedCap UE with the reduction of control channel bandwidth can receive PBCH by RF retuning after detecting the PSS and SSS successfully with increased cell search delay.
Impact of UE BW reduction on frequency selective/diversity gain
Since frequency diversity gain / frequency selective gain may be changed in different frequency bandwidth, here we conduct link-level simulation to evaluate the impact on frequency diversity gain and frequency selective gain with further UE bandwidth reduction. Detailed simulation parameters are summarized in Table 4 in the Annex. 

Figure 7 illustrates the comparison on frequency diversity gain with different hopping range in frequency. In the simulation, we assume frequency hopping occurs at two ends of the UE bandwidth and frequency hopping is performed within a slot. According to the results, it is observed that the difference in frequency diversity gain among frequency bandwidth of 5MHz, 20MHz and 50MHz is not significant. The maximum difference is about 0.8dB. 
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Figure 7 Comparison on the frequency diversity gain for PUSCH

Figure 8 displays the comparison on frequency selective gain. In the simulation, within the configurable total frequency resource, 4 consecutive resource blocks with best SINR will be selected for transmission. According to the simulation results, it is observed that there is more 2dB improvement when the frequency bandwidth is increased from 5MHz to 20MHz, and around 2dB improvement when the frequency bandwidth is increased from 20MHz to 50MHz. In short, considerable gain can be expected from wider frequency bandwidth. 

[image: image10.png]BLER

2.6GHz TDL-C 3km/h 30ns SCS15KHz

—e—5M
—e—20M
—e—50M

102

s 5 4 3

2 -
SNR(dB)

1

o





Figure 8 Comparison on the frequency selective gain for PUSCH
Observation 4: eRedCap UE RF BW reduction decreases the frequency selective gain for PUSCH and PDSCH channel.
3 Conclusion 
In this contribution, we discuss simulation needs and assumptions on further NR RedCap UE complexity reduction. Based on the discussion, our views are summarized as follows.
Observation 1: UE bandwidth reduction has impact on the coverage of SIB1 in rural scenario.

Observation 2: UE bandwidth reduction has impact on the coverage of broadcast PDCCH with 11RBs BW and SIB1 in urban scenario. 

Observation 3: The eRedCap UE with the reduction of control channel bandwidth can receive PBCH by RF retuning after detecting the PSS and SSS successfully with increased cell search delay.
Observation 4: eRedCap UE RF BW reduction decreases the frequency selective gain for PUSCH and PDSCH channel.
Proposal 1: Consider the following coverage recovery solutions for SIB1 with PDSCH channel BW reduction

· PDSCH aggregation for SIB1

· Precoder cycling in time domain

Annex
Table.1-1 Common simulation parameters in rural scenario
	Parameters
	Value

	Scenario and frequency
	· 700 MHz 

	SCS
	· 15kHz

	BWP BW
	· 20MHz (106 RBs) for both NR Ref and Redcap 

	Channel model
	· TDL-C, NLoS

	Delay spread
	· 300ns

	Antenna correlation
	· Low

	UE velocity
	· 3 km/h

	# of Tx/Rx chains for gNB
	· 4T4R

	# of Tx/Rx chains for reference UE
	· 1T2R

	# of Tx/Rx chains for R17/R18 RedCap UE
	· 1T1R


Table.1-2 Channel specific parameters for NR reference UE and R17 RedCap UE in rural scenario
	PBCH
	· Payload: 32bits
· Transmission number: 4 transmissions with 80ms, combining
· BLER:1%

	SIB1
	· Initial BLER: 10%
· MCS/RB/TBS: 0/48/1256
· TDRA: 12 symbols including DMRS
· DMRS: Type 1 with 2 DMRS symbols
· Tx diversity: Precoder cycling with bundle size of 6

	PDCCH
	· AL: 16 
· Payload: 40bits 
· CORESET: 2 symbols, 48RBs 
· BLER: 1% 
· Tx diversity: Precoder cycling with bundle size of 6

	Unicast PDSCH
	· Target data rate: FR1: 1Mbps (Rural) 

· Initial BLER: 10% 
· MCS/RB/TBS: 0/40/1128 for Rural 

· TDRA: 12 symbols including DMRS

· DMRS: Type 1 with 2 DMRS symbols

· Tx diversity: Precoder cycling with bundle size of 2 RBs

	Msg2
	· Initial BLER: 10% 
· MCS/RB/TBS: 0/3/72

· TDRA: 12 OFDM symbols

· DMRS: Type 1 with 3 DMRS symbols

· Tx diversity: Precoder cycling with bundle size of 2 RBs

	Msg4
	· Initial BLER: 10% 
· MCS/RB/TBS: 0/36/1040

· TDRA: 12 OFDM symbols

· DMRS: Type 1 with 2 DMRS symbols

· Tx diversity: Precoder cycling with bundle size of 2 RBs

	Msg3
	· Initial BLER: 10% 
· MCS/RB/TBS: 0/2/56

· TDRA: 14 OFDM symbols

· DMRS: Type 1 with 3 DMRS symbols

· Tx diversity: No frequency hopping

	Unicast PUSCH
	· Target data rate: FR1: 100kbps (Rural)

· Initial BLER: 10% 
· MCS/RB/TBS: 0/4/128 for Rural

· TDRA: 14 OFDM symbols

· DMRS: Type 1 with 2 DMRS symbols

· Tx diversity: No frequency hopping


Table.1-3 Channel specific parameters for R18 RedCap UE in rural scenario
	PBCH
	· Payload: 32bits
· Transmission number: 4 transmissions with 80ms, combining
· BLER:1%

	SIB1
	· Initial BLER: 10%
· Configuration 1: MCS/RB/TBS: 0/48/1256
· Configuration 2: MCS/RB/TBS: 3/21/1256
· TDRA: 12 symbols including DMRS
· DMRS: Type 1 with 2 DMRS symbols
· Tx diversity: Precoder cycling with bundle size of 6

	PDCCH
	· Payload: 40bits 
· Configuration 1: 2 symbols, 48RBs, AL=16

· Configuration 2: 2 symbols, 24RBs, AL=8 
· BLER: 1% 
· Tx diversity: Precoder cycling with bundle size of 6

	Unicast PDSCH
	· Target data rate: FR1: 250kbps (Rural) 

· Initial BLER: 10% 
· MCS/RB/TBS: 0/10/288 for Rural 

· TDRA: 12 symbols including DMRS

· DMRS: Type 1 with 2 DMRS symbols

· Tx diversity: Precoder cycling with bundle size of 2 RBs

	Msg2
	· Initial BLER: 10% 
· MCS/RB/TBS: 0/3/72

· TDRA: 12 OFDM symbols

· DMRS: Type 1 with 3 DMRS symbols

· Tx diversity: Precoder cycling with bundle size of 2 RBs

	Msg4
	· Initial BLER: 10% 
· MCS/RB/TBS: 2/24/1040

· TDRA: 12 OFDM symbols

· DMRS: Type 1 with 2 DMRS symbols

· Tx diversity: Precoder cycling with bundle size of 2 RBs

	Msg3
	· Initial BLER: 10% 
· MCS/RB/TBS: 0/2/56

· TDRA: 14 OFDM symbols

· DMRS: Type 1 with 3 DMRS symbols

· Tx diversity: No frequency hopping

	Unicast PUSCH
	· Target data rate: FR1: 25kbps (Rural)

· Initial BLER: 10% 
· MCS/RB/TBS: 0/1/32 for Rural

· TDRA: 14 OFDM symbols

· DMRS: Type 1 with 2 DMRS symbols

· Tx diversity: No frequency hopping


Table.2-1 Common simulation parameters in urban scenario

	Parameters
	Value

	Scenario and frequency
	· Urban: 2.6 GHz (TDD) 

	Frame structure for TDD
	· DDDDDDDSUU  (S: 6D:4G:4U)

	SCS
	· Urban: 30kHz 

	BWP BW
	· Urban: 100MHz (273 RBs) for Ref

· Urban: 20MHz (51 RBs) for Redcap 

	Channel model
	· TDL-C, NLoS

	Delay spread
	· 300ns

	Antenna correlation
	· Low

	UE velocity
	· 3 km/h

	# of Tx/Rx chains forgNB
	· 4T4R

	# of Tx/Rx chains for reference UE
	· Urban: 1T4R

	# of Tx/Rx chains for R17/R18 RedCap UE
	· 1T1R


Table.2-2 Channel specific parameters for NR reference UE and R17 RedCap in urban scenario

	PBCH
	· Payload: 32bits
· Transmission number: 4 transmissions with 80ms, combining
· BLER:1%

	SIB1
	· Initial BLER: 10%
· MCS/RB/TBS: 0/48/1256
· TDRA: 12 symbols including DMRS
· DMRS: Type 1 with 2 DMRS symbols
· Tx diversity: Precoder cycling with bundle size of 6

	PDCCH
	· AL: 16 
· Payload: 40bits 
· CORESET: 2 symbols, 48RBs 
· BLER: 1% 
· Tx diversity: Precoder cycling with bundle size of 6

	Unicast PDSCH
	· Target data rate: FR1: 2 Mbps (Urban)

· Initial BLER: 10% 

· MCS/RB/TBS: 1/41/1516 or Urban

· PDSCH duration: 12 symbols  

· DMRS: Type 1 with 2 DMRS symbols

· Tx diversity: Precoder cycling with bundle size of 2 RBs

	Msg2
	· Initial BLER: 10% 
· MCS/RB/TBS: 0/3/72

· TDRA: 12 OFDM symbols

· DMRS: Type 1 with 3 DMRS symbols

· Tx diversity: Precoder cycling with bundle size of 2 RBs

	Msg4
	· Initial BLER: 10% 
· MCS/RB/TBS: 0/36/1040

· TDRA: 12 OFDM symbols

· DMRS: Type 1 with 2 DMRS symbols

· Tx diversity: Precoder cycling with bundle size of 2 RBs

	Msg3
	· Initial BLER: 10% 
· MCS/RB/TBS: 0/2/56

· TDRA: 14 OFDM symbols

· DMRS: Type 1 with 3 DMRS symbols

· Tx diversity: No frequency hopping

	Unicast PUSCH
	· Target data rate: FR1: 1Mbps (Urban), 100kbps (Rural)

· Initial BLER: 10% 

· MCS/RB/TBS: 3/30/2280 for Urban

· TDRA: 14 OFDM symbols

· DMRS: Type 1 with 2 DMRS symbols

· Tx diversity: No frequency hopping


Table.2-3 Channel specific parameters for R18 RedCap UE in urban scenario

	PBCH
	· Payload: 32bits
· Transmission number: 4 transmissions with 80ms, combining
· BLER:1%

	SIB1
	· Initial BLER: 10%
· Configuration 1: MCS/RB/TBS: 0/48/1256
· Configuration 2: MCS/RB/TBS: 7/10/1256, 6/12/1256 for 12RBs as optional
· TDRA: 12 symbols including DMRS
· DMRS: Type 1 with 2 DMRS symbols
· Tx diversity: Precoder cycling with bundle size of 6

	PDCCH
	· Payload: 40bits 
· Configuration 1: 2 symbols, 24RBs, AL=8

· Configuration 2: 3symbols, 6RBs, AL=2 or 3 symbols, 12RBs, AL=4 as optional

· BLER: 1% 
· Tx diversity: Precoder cycling with bundle size of 6

	Unicast PDSCH
	· Target data rate: FR1: 500kbps (Rural) 

· Initial BLER: 10% 
· MCS/RB/TBS: 1/9/336, 0/12/336 for 12RBs as optional
· TDRA: 12 symbols including DMRS

· DMRS: Type 1 with 2 DMRS symbols

· Tx diversity: Precoder cycling with bundle size of 2 RBs

	Msg2
	· Initial BLER: 10% 
· MCS/RB/TBS: 0/3/72

· TDRA: 12 OFDM symbols

· DMRS: Type 1 with 3 DMRS symbols

· Tx diversity: Precoder cycling with bundle size of 2 RBs

	Msg4
	· Initial BLER: 10% 
· MCS/RB/TBS: 6/10/1040, 5/12/1040 for 12RBs as optional
· TDRA: 12 OFDM symbols

· DMRS: Type 1 with 2 DMRS symbols

· Tx diversity: Precoder cycling with bundle size of 2 RBs

	Msg3
	· Initial BLER: 10% 
· MCS/RB/TBS: 0/2/56

· TDRA: 14 OFDM symbols

· DMRS: Type 1 with 3 DMRS symbols

· Tx diversity: No frequency hopping

	Unicast PUSCH
	· Target data rate: FR1: 250kbps (Urban)

· Initial BLER: 10% 
· MCS/RB/TBS: 2/10/552, 1/12/528 for 12RBs as optional
· TDRA: 14 OFDM symbols

· DMRS: Type 1 with 2 DMRS symbols

· Tx diversity: No frequency hopping


Table 3 Simulation parameters for PBCH reception with RF retuning
	Parameters
	Value

	Carrier frequency
	2.6GHz

	Channel
	TDL-C NLOS 3km/h 

	UE Bandwidth
	20MHz/5MHZ 

	SCS 
	30KHZ

	UE antenna
	1Rx/2Rx

	gNB antenna
	4Tx

	PBCH payload (excluding 24bits CRC)
	32 bits

	Modulation
	QPSK

	Channel coding
	Polar code 

	Channel model
	TDL-C (delay spread: 300ns)

	Channel estimation
	Practical

	Receiver type
	MMSE

	BLER target
	1%

	Cycles number/slot
	40000


Table 4 Simulation parameters for PUSCH selective gain

	Parameters
	Value

	Carrier frequency
	2.6GHz

	TBS
	456 

	SCS
	15KHz

	UE Bandwidth 
	50MHz/20MHz/5MHz

	MCS
	5

	OFDM symbols
	14

	Modulation
	QPSK

	Number of RBs
	4

	Channel coding
	LDPC code 

	Channel model
	TDL-C NLOS (delay spread: 30ns)

	Channel estimation
	Ideal

	Receiver type
	MMSE

	BLER target
	10%
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Ref UE with 4RX RedcnfRI;(E with 1RX, 11 PRBs 1RX, 12 PRBs
Config.] | Config2 | Config.] | Config.2
PBCH 9.86 0.75 3.62 3.25
Broacsast Cnicast 1116 5.4 355 | 97 | 308 | 3.66
SIBI 7.82 0.92 115 9 888 | 645
M2 74 1.89 22 2.38
Mses 8.89 1.93 6.13 442
Unicast PDSCH 8.14 -0.96 1.02 0.7
Mse3 27.09 717 -6.84 -6.78
Unicast PUSCH -6.41 6.42 -6.68 7.68




