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1 [bookmark: _Ref40465791]Introduction
In RAN1#109-e meeting, the following agreements were agreed on the evaluation of the coverage impact for eRedCap UE. 
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
         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
 
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 configuations 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 configuations 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
         Revise the agreement as follows:
Agreement
         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 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.

At least the prioritized channels, i.e., PBCH, PDCCH CSS, SIB1 PDSCH should be simulated to check if there is a critical coverage problem. For the prioritized channels, gNB may transmit them using a large number of allocated PRBs which is better for exiting UEs. However, an eRedCap UE can only do partial reception which results in performance degradation. In this contribution, we present our evaluation results for the different channels.   
2 Discussions
In last RAN1 meeting, three options for BW reduction (BW1/2/3) and three options for peak data rate reduction (PR1/2/3) are identified for further study. BW1/2 has the strongest limitation on BB BW, i.e., an eRedCap UE can only receive in 5MHz bandwidth. It corresponds to 25 localized PRBs for SCS 15kHz, or 11 or 12 localized PRBs for SCS 30kHz. BW3 and PR3 are similarly with a difference on localized or distributed resource allocation [1]. On the other hand, there is no limitation on the number of allocated PRBs in PR1/2. Therefore, PR1/PR2 doesn’t cause partial reception for eRedCap UE. 

Whether partial reception is necessary for an option depends on the SCS of the DL BWP and the configured number of PRBs for three prioritized channels. 
· For PBCH, partial reception is necessary for BW1/2 if SCS 30kHz is deployed. Note: Certain NR bands defined in RAN4 can only support single SCS for SSB transmission of 30kHz. It needs further discussion whether the same limitation applies to BW3/PR3. On the other hand, there is no issue on PBCH reception for SCS 15kHz. 
· For PDCCH CSS, partial reception is likely used for BW1/2 since gNB may allocate a large number of PRBs for CORESET#0 for better performance of legacy UEs. Except for one case of CORESET 0 with 24 PRBs and SCS 15kHz, partial reception is necessary for all other cases. There is no issue for BW3/PR3 since 20MHz BW for control channel is supported in BW3/PR3. 
· Regarding SIB1 PDSCH, partial reception may be necessary for all options, BW1/2/3 and PR3, except for a case of CORESET 0 with 24 PRBs and SCS 15kHz. However, CORESET 0 of 24 PRBs may not be a good choice considering the deployment scenario since it can only support 12 CCEs, which means the largest CCE aggregation level 16 is inapplicable. 

In the following section, we provide link level simulation results for the partial reception. 

For PBCH with SCS 30kHz, an eRedCap UE may only receive the center 11 or 12 PRBs due to limitation of 5MHz BW. There is no issue for PSS/SSS detection. However, it means half number of REs for PBCH are punctured. Comparing with Rel-17 RedCap UE, the loss is about 4.5dB. 
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Figure 1: Performance of PBCH detection

For PDCCH CSS, two options are considered by RAN1 simulation assumption. One option assumes the CORESET has a BW > 5MHz and a UE can only do partial reception in 5MHz. Assuming the CORESET has N PRBs (>5MHz), we assume the lowest 25 or 11 or 12 PRBs are received by the eRedCap UE. A typical configuration is CORESET with 48 PRBs and 2 symbols. The total number of CCEs is 16. An eRedCap UE can only receive 12*12*2=288 REs of the PDCCH, which corresponds to 4 CCEs. As shown in Figure 2, all three options for PDCCH reception of eRedCap UE have much worse performance than Rel-17 RedCap UE. The punctured reception, i.e., only receiving 11 of 24 or 48 PRBs are 7-8 dB worse. On the other hand, relying on a CORESET with 6 PRBs is the worst since it can only support PDCCH with AL 2. From the results, the required SNR for PDCCH miss detection rate 0.01 is relatively high, which motivates necessary enhancement. 
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Figure 2: Performance of PDCCH detection

SIB1 PDSCH may have a large payload size which requires a large number of allocated PRBs for reliable transmission. Denote the number of allocated PRBs for SIB1 as N (>5MHz), we assume the lowest 25 or 11 or 12 PRBs are received by the eRedCap UE. For example, the agreed simulation assumption is 1256 bits for SIB1. If the UE only receive 11 allocated PRBs, the coding rate is about 0.4 which is too high for reliable SIB1 reception. Therefore, a typical value of 4 repetition of SIB1 in a 160ms cycle is considered in the simulation. We assume 48 PRBs are allocated for SIB1 transmission (for existing UEs). From Figure 3, the performance loss of partial reception is around 7.5dB compared to Rel-17 RedCap UE. The working point of residual BLER 0.01 for eRedCap is about 1 dB, which is bad for coverage. Therefore, it is expected more repetitions are necessary for SIB1 reception of eRedCap UE. 
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Figure 3: Performance of SIB1 PDSCH reception

Based on the above simulation results, large performance loss is observed due to partial receptions. Comparing with Rel-17 RedCap UE with 1 Rx antenna, 
· The loss is 4.5dB for PBCH, 7-8dB for PDCCH CSS, 7.5dB for SIB1 PDSCH. 
· If CORESET is limited to 6 PRBs, i.e., PDCCH AL 2, the performance loss is about 12.3dB. 
In coverage evaluation in Rel-17, PUSCH was identified as the bottleneck channel. Due to the around 7-8 dB loss for PDCCH CSS or SIB1 PDSCH, the bottleneck channel for eRedCap UE may change, especially for Urban 4GHz or Rural 700MHz scenarios.
Observation: Large performance loss is observed due to partial receptions. Comparing with Rel-17 RedCap UE with 1 Rx antenna, 
· The loss is 4.5dB for PBCH, 7-8dB for PDCCH, 7.5dB for SIB1 PDSCH. 
· If CORESET is limited to 6 PRBs, i.e., PDCCH AL 2, the performance loss is about 12.3dB. 
· The large loss of PBCH, PDCCH CSS or SIB1 PDSCH may change the bottleneck channel in some scenarios. 

3 Conclusions
In this contribution, we presented our evaluation results for partial reception of PBCH, PDCCH CSS and SIB1 PDSCH. We make the following observations. 

[bookmark: _Ref7850160][bookmark: _Ref7850250]Observation: Large performance loss is observed due to partial receptions. Comparing with Rel-17 RedCap UE with 1 Rx antenna, 
· The loss is 4.5dB for PBCH, 7-8dB for PDCCH, 7.5dB for SIB1 PDSCH. 
· If CORESET is limited to 6 PRBs, i.e., PDCCH AL 2, the performance loss is about 12.3dB. 
· The large loss of PBCH, PDCCH CSS or SIB1 PDSCH may change the bottleneck channel in some scenarios. 
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ANNEX Simulation assumptions 
Table A1: 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
	30 kHz
	30 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

	Rel-15 UE

	BW
	100MHz (273 PRBs)
	100MHz (273 PRBs)
	20MHz (106 PRBs)

	# of UE TX chains
	1
	1
	1

	# of UE RX chains
	4
	4
	2

	Rel-17 RedCap UE

	BW
	20MHz (51 PRBs)
	20MHz (51 PRBs
	20MHz (106 PRBs)

	# of UE TX chains
	1
	1
	1

	# of UE RX chains
	1
	1
	1

	eRedCap UE

	BW
	5MHz (11 or 12 PRBs)
	5MHz (11 or 12 PRBs)
	5MHz (25 PRBs)

	# of UE TX chains
	1
	1
	1

	# of UE RX chains
	1
	1
	1



Table A2: Evaluation assumptions for PBCH 
	Parameters
	Values

	waveform
	CP-OFDM

	performance target
	1% rBLER

	T/F resources
	Per RAN1 spec

	Payload
	32 bits payload, 24 bits CRC

	Number of transmissions
	4

	Rx combining
	MRC

	Diversity scheme
	Precoder cycling

	Periodicity 
	20 ms



Table A3: Evaluation assumptions for PDCCH 
	Parameters
	Values

	waveform
	CP-OFDM

	performance target
	1% BLER

	CORESET 
	For reference UE
· 2 symbols, 48 PRBs, PDCCH AL 16
For eRedCap UE
· 2 symbols, 48 PRBs, 11-PRB partial reception
· 2 symbols, 24 PRBs, 11-PRB partial reception
· symbols, 6 PRBs, PDCCH AL 2  

	Frequency distributed
	Yes

	Payload
	40 bits

	Number of transmissions
	1

	Rx combining
	MRC

	Diversity scheme
	Normal PDCCH: Precoder cycling every 6 REGs
PDCCH for Msg2/4: wideband RS

	Aggregation level
	16, 8, 2



Table A4: Evaluation assumptions for SIB1 PDSCH
	Parameters
	Values

	TBS
	1256 bits

	Resource allocation
	48 PRBs

	Performance target 
	1% rBLER

	TDRA 
	12 OFDM symbols

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

	Number of transmissions
	4
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