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Introduction

In RAN #88e meeting¸ study item on support of reduced capability NR devices [1] was revised. As a baseline, the requirements for these three use cases are:

Generic requirements:

Device complexity: Main motivation for the new device type is to lower the device cost and complexity as compared to high-end eMBB and URLLC devices of Rel-15/Rel-16. This is especially the case for industrial sensors. 

Device size: Requirement for most use cases is that the standard enables a device design with compact form factor. 

Deployment scenarios: System should support all FR1/FR2 bands for FDD and TDD.

Use case specific requirements: 

Industrial wireless sensors: Reference use cases and requirements are described in TR 22.832 and TS 22.104: Communication service availability is 99.99% and end-to-end latency less than 100 ms. The reference bit rate is less than 2 Mbps (potentially asymmetric e.g. UL heavy traffic) for all use cases and the device is stationary. The battery should last at least few years. For safety related sensors, latency requirement is lower, 5-10 ms (TR 22.804)

Video Surveillance: As described in TR 22.804, reference economic video bitrate would be 2-4 Mbps, latency < 500 ms, reliability 99%-99.9%. High-end video e.g. for farming would require 7.5-25 Mbps. It is noted that traffic pattern is dominated by UL transmissions.

Wearables: Reference bitrate for smart wearable application can be 5-50 Mbps in DL and 2-5 Mbps in UL and peak bit rate of the device higher, up to 150 Mbps for downlink and up to 50 Mbps for uplink.  Battery of the device should last multiple days (up to 1-2 weeks).

In this contribution, we discuss the coverage recovery related issues and then some initial link budget results of  DL/UL channel(s) for legacy NR UE and RedCap UE are given. Finally, some potential coverage recovery schemes for RedCap UE are also suggested.

Coverage recovery target
In the RAN1#102-e meeting, the following agreements on the target performance for coverage recovery were reached. 

	Agreements: Down-selection on the following options for the target performance requirement for RedCap UEs in RAN1#103-e (aim for early in the e-meeting):

Option 1: The target performance requirement for each channel is identified by a target MCL or MIL or MPL within a reasonable deployment

Option 3: 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

Note: The “bottleneck channel(s)” are the physical channel(s) that have the lowest MCL or MIL or MPL

The details for the target performance requirement are FFS


For Option 1, a channel is identified as coverage bottleneck if the MCL/MIL/MPL of the channel is worse than an absolute target value. It is straightforward, while it should be very careful to make a decision on such absolute target value. One way is to define a target ISD based on deployment to derive a target MPL. However, as discussed in coverage enhancement SI, many companies have concerns on parameters alignment for calculation of MPL. As a result, MPL can only be used as supplemental information for coverage bottleneck(s) identification. For MCL or MIL based metric, it would be imprudent to come up with an arbitrary target value to determine any bottleneck channels as wanted. It is also expected to consume lots of time to reach consensus on one absolute value among companies. 

Observation 1: For Option 1, it would be difficult to get a suitable absolute target MCL/MIL/MPL value for coverage bottleneck(s) identification.
The spirit of Option 3 is to identify bottleneck channels if the baseline performance of a channel for Redcap UE is worse than the target performance of a bottleneck channel with the worst MCL/MIL/MPL for a reference NR UE. Thus, it needs to first determine what the reference NR UE is. 

If it is a Rel-15/16 NR UE, the performance of the bottleneck channel for the reference NR UE could be directly determined by the link budget calculation with assumptions have been agreed. However, if a Rel-17 NR coverage enhancement UE is chosen as the reference UE, an additional margin should be added on top of the target performance determined by the link budget calculation for Rel-15/16 UE. In our contribution [2], the performance gap for coverage enhancement could be more than 6 dB for many scenarios. Therefore, an additional margin of 6 dB could be considered. 

Observation 2: For Option 3, if a Rel-17 NR coverage enhancement UE is chosen as the reference UE, an additional margin should be added on top of the target performance determined by the link budget calculation for Rel-15/16 UE.
Proposal 1: Option3 is adopted for the target performance requirement for RedCap UEs. 
Link budget
Performance metric

For RedCap coverage analysis, it was agreed that the agreements in Rel-17 coverage enhancement SI regarding link budget template and antenna array gain are reused. In the RAN1#102-e meeting, the following agreements on performance metric were reached in NR coverage enhancement SI. 

	Agreements:

Adopt single link budget template for both FR1 and FR2 based on IMT-2020 self-evaluation with rows for MIL, MCL, MPL, and necessary revisions, including adding/removing/revising/simplifying some parameters
For LLS based methodology, coverage bottleneck(s) identification is performed using at least MIL or MCL (assuming the set of simulation assumptions)
Even when SLS is used to obtain some components of MIL or MCL, it is categorized as LLS based methodology.
MCL values can also be used to identify the coverage bottleneck(s) when applicable
“applicable” above means the following situation:
[comparing channels with similar antenna (and antenna array) gain, and/or
 the simulation results with MIL from companies are diverse, and the comparison with MIL is not easy]
Agreements:

MPL can be used as supplemental information for coverage bottleneck(s) identification

The results based on MPL are to be captured in TR

Note: this is uself to show the achievable ISD. 

The definition of MPL shall be determined in RAN1

RAN1 will not further discuss on specific values for the parameters related to MPL 

IMT-2020 values are as a starting point, but: 

companies may use other values, and

for the parameters that companies think IMT-2020 self-evaluation does not clearly define the values for some scenarios, it is up to companies to report


Based on MCL definition, it doesn’t include the antenna gain component 2~4. It means MCL based metric cannot be used to identify the antenna array gain difference among channels in RRC-idle mode and channels in RRC-connected mode. As also mentioned above, MPL can only be used as supplemental information for coverage bottleneck(s) identification in NR coverage enhancement SI. As a result, MIL is a more appropriate metric for coverage recovery of Redcap UE. 
Proposal 2: For coverage recovery of RedCap UE, MIL is used as the performance metric for coverage bottleneck(s) identification.
Link budget results
Urban scenario

Table 3-1: MIL for legacy NR UE and RedCap UE in urban scenario at 2.6GHz
	
	MIL,urban scenario at 2.6GHz

	
	PDCCH
	PDCCH scheduling Msg2/4
	PDSCH
	Msg2
	Msg4
	PUCCH format 1 with 2bits
	PUCCH format 3 with 11bits
	PUCCH format 3 with 22bits
	PUSCH
	Msg3

	NR
	167.41 
	156.98 
	167.64 
	157.66 
	157.97 
	162.64 
	160.90 
	158.38 
	141.96 
	156.50 

	RedCap
	158.25 
	147.82 
	160.76 
	150.95 
	151.41 
	159.64 
	157.90 
	155.38 
	138.96 
	153.50 

	Note1: For DL channels in connected mode, the correction factor of gNB antenna gain component 2(Δ1) + the correction factor of antenna gain component 3&4(Δ2) = 2.95 dB;

Note2: For DL channels during (initial) random access, (Δ1) + (Δ2) = 13.38 dB;

Note3: For UL channels in connected mode or during (initial) random access, (Δ1) +(Δ2) = 2.95 dB;


For urban scenario at 2.6 GHz, the MIL results of each channel for legacy NR UE and RedCap UE are shown in Table 3-1. Detailed evaluation assumptions are provided in the appendix. 
It can be seen that the bottleneck channel of legacy NR UE is PUSCH with MIL= 141.96 dB. In this scenario, only PUSCH of RedCap UE needs coverage recovery and the coverage recovery target value is 3 dB. 
Observation 3: In urban scenario at 2.6 GHz, the bottleneck channel of legacy NR UE is PUSCH with MIL= 142.38 dB.
Observation 4: In urban scenario at 2.6 GHz, only PUSCH of RedCap needs coverage recovery if the coverage recovery target for RedCap UE is to achieve the same coverage as legacy NR UE. 

Since Rel-17 NR coverage enhancement SI is under discussion, the coverage enhancement target value has not been determined yet. Based on the analysis in [2], the target value may be larger than 6 dB. When the coverage recovery target for RedCap UE is to achieve the same coverage as Rel-17 NR coverage enhancement UE (e.g. 6 dB enhancement), then the MIL value for identifying channel(s) of RedCap for coverage recovery would reach to 147.96 dB. In such case, the following channel(s) of RedCap need coverage recovery:

PDCCH scheduling Msg2/4. The recovery target value is 0.14dB. 
PUSCH. The recovery target value is 9dB. 
Observation 5: In urban scenario at 2.6 GHz, PDCCH scheduling Msg2/4 and PUSCH of RedCap need coverage recovery if the coverage recovery target for RedCap UE is to achieve the same coverage as Rel-17 NR coverage enhancement UE. 

Table 3-2: MIL for legacy NR UE and RedCap UE in urban scenario at 4GHz
	
	MIL,urban scenario at 4GHz

	
	PDCCH
	PDCCH scheduling Msg2/4
	PDSCH
	Msg2
	Msg4
	PUCCH format 1 with 2bits
	PUCCH format 3 with 11bits
	PUCCH format 3 with 22bits
	PUSCH
	Msg3

	NR
	158.22 
	147.79 
	157.29 
	148.30 
	148.56 
	162.60 
	160.87 
	158.35 
	143.02 
	156.33 

	RedCap
	148.99 
	138.56 
	151.62 
	141.67 
	141.89 
	159.60 
	157.87 
	155.35 
	140.02 
	153.33 


The MIL results for legacy NR UE and RedCap UE in urban scenario at 4GHz are shown in Table 3-2. The correction factors for antenna gain are the same as that used in Table 3-1. More detailed evaluation assumptions are provided in the appendix. 
It can be seen that the bottleneck channel of legacy NR UE is PUSCH with MIL = 143.02 dB. Then in this scenario, PDCCH scheduling Msg2/4, Msg2, Msg4, PUSCH and Msg3 of RedCap need coverage recovery. 
Observation 6: In urban scenario at 4GHz, the bottleneck channel of legacy NR UE is PUSCH with MIL= 143.02 dB.
Observation 7: In urban scenario at 4GHz, PDCCH scheduling Msg2/4, Msg2, Msg4, PUSCH and Msg3 of RedCap UE need coverage recovery if the coverage recovery target for RedCap UE is to achieve the same coverage as legacy NR UE. 
When the coverage recovery target for RedCap UE is to achieve the same coverage as Rel-17 NR coverage enhancement UE (e.g. 6 dB enhancement), the MIL value for identifying channel(s) of RedCap UE for coverage recovery equals to 149.02 dB. Therefore, the following channel(s) of RedCap UE need coverage recovery:

PDCCH scheduling Msg2/4. The recovery target value is 10.46 dB. 
Msg2. The recovery target value is 7.35 dB. 
Msg4. The recovery target value is 7.13 dB. 
PUSCH. The recovery target value is 9 dB. 
Observation 8: In urban scenario at 4GHz, PDCCH scheduling Msg2/4, Msg2, Msg4 and PUSCH of RedCap UE need coverage recovery, if the coverage recovery target for RedCap UE is to achieve the same coverage as Rel-17 NR coverage enhancement UE. 
Rural scenario

Table 3-3: MIL for legacy NR and RedCap in rural scenario  at 0.7GHz
	
	MIL, rural scenario at 0.7GHz

	
	PDCCH
	PDCCH scheduling Msg2/4
	PDSCH
	Msg2
	Msg4
	PUCCH format 1 with 2bits
	PUCCH format 3 with 11bits
	PUCCH format 3 with 22bits
	PUSCH
	Msg3

	NR
	158.52 
	154.83 
	157.36 
	154.43 
	154.73 
	152.64 
	150.59 
	147.88 
	143.58 
	143.21 

	RedCap
	151.98 
	148.29 
	149.74 
	146.53 
	146.69 
	149.64 
	147.59 
	144.88 
	140.58 
	140.21 

	Note1: For DL/UL channels in connected mode,  the correction factor of gNB antenna gain component 2(Δ1) + the correction factor of antenna gain component 3&4(Δ2) = 3.86dB;

Note2: For DL/UL channels during (initial) random access, (Δ1) + (Δ2) = 7.55dB;


The MIL results for legacy NR UE and RedCap UE in rural scenario at 0.7GHz are shown in Table 3-3. Detailed evaluation assumptions are provided in the appendix. 
It can be seen that the bottleneck channel of legacy NR UE is Msg3 with MIL= 143.21 dB. Then in this scenario, PUSCH and Msg3 of RedCap need coverage recovery and the coverage recovery target value are 2.63 dB and 3 dB respectively. 
Observation 9: In rural scenario at 0.7GHz, the bottleneck channel of legacy NR UE is Msg3 with MIL= 143.21 dB.
Observation 10: In rural scenario at 0.7GHz, PUSCH and Msg3 of RedCap UE need coverage recovery if the coverage recovery target for RedCap UE is to achieve the same coverage as legacy NR UE. 
When the coverage recovery target for RedCap UE is to achieve the same coverage as Rel-17 NR coverage enhancement UE (e.g. 6 dB enhancement), then the MIL value for identifying channel(s) of RedCap for coverage recovery equals to 149.21 dB. Therefore, the following channel(s) of RedCap need coverage recovery:

PDCCH scheduling Msg2/4. The recovery target value is 0.92dB. 
Msg2. The recovery target value is 2.68dB. 
Msg4. The recovery target value is 2.52dB. 
PUCCH format 3 with 11bits. The recovery target value is 1.62dB. 
PUCCH format 3 with 22bits. The recovery target value is 4.33dB. 
PUSCH. The recovery target value is 8.63dB. 
Msg3. The recovery target value is 9dB. 
Observation 11: In rural scenario at 0.7 GHz, PDCCH scheduling Msg2/4, Msg2, Msg4, PUCCH format 3 with 11bits or 22bits, PUSCH and Msg3 of RedCap UE need coverage recovery if the coverage recovery target for RedCap UE is to achieve the same coverage as Rel-17 NR coverage enhancement UE. 
Indoor scenario 

Table 3-4: MIL for legacy NR UE and RedCap UE in indoor scenario at 28GHz
	
	MIL, indoor scenario at 28GHz

	
	PDCCH
	PDCCH scheduling Msg2/4
	PDSCH
	Msg2
	Msg4
	PUCCH format 1 with 2bits
	PUCCH format 3 with 11bits
	PUCCH format 3 with 22bits
	PUSCH
	Msg3

	NR
	140.53 
	139.83 
	134.51 
	138.97 
	139.26 
	157.48 
	153.13 
	152.32 
	134.35 
	152.33 

	RedCap
	137.15 
	136.45 
	129.16 
	134.14 
	134.67 
	157.48 
	153.13 
	152.32 
	134.35 
	152.33 

	Note1: For DL/UL channels in connected mode,  the correction factor of gNB antenna gain component 2(Δ1) + the correction factor of antenna gain component 3&4(Δ2) = 5.47dB;

Note2: For DL/UL channels during (initial) random access, (Δ1) + (Δ2) = 6.17dB;


The MIL results for legacy NR UE and RedCap UE in indoor scenario 28GHz are shown in Table 3-4. Detailed evaluation assumptions are provided in the appendix. 
It can be seen that the bottleneck channel of legacy NR UE is PUSCH with MIL= 134.35 dB. In this scenario, PDSCH and Msg2 of RedCap UE need coverage recovery and the coverage recovery target value are 5.19 dB and 0.21 dB respectively. 
Observation 12: In indoor scenario 28GHz, the bottleneck channel of legacy NR UE is PUSCH with MIL= 134.35 dB.
Observation 13: In indoor scenario 28GHz, PDSCH and Msg2 of RedCap UE need coverage recovery if the coverage recovery target for RedCap UE is to achieve the same coverage as legacy NR UE. 

When the coverage recovery target for RedCap UE is to achieve the same coverage as Rel-17 NR coverage enhancement UE (e.g. 6 dB enhancement), the MIL value for identifying channel(s) of RedCap for coverage recovery equals to 140.35 dB. Therefore, the following channel(s) of RedCap need coverage recovery:

PDCCH. The recovery target value is 3.2dB. 
PDCCH scheduling Msg2/4. The recovery target value is 3.9dB. 
PDSCH. The recovery target value is 11.19dB. 
Msg2. The recovery target value is 6.21dB. 
Msg4. The recovery target value is 5.68dB. 
Observation 14: In indoor scenario at 28GHz, PDCCH, PDCCH scheduling Msg2/4, PDSCH, Msg2, Msg4 of RedCap need coverage recovery if the coverage recovery target for RedCap UE is to achieve the same coverage as Rel-17 NR coverage enhancement UE. 
Channel(s) for coverage recovery
Based on the link budget results and the analysis in section 3.2, the channel(s) of RedCap for coverage recovery are listed as follows:

If the coverage recovery target for RedCap UE is to achieve the same coverage as legacy NR ,the channel(s) of RedCap for coverage recovery are:
PUSCH in urban scenario at 2.6 GHz 
PDCCH scheduling Msg2/4, Msg2, Msg4, PUSCH and Msg3 in urban  scenario at 4 GHz
PUSCH and Msg3 in rural scenario at 0.7GHz
PDSCH and Msg2 in indoor scenario at 28GHz.
If the coverage recovery target for RedCap UE is to achieve the same coverage as Rel-17 NR coverage enhancement UE with a target of 6dB, the channel(s) of RedCap UE for coverage recovery are:
PDCCH scheduling Msg2/4 and PUSCH in urban scenario at 2.6 GHz  

PDCCH scheduling Msg2/4, Msg2, Msg4 and PUSCH in urban  scenario at 4 GHz
PDCCH scheduling Msg2/4, Msg2, Msg4, PUCCH format 3with 11bits and PUCCH format 3with 22bits, PUSCH and Msg3 in rural scenario at 0.7GHz

PDCCH, PDCCH scheduling Msg2/4, PDSCH, Msg2, Msg4 in indoor scenario at 28GHz.
Based on above analysis, we have the following two proposals. 
Proposal 3: If the coverage recovery target for RedCap UE is to achieve the same coverage as legacy NR UE, the channel(s) of RedCap UE for coverage recovery include PDSCH, PDCCH scheduling Msg2/4, Msg2, Msg4, PUSCH and Msg3. 
Proposal 4: If the coverage recovery target for RedCap UE is to achieve the same coverage as Rel-17 NR coverage enhancement UE with a target of 6 dB, the channel(s) of RedCap for coverage recovery include PDSCH, PDCCH, PDCCH scheduling Msg2/4, Msg2, Msg4, PUSCH, PUCCH format 3 with 11bits, PUCCH format 3 with 22bits and Msg3.
Coverage recovery  schemes

In this section, some coverage recovery schemes are identified and the specification impact of these schemes are discussed. 
Larger aggregation factor
Aggregation factor semi-statically configured by RRC signaling is supported in legacy NR. If a UE receives the aggregation factor from RRC signaling, the UE may expect that the transmission block is repeated within the same symbol allocation among each of the AggregationFactor consecutive slots. It can be be treated as a coverage enhancement scheme. 

For RedCap, the aggregation factor can also be used for coverage recovery with the modification of configuring a larger value range which means RedCap UE can use more consecutive slots for the transmission compared with legacy NR. The RRC signaling carrying the aggregation factor is available in RRC_CONNECTED mode, so this coverage recovery scheme is more suitable to PDSCH, PUSCH, PUCCH, PDCCH in RRC_CONNECTED mode.

In addition, in case of collision with DL slots for TDD or BWP switching, the collided PUSCH transmission shall be cancelled in legacy NR. So, the actual number of PUSCH repetition is less than the nominal number of repetition and the coverage performance of PUSCH will be significantly degraded. Thus, the number of repetition should be guaranteed to improve the coverage performance. For instance, it should be counted on the basis of available U/X slots until the indicated number of repetitions is reached.
Repetitions
More energy can be accumulated to improve coverage by prolonging transmission time. Transmission with more repetitions is one implementation. Therefore, transmission with repetitions for the bottleneck channels can be used for coverage recovery. 

For a channel, the repetition can be predefined or indicated by a DCI. If the repetition is predefined, a mapping rule for the channel should be specified. Take CORESET0 for instance, when SSB and CORESET0 multiplexing pattern is pattern 1, CORESET0 is configured in 2 slots in legacy NR. For RedCap, if the repetition of CORESET 0 is predefined as 2, additional 2 slots should be predefined for the transmission of CORESET 0 for RedCap UE. The predefined way is more suitable to SSB, PDCCH scheduling Msg2 or Msg4, PRACH, PDCCH carrying SIB message. 

If a DCI is used to indicate the repetition of a channel, a new indication field in the DCI should be introduced. This way is more suitable to PDSCH, PUCCH, PDCCH. Note that, dynamic indication of PUSCH has been supported in Rel-16 URLLC. 
Frequency hopping enhancement
Considering the BW of RedCap UE is reduced, frequency hopping gain is smaller than that of legacy NR UE. An enhancement of frequency hopping, such as frequency hopping between BWPs, can be used for RedCap UE to achieve additional hopping gain. This scheme is more suitable to PDSCH, PUSCH, PUCCH, PDCCH, Msg2/3/4.
DMRS enhancement

For RedCap UE, additional DMRS for a physical channel can be introduced to enhance the channel estimation performance, and then the transmission performance of the corresponding physical channel can be improved. In addition, cross-slot channel estimation among multiple repetitions can also be considered for a better channel estimation. These schemes are more suitable to PDSCH, PUSCH, Msg2/3/4.
Larger aggregation level for CORESET

In order to compensate the coverage reduction caused by reduced capability of the RedCap UE, introducing larger aggregation level, such as AL=24 or more, to enhance the transmission performance of PDCCH can be considered. A new CCE-to-REG mapping may need to be introduced for the larger AL in the corresponding specifications.

Compact DCI
In Rel-16 URLLC, DCI format 0_2/1_2 is introduced which can be used for reliability improvement by configuring 10~16 bits size reduction compared with fallback DCI. According to the evaluation in [2], about 1dB gain can be achieved for AL=16 at 1e-5 or 1e-6 target BLER. We find similar observation in our contribution [3] at 1e-2 target BLER. Thus, compact DCI which has been already proved beneficial for unicast PDCCH in Rel-16 can be considered for the coverage recovery of PDCCH for RedCap UE.
List of possible coverage recovery schemes of physical channels are summarized in Table 4-1.
Table 4-1：Possible coverage recovery features of physical channels and signals for RedCap

	  Channels/Signals

Solutions 
	SSB
	PDSCH
	PDCCH
	PUSCH
	PUCCH
	PDCCH carrying SIB message
	Msg 1
	Msg2/4
	PDCCH scheduling Msg 2/4
	Msg3

	Larger Aggregation Factor
	
	√
	√
	√
	√
	
	
	
	
	

	Repetitions
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√

	Frequency hopping enhancement
	
	√
	√
	√
	√
	
	
	√
	
	√

	DMRS enhancement
	
	√
	
	√
	
	
	
	√
	
	√

	Larger Aggregation Level for CORESET
	
	
	√
	
	
	√
	
	
	√
	

	Compact DCI
	
	
	√
	
	
	√
	
	
	√
	


Proposal 5: For RedCap, study the candidate coverage recovery schemes include at least the followings:
Larger aggregation factor
Repetitions
Frequency hopping enhancement
DMRS enhancement

Larger Aggregation Level for CORESET

Compact DCI
Conclusions

In this contribution, we have the following observations and proposals.

Observation 1: For Option 1, it would be difficult to get a suitable absolute target MCL/MIL/MPL value for coverage bottleneck(s) identification.
Observation 2: For Option 3, if a Rel-17 NR coverage enhancement UE is chosen as the reference UE, an additional margin should be added on top of the target performance determined by the link budget calculation for Rel-15/16 UE.
Observation 3: In urban scenario at 2.6 GHz, the bottleneck channel of legacy NR UE is PUSCH with MIL= 142.38 dB.
Observation 4: In urban scenario at 2.6 GHz, only PUSCH of RedCap needs coverage recovery if the coverage recovery target for RedCap UE is to achieve the same coverage as legacy NR UE. 

Observation 5: In urban scenario at 2.6 GHz, PDCCH scheduling Msg2/4 and PUSCH of RedCap need coverage recovery if the coverage recovery target for RedCap UE is to achieve the same coverage as Rel-17 NR coverage enhancement UE. 

Observation 6: In urban scenario at 4GHz, the bottleneck channel of legacy NR UE is PUSCH with MIL= 143.02 dB.
Observation 7: In urban scenario at 4GHz, PDCCH scheduling Msg2/4, Msg2, Msg4, PUSCH and Msg3 of RedCap UE need coverage recovery if the coverage recovery target for RedCap UE is to achieve the same coverage as legacy NR UE. 
Observation 8: In urban scenario at 4GHz, PDCCH scheduling Msg2/4, Msg2, Msg4 and PUSCH of RedCap UE need coverage recovery, if the coverage recovery target for RedCap UE is to achieve the same coverage as Rel-17 NR coverage enhancement UE.

Observation 9: In rural scenario at 0.7GHz, the bottleneck channel of legacy NR UE is Msg3 with MIL= 143.21 dB.
Observation 10: In rural scenario at 0.7GHz, PUSCH and Msg3 of RedCap UE need coverage recovery if the coverage recovery target for RedCap UE is to achieve the same coverage as legacy NR UE. 
Observation 11: In rural scenario at 0.7 GHz, PDCCH scheduling Msg2/4, Msg2, Msg4, PUCCH format 3 with 11bits or 22bits, PUSCH and Msg3 of RedCap UE need coverage recovery if the coverage recovery target for RedCap UE is to achieve the same coverage as Rel-17 NR coverage enhancement UE. 
Observation 12: In indoor scenario 28GHz, the bottleneck channel of legacy NR UE is PUSCH with MIL= 134.35 dB.
Observation 13: In indoor scenario 28GHz, PDSCH and Msg2 of RedCap UE need coverage recovery if the coverage recovery target for RedCap UE is to achieve the same coverage as legacy NR UE. 

Observation 14: In indoor scenario at 28GHz, PDCCH, PDCCH scheduling Msg2/4, PDSCH, Msg2, Msg4 of RedCap need coverage recovery if the coverage recovery target for RedCap UE is to achieve the same coverage as Rel-17 NR coverage enhancement UE. 
Proposal 1: Option3 is adopted for the target performance requirement for RedCap UEs. 
Proposal 2: For coverage recovery of RedCap UE, MIL is used as the performance metric for coverage bottleneck(s) identification.
Proposal 3: If the coverage recovery target for RedCap UE is to achieve the same coverage as legacy NR UE, the channel(s) of RedCap UE for coverage recovery include PDSCH, PDCCH scheduling Msg2/4, Msg2, Msg4, PUSCH and Msg3. 
Proposal 4: If the coverage recovery target for RedCap UE is to achieve the same coverage as Rel-17 NR coverage enhancement UE with a target of 6 dB, the channel(s) of RedCap for coverage recovery include PDSCH, PDCCH, PDCCH scheduling Msg2/4, Msg2, Msg4, PUSCH, PUCCH format 3 with 11bits, PUCCH format 3 with 22bits and Msg3.
Proposal 5: For RedCap, study the candidate coverage recovery schemes include at least the followings:
Larger aggregation factor
Repetitions
Frequency hopping enhancement
DMRS enhancement

Larger Aggregation Level for CORESET

Compact DCI
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Appendix A：LLS simulation assumptions
A.1 For PDSCH 
Table A-1: PDSCH general LLS assumptions for NR and RedCap
	Parameter
	Value

	Scenario
	Urban
	Urban
	Rural
	Indoor

	Duplex and Frequency
	2.6 GHz (TDD), FR1
	4 GHz (TDD), FR1
	700MHz (FDD), FR1
	28 GHz (TDD), FR2

	Frame structure for TDD
	DDDDDDDSUU 

(S: 6D:4G:4U)
	DDDSUDDSUU

 (S: 10D:2G:2U)
	
	DDDSU

(S: 10D:2G:2U)

	UE speed
	3 km/h
	3 km/h
	3 km/h
	3 km/h

	System bandwidth
	20MHz for RedCap

100MHz for NR
	20MHz for RedCap

100MHz for NR
	20MHz for RedCap

20MHz for NR
	100MHz for RedCap

100MHz for NR

	Number of BS antennas
	4Tx
	4Tx
	2Tx
	2Tx

	Number of UE antennas
	1Rx for RedCap

4Rx for NR
	1Rx for RedCap

4Rx for NR
	1Rx for RedCap

2Rx for NR
	1Rx for RedCap

2Rx for NR

	Subcarrier spacing
	30KHz
	30KHz
	15kHz
	120kHz

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

	PDSCH duration
	12 OFDM Symbols
	12 OFDM Symbols
	12 OFDM Symbols
	12 OFDM Symbols

	DMRS configuration for PDSCH
	Type I,

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

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

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

2 DMRS symbol, no multiplexing with data.

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

	UE antenna correlation
	Low
	Low
	Low
	Low

	Delay spread
	300 ns
	300 ns
	300 ns
	30 ns

	Channel estimation
	Practical

	Receiver type
	MMSE

	BLER target
	10% iBLER

	Transmission scheme
	1-port precoder cycling; PRB bundle size=2

	Scaling factor TDL
	0.70, [see Note 1]
	0.50
	1.00
	0.60


Note 1: For TDD, a scaling factor TDL is applied to account for the impact of DL duty cycle. Take configuration 'DDDDDDDSUU' for instance, only TDL=70% time is available for PDSCH transmission w/o considering the uplink symbols in 'S' slot. So the actual data rate = estimated data rate * TDL, where the estimated data rate is calculated based on the number of RB, MCS index configured in Table A-2 and Table A-3. 
Table A-2:  PDSCH MCS/PRB assumptions for NR
	NR, PDSCH

	Simulation scenarios
	Number

 of RB
	MCS Index
	Modulation Order
	Target code Rate R x 1024

	Spectral

Efficiency(bps/Hz)
	Layer Number
	Actual data

 rate(Mbps)

	Urban 2.6GHz
	216
	1
	2
	157
	0.3066
	1
	10.015

	Urban 4GHz
	246
	2
	2
	193
	0.3066
	1
	10.015

	Rural
	31
	1
	2
	157
	0.3066
	1
	1.027

	Indoor
	56
	5
	2
	379
	0.7402
	1
	25.071


Table A-3: PDSCH MCS/PRB assumptions for RedCap
	RedCap, PDSCH

	Simulation scenarios
	Number

 of RB
	MCS Index
	Modulation Order
	Target code Rate R x 1024

	Spectral

Efficiency(bps/Hz)
	Layer Number
	Actual data

 rate(Mbps)

	Urban 2.6GHz
	44
	1
	2
	157
	0.3066
	1
	2.040

	Urban 4GHz
	61
	1
	2
	157
	0.3066
	1
	2.020

	Rural
	31
	1
	2
	157
	0.3066
	1
	1.027

	Indoor
	56
	5
	2
	379
	0.7402
	1
	25.071


A.2 For Msg2
The basic LLS assumptions of Msg4 is the same as PDSCH listed in A.1. TBS for Msg4 is assumed to be 9bytes and the PRB/MCS configuration is listed in Table A-4.
Table A-4:  Msg4 MCS/PRB assumptions for NR and RedCap
	NR/RedCap, PDSCH

	Simulation scenarios
	Number

 of RB
	MCS Index
	Modulation Order
	Target code Rate R x 1024

	Spectral

Efficiency(bps/Hz)
	Layer Number

	Urban 2.6GHz
	3
	0
	2
	120
	0.2344
	1

	Urban 4GHz
	3
	0
	2
	120
	0.2344
	1

	Rural
	3
	0
	2
	120
	0.2344
	1

	Indoor
	3
	0
	2
	120
	0.2344
	1


A.3 For Msg4
The basic LLS assumptions of Msg4 is the same as PDSCH listed in A.1. TBS for Msg4 is assumed to be 1040bits and the PRB/MCS configuration is listed in Table A-4.
Table A-5:  Msg4 MCS/PRB assumptions for NR and RedCap
	NR/RedCap, PDSCH

	Simulation scenarios
	Number

 of RB
	MCS Index
	Modulation Order
	Target code Rate R x 1024

	Spectral

Efficiency(bps/Hz)
	Layer Number

	Urban 2.6GHz
	37
	0
	2
	120
	0.2344
	1

	Urban 4GHz
	37
	0
	2
	120
	0.2344
	1

	Rural
	37
	0
	2
	120
	0.2344
	1

	Indoor
	37
	0
	2
	120
	0.2344
	1


A.4 For PDCCH 
Table A-6: PDCCH LLS assumptions for NR and RedCap

	Parameter
	Value
	
	

	Scenario
	Urban
	Urban
	Rural
	Indoor

	DCI payload (excluding 24bits CRC)
	40 bits

	Duplex and Frequency
	2.6 GHz (TDD), FR1
	4 GHz (TDD), FR1
	700MHz (FDD), FR1
	28 GHz (TDD), FR2

	Frame structure for TDD
	DDDDDDDSUU 

(S: 6D:4G:4U)
	DDDSUDDSUU

 (S: 10D:2G:2U)
	
	DDDSU

(S: 10D:2G:2U)

	UE speed
	3 km/h
	3 km/h
	3 km/h
	3 km/h

	System bandwidth
	20MHz
	20MHz
	20MHz
	100MHz

	Number of BS antennas
	4Tx
	4Tx
	2Tx
	2Tx

	Number of UE antennas
	1Rx for RedCap;
4Rx for NR
	1Rx for RedCap;
4Rx for NR
	1Rx for RedCap;

2Rx for NR
	1Rx for RedCap
2Rx for NR

	Subcarrier spacing
	30KHz
	30KHz
	15kHz
	120kHz

	Number of symbols for CORESET
	2

	Number of PRBs for CORESET
	48

	Transmission type
	Interleaved (R=2)

	REG bundling size
	6

	Aggregation level
	16

	Modulation
	QPSK

	Channel coding
	Polar code

	Transmission scheme
	1-port precoder cycling

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

	UE antenna correlation
	Low
	Low
	Low
	Low

	Delay spread
	300 ns
	300 ns
	300 ns
	30 ns

	Channel estimation
	Practical

	Receiver type
	MMSE

	BLER target
	1%


A.5 For PUSCH 
Table A-7: PUSCH general LLS assumptions for NR and RedCap
	Parameter
	Value
	
	

	Scenario
	Urban
	Urban
	Rural
	Indoor

	Duplex and Frequency
	2.6 GHz (TDD), FR1
	4 GHz (TDD), FR1
	700MHz (FDD), FR1
	28 GHz (TDD), FR2

	Frame structure for TDD
	DDDDDDDSUU 

(S: 6D:4G:4U)
	DDDSUDDSUU

 (S: 10D:2G:2U)
	
	DDDSU

(S: 10D:2G:2U)

	UE speed
	3 km/h
	3 km/h
	3 km/h
	3 km/h

	System bandwidth
	20MHz
	20MHz
	20MHz
	100MHz

	Number of BS antennas
	4Rx
	4Rx
	2Rx
	2Rx

	Number of UE antennas
	1Tx
	1Tx
	1T x
	1Tx

	Subcarrier spacing
	30KHz
	30KHz
	15kHz
	120kHz

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

	PDSCH duration
	14 OFDM Symbols
	14 OFDM Symbols
	14 OFDM Symbols
	14 OFDM Symbols

	DMRS configuration for PDSCH
	Type I,

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

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

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

2 DMRS symbol, no multiplexing with data.

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

	UE antenna correlation
	Low
	Low
	Low
	Low

	Delay spread
	300 ns
	300 ns
	300 ns
	30 ns

	Channel estimation
	Practical

	Receiver type
	MMSE

	BLER target
	10% iBLER

	Transmission scheme
	1-port precoder cycling; PRB bundle size=2

	Frequency Hopping
	w/o
	w/o
	w/o
	w/o

	Scaling factor TDL
	0.20, [see Note 2]
	0.30
	1.00
	0.20


Note 2: For TDD, a scaling factor TUL is applied to account for the impact of UL duty cycle. Take configuration 'DDDDDDDSUU' and ‘S’ with 6D:4G:4U for instance, only TUL=20% time is available for PUSCH transmission with considering the uplink symbols in 'S' slot. So the actual data rate = estimated data rate * TUL, where the estimated data rate is calculated based on the number of RB, MCS index configured in Table A-8. 

Table A-8: PUSCH MCS/PRB assumptions for NR and RedCap
	NR/RedCap, PUSCH

	Simulation scenarios
	Number

 of RB
	MCS Index
	Modulation Order
	Target code Rate R x 1024

	Spectral

Efficiency(bps/Hz)
	Layer Number
	Actual data

 rate(Mbps)

	Urban 2.6GHz
	33
	4
	2
	308
	0.6016
	1
	1.029

	Urban 4GHz
	35
	2
	2
	193
	0.6016
	1
	1.026

	Rural
	4
	0
	2
	120
	0.2344
	1
	0.122

	Indoor
	30
	5
	2
	379
	0.7402
	1
	5.848


A.6 For Msg3
The basic LLS assumptions of Msg3 is the same as PUSCH listed in A.4, and the PRB/MCS configuration is listed in Table A-9.
Table A-9:  Msg4 MCS/PRB assumptions for NR and RedCap
	NR/RedCap, Msg3 with 56 bits

	Simulation scenarios
	Number

 of RB
	MCS Index
	Modulation Order
	Target code Rate R x 1024

	Spectral

Efficiency(bps/Hz)
	Layer Number

	Urban 2.6GHz
	2
	0
	2
	120
	0.2344
	1

	Urban 4GHz
	2
	0
	2
	120
	0.2344
	1

	Rural
	2
	0
	2
	120
	0.2344
	1

	Indoor
	2
	0
	2
	120
	0.2344
	1


A.7 For PUCCH 
Table A-10: PUCCH LLS assumptions for NR and RedCap.
	Parameters
	Values
	

	Scenario
	Urban
	Urban
	Rural
	Indoor 

	Duplex and Frequency
	2.6 GHz (TDD), FR1
	4 GHz (TDD), FR1
	700MHz (FDD), FR1
	28 GHz (TDD), FR2

	Frame structure for TDD
	DDDDDDDSUU 

(S: 6D:4G:4U)
	DDDSUDDSUU

 (S: 10D:2G:2U)
	
	DDDSU

(S: 10D:2G:2U)

	System bandwidth
	20MHz
	20MHz
	20MHz
	100MHz

	Subcarrier spacing
	30kHz
	30kHz
	15kHz 
	120KHz

	Channel model for link-level simulation
	TDL-C 
	TDL-C 
	TDL-C
	TDL-A

	Pathloss model (select from LoS or NLoS)
	NLos
	NLos
	NLos
	NLos

	Delay Spread
	300ns
	300ns
	300ns
	30ns

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

	Number of UE antennas
	1 Tx
	1 Tx
	1Tx
	1Tx

	Number of BS antennas
	4 Rx
	4 Rx
	2 Rx
	2 Rx

	Format type 
	Format 1 or 3 (long PUCCH with 14 OFDM symbols), 2bits, 11bits, 22bits. 

	Occupied channel bandwidth
	1 PRBs

	Waveform
	DFT-s-OFDM

	Frequency hopping
	Intra PUCCH frequency hopping at BW edge

	DMRS overhead
	No additional DMRS for PUCCH format 3

	Channel estimation
	Practical

	Receiver type
	MMSE

	BLER Target 
	DTX to ACK probability: 1% ; NACK to ACK probability: 0.1%; ACK missed detection probability: 1%; and CSI block error probability: 1%


Appendix B：Required SNR
In this section, LLS simulation results of required SNR for PDSCH / Msg2 / Msg4 / PDCCH / PUSCH / Msg3 / PUCCH under scenarios of Urban/Rural/Indoor are given.
PDSCH

LLS assumptions of PDSCH for legacy NR and RedCap are listed in A.1. The LLS results of required SNR are listed in Table B-1.
Table B-1: Simulation results of required SNR for PDSCH
	Scenarios
	Required SNR(dB)

	
	NR
	RedCap

	Urban (2.6GHz)
	-11.78 (4T4R)
	-7.9 (4T1R)

	Urban (4GHz)
	-10.43 (4T4R)
	-7.76 (4T1R)

	Rural (700MHz)
	-7.19 (2T2R)
	-2.57 (2T1R)

	Indoor (28GHz)
	-1.9 (2T2R)
	3.45 (2T1R)


Msg2
LLS assumptions of Msg4 for legacy NR and RedCap are listed in A.2. The LLS result of required SNR are listed in Table B-2.
Table B-2: Simulation results of required SNR for Msg4

	Scenarios
	Required SNR(dB)

	
	NR
	RedCap

	Urban (2.6GHz)
	-12.23(4T4R)
	-8.52 (4T1R)

	Urban (4GHz)
	-11.87(4T4R)
	-8.24 (4T1R)

	Rural (700MHz)
	-7.95(2T2R)
	-3.05(2T1R)

	Indoor (28GHz)
	-7.06 (2T2R)
	-2.23 (2T1R)


Msg4
LLS assumptions of Msg4 for legacy NR and RedCap are listed in A.3. The LLS result of required SNR are listed in Table B-3.
Table B-3: Simulation results of required SNR for Msg4

	Scenarios
	Required SNR(dB)

	
	NR
	RedCap

	Urban (2.6GHz)
	-12.54 (4T4R)
	-8.98 (4T1R)

	Urban (4GHz)
	-12.13 (4T4R)
	-8.46 (4T1R)

	Rural (700MHz)
	-8.25 (2T2R)
	-3.21 (2T1R)

	Indoor (28GHz)
	-7.35 (2T2R)
	-2.76 (2T1R)


PDCCH
LLS assumptions of PDCCH for legacy NR and RedCap are listed in A.4. The LLS result of required SNR are listed in Table B-4.
Table B-4: Simulation results of required SNR for PDCCH

	Scenarios
	Required SNR(dB)

	
	NR
	RedCap

	Urban (2.6GHz)
	-11.55 (4T4R)
	-5.39 (4T1R)

	Urban (4GHz)
	-11.36 (4T4R)
	-5.13 (4T1R)

	Rural (700MHz)
	-8.35dB (2T2R)
	-4.81 (2T1R)

	Indoor (28GHz)
	-7.92dB (2T2R)
	-4.54dB (2T1R)


PUSCH
LLS assumptions of PUSCH for legacy NR and RedCap are listed in A.5. The LLS result of required SNR are listed in Table B-5.

Table B-5:Simulation results of required SNR for PUSCH

	Scenarios
	Required SNR(dB)

	
	NR
	RedCap

	Urban (2.6GHz)
	-4.85 (1T4R)
	-4.85 (1T4R)

	Urban (4GHz)
	-6.16 (1T4R)
	-6.16 (1T4R)

	Rural (700MHz)
	-2.98 (1T2R)
	-2.98 (1T2R)

	Indoor (28GHz)
	4.91(1T2R)
	4.91(1T2R)


Msg3
LLS assumptions of Msg3 for legacy NR and RedCap are listed in A.6. The LLS result of required SNR are listed in Table B-6.

Table B-6:Simulation results of required SNR for Msg3
	Scenarios
	Required SNR(dB)

	
	NR
	RedCap

	Urban (2.6GHz)
	-7.21(1T4R)
	-7.21(1T4R)

	Urban (4GHz)
	-7.04(1T4R)
	-7.04(1T4R)

	Rural (700MHz)
	-3.29(1T2R)
	-3.29(1T2R)

	Indoor (28GHz)
	-2.01(1T2R)
	-2.01(1T2R)


PUCCH
LLS assumptions of PUCCH for legacy NR and RedCap are listed in A.7. The LLS result of required SINR are listed in Table B-7.

Table B-7:Simulation results of required SNR for PUCCH
	Scenarios
	Required SNR(dB)

	
	NR


	RedCap



	Urban (2.6GHz)
	PUCCH format 1,

2bits
	-10.34 (1T4R) 
	-10.34 (1T4R) 

	
	PUCCH format 3,

 11bit
	-8.6  (1T4R) 
	-8.6  (1T4R) 

	
	PUCCH format 3,

 22bit
	-6.08 (1T4R) 
	-6.08 (1T4R) 

	Urban (4GHz)
	PUCCH format 1,

2bits
	-10.3 (1T4R) 
	-10.3 (1T4R) 

	
	PUCCH format 3,

 11bit
	-8.57  (1T4R) 
	-8.57  (1T4R) 

	
	PUCCH format 3,

 22bit
	-6.05  (1T4R) 
	-6.05  (1T4R) 

	Rural (700MHz)
	PUCCH format 1,

 2bits
	-6.02 (1T2R) 
	-6.02 (1T2R) 

	
	PUCCH format 3,

 11bit
	-3.97 (1T2R) 
	-3.97 (1T2R) 

	
	PUCCH format 3,

 22bit
	-1.26(1T2R) 
	-1.26(1T2R) 

	Indoor (28GHz)
	PUCCH format 1,

 2bits
	-3.45(1T2R) 
	-3.45(1T2R) 

	
	PUCCH format 3,

 11bit
	0.90(1T2R) 
	0.90(1T2R) 

	
	PUCCH format 3,

 22bit
	1.71(1T2R) 
	1.71(1T2R) 


