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[bookmark: _Ref7476982]Introduction 
At RAN plenary meeting #86, a study item (SI) for the support of reduced capability NR devices was agreed, the following objective was one of those identified for the SI [1]. 

[bookmark: _GoBack]Study functionality that will enable the performance degradation of such complexity reduction to be mitigated or limited, including [RAN1]:
· Coverage recovery to compensate for potential coverage reduction due to the device complexity reduction. 
· Note: For FR1, coverage analysis for wearables can include consideration of potential reduced antenna efficiency due to device size limitations as part of the antenna gains. The extent of additional recovery of coverage loss due to reduced antenna efficiency is to be limited to 3 dB
· The study includes evaluations of the impact to network capacity and spectral efficiency
Note2: Potential overlap with coverage enhancements study is discussed and resolved in RAN#87.

In RAN1#101-e meeting, the basic characteristics of RedCap UE and some evaluation assumptions were agreed. 

Agreements: 
· For FR1, study at least 20MHz maximum UE bandwidth at least for initial access
· Other bandwidths FFS
· For FR2, study 50MHz and 100 MHz maximum UE bandwidth at least for initial access 
· Other bandwidths FFS
Agreements:
· Cost/complexity breakdowns can be separate for FR1 and FR2 if found beneficial.
· For FR1, study two antenna configurations for RedCap UEs, namely 1Rx/1Tx and 2Rx/1Tx.
· For FR2, study two antenna configurations for RedCap UEs, namely 1Rx/1Tx and 2Rx/1Tx.
· Study HD-FDD operation Type A and Type B (as defined in LTE) in RAN1, where study of Type A is prioritized.

	Agreements Replace the agreement corresponding to Proposal 14 with the following: For evaluation of UE power saving, for wearables, use the traffic models FTP model 3 and VoIP from TR 38.840 to characterize the wearables service types including IM, VoIP, heartbeat, etc. with proper modification of at least packet size and mean inter-arrival time. Values are FFS.

	Agreements Replace the agreement corresponding to Proposal 15 with the following: For evaluation of UE power saving, for industrial wireless sensor use cases, use a traffic model based on the service performance requirements for the process monitoring use case in TS 22.104 Table 5.2-2. At least 64 bytes UL message (plus headers, e.g. MAC, RLC, etc.) transmitted periodically with a periodicity [100 ms] should be considered (other values are not precluded encouraged).

	Agreements:
   If/when coverage evaluations outside the CE SI are needed,
   The basic evaluation methodology is based on link-level simulation for FR1.
       Step 1: Obtain the required SINR for the physical channels under target scenarios and service/reliability requirements.
       Step 2: Obtain the baseline performance based on required SINR and link budget template.
       Note: aspects related to identifying target performance and coverage bottlenecks based on target performance metric is to be handled separately
   The evaluation methodology based on system-level simulation is optional for FR1.
       Note: The simulation assumptions for SLS are up to companies’ reports.
  The evaluation methodology for FR2 is the same as FR1.



Agreements: The reference NR device for evaluation of cost/complexity reduction supports the following:
· All mandatory Rel-15 features (with or without capability signaling)
· Single RAT
· Operation in a single band at a time
· Band and duplex mode support: 
· FR1: Operation in a single FDD band or a single TDD band at a time
· FR2: Operation in a single TDD band at a time
· Maximum bandwidth: 
· For FR1: 100 MHz for DL and UL
· For FR2: 200 MHz for DL and UL
· Antennas: 
· For FR1 FDD: 2Rx/1Tx
· For FR1 TDD: 4Rx/1Tx
· For FR2: 2Rx/1Tx
· Power class: PC3
· Processing time: Capability 1
· Modulation: 
· For FR1: support 256QAM for DL and 64QAM for UL
· For FR2: support 64QAM for DL and 64QAM for UL
· Access: Direct DL/UL access between UE and gNB

Note: For each complexity reduction technique, the study includes whether the complexity reduction accumulates across RF bands.
Note: The study will consider impacts on the cost/complexity reduction from support of multiple RF bands within FR1 or FR2.

Agreements:
   If/when link-level coverage evaluations outside the CE SI are needed,
   The CE SI link-level simulation assumptions can be used as a starting point.
   For calibration purposes, the following settings can be used:
	Parameters
	FR1 values
	FR2 values

	Scenario and frequency
	Urban:
2.6 GHz (TDD) (primary choice)
4 GHz (TDD) (secondary choice)

Rural:
700 MHz (FDD)
	Indoor: 28 GHz (TDD)

	Frame structure for TDD
	For 2.6 GHz:
DDDDDDDSUU 
(S: 6D:4G:4U)

For 4 GHz:
DDDSUDDSUU
(S: 10D:2G:2U)
	DDDSU
(S: 10D:2G:2U)

	Channel model
	TDL-C
	TDL-A

	UE velocity
	3 km/h
	3 km/h



Agreements:
The evaluation of performance impacts includes at least peak data rate and, latency and reliability (as needed for the use cases). Other performance metrics such as power consumption, spectral efficiency and PDCCH blocking probability may also be considered if appropriate for a specific technique.

In this contribution, we provide our further views on evaluation methodology and the related evaluation assumptions for determining coverage performance for RedCap UEs. Potential techniques for coverage recovery, necessary for RedCap UEs, are also considered. 
Motivations and targets for coverage recovery 
According the identified use cases in [1], different use case has different target data rate with different requirement on reliability and latency. 
· 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).

Based on the above requirements, the range of the target data rate is quite broad. For coverage evaluations, a reasonable way would be to define several baseline data rates at edge of coverage for the evaluation to identify the whether there is an issue for a DL or UL data channel. It is desired that the selected target edge-of-coverage data rates can represent the various requirements of different use cases. On the other hand, the number of target edge-of-coverage data rates should be limited to avoid too much evaluation efforts. In addition to the downlink and uplink data channels, the link performance of the downlink and uplink control channels also need to be investigated. 

In this regard, it would be necessary for RAN1 to converge on two design targets related to coverage recovery:
1. Target coverage (i.e., the target Maximum Coupling Loss (MCL) for the RedCap UE use cases, which could be derived by a reference NR UE. 
2. MCL for each DL and UL channel at the edge of coverage for the RedCap UE use cases.

For instance, as a first step, it may be reasonable to consider the coverage offered by reference NR UE to define the target coverage or MCL, and thus, coverage recovery may involve mitigating the lost coverage performance due to the complexity reduction and relaxed requirements for RedCap UEs. Alternatively, a more aggressive aim may be to facilitate enhanced coverage performance, with target coverage similar to the studies in Coverage Enhancements SI [2]. Further, it is even possible that the exact value of target MCL is different for different use cases. However, it may be reasonable to target a common target MCL but different data rates at edge of coverage for different use cases. 

In the concurrent study item for coverage enhancement [2], the target data rate for different scenarios were already agreed in last RAN1 meeting, which could serve as the target data rate of reference NR UE. In our view, these values should be treated as average target data rate for a UE.

Agreements:
· Adopt the following target data rates for eMBB performance evaluation for FR1.
· Urban scenario: DL 10Mbps, UL 1Mbps
· Rural scenario: DL 1Mbps, UL 100kbps
· Rural with long distance scenario: DL 1Mbps, UL 100kbps, [30kbps] (optional)

Agreements:
· Adopt the following target data rates for eMBB performance evaluation for FR2.
· Indoor: DL: 25Mbps, UL:5Mbps 
· Urban: DL: 25Mbps, UL: 5Mbps
· Suburban: FFS: (DL: 1Mbps, UL: 50kbps)

As to RedCap UE, due to the reduced BW as well as other UE capabilities and considering the reference bit rates for prioritized use cases, it is reasonable to assume that the target edge-of-coverage data rates for RedCap UE can be reduced compared to those for the reference NR UE. For instance, for DL in Urban scenario, achieving 10Mbps could be an unnecessarily challenging edge-of-coverage data rate to be supported using a low MCS even with full 20MHz BW transmission. If considering only the capability of BW for a RedCap UE, the target data rate may be reduced by 4/5 since maximum BW of RedCap UE is only 1/5 of a reference NR UE. When other complexity reduction aspects, e.g. low number of Tx/Rx antennas or small form factor are also considered, the target data rate for RedCap UE could be further reduced. In summary, we assume 1Mbps could be a reasonable for the edge coverage evaluations for RedCap UE in Urban scenario for both DL and UL. Similarly, target edge-of-coverage data rate of RedCap UE for FR2 with 50 MHz max channel BW could be reduced to 10Mbps for DL, while that for a RedCap UE for FR2 with 100 Mhz max channel BW could be reduced to around 20 Mbps. An edge-of-coverage data rate of 20 Mbps should suffice for prioritized RedCap use-cases with highest reference bit rates of 50 Mbps.   

On the other hand, the agreed target data rate for other cases (Rural deployments at 700 MHz and UL data rates) are relatively low and/or within similar capabilities (at least from perspective of maximum channel BW) as for RedCap UEs. Therefore, the same target data rate as reference NR UE can be adopted for RedCap as well. By this way, it actually simplifies the performance comparison between RedCap UE and reference NR UE. However, it should be noted that target edge-of-coverage for UL in FR1 deployments could be further reconsidered for UEs with reduced antenna efficiency due to form-factor constraints.

Proposal 1: To identify the potential coverage recovery objectives for a RedCap UE, it is proposed to:
· Define a limited number of target data rates considering the prioritized use cases for RedCap UEs for downlink and uplink data channels that need to be satisfied at the edge of coverage. 
· FR1: 
· Urban: 1 Mbps DL, 1 Mbps UL
· Rural: 1 Mbps DL, 100 kbps UL
· FFS: Reduced UL rates (compared to eMBB) for UEs with reduced antenna efficiency in FR1
· FR2:
· Indoor 50 MHz UE: 10 Mbps DL,  5 Mbps UL
· Indoor 100 MHz UE: 20 Mbps DL, 5 Mbps UL
· Identify the target coverage, e.g., in terms of target MCL, that may be common or vary across different use cases
· Towards the above, consider coverage recovery for RedCap UEs to target achievable coverage for the reference NR UE
· Perform link-level and MCL analyses to determine achievable MCL for different physical channels for the different use cases
· Compare the target and achievable MCL values for the different use cases to identify one or more channels that may need enhancement. 

In the following part of section 2, we provide our views on the values of various evaluation assumptions. 
Common evaluation assumptions
Some parameters are common to all the channels to be investigated. Table 1-1 captures the common parameters for each deployment scenario. Table 1-2 includes common parameters of reference NR UE in all evaluations. Table 1-3 is for common parameters of RedCap UE in all evaluations.
Table 1-1: Common evaluation assumptions
	Parameters 
	FR1, Urban
	FR1, Urban
	FR1, Rural
	FR2, Indoor

	Carrier Frequency
	2.6 GHz (TDD)
	4 GHz (TDD)
	0.7 GHz (FDD)
	28 GHz (TDD)

	SCS
	30 kHz
	30 kHz
	15 kHz
	120 kHz

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

	# of gNB TX chains
	4
	4
	4
	2

	# of gNB RX chains
	4
	4
	4
	2

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

	UE antenna correlation
	low
	low
	low
	low

	delay spread
	300 ns
	300 ns
	300 ns
	30 ns

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



Table 1-2: Assumptions of reference NR UE
	Parameters
	FR1, Urban
	FR1, Urban
	FR1, Rural
	FR2, Indoor

	BW
	100 MHz (273 PRBs)
	100 MHz (273 PRBs)
	20 MHz (106 PRBs)
	100 MHz (66 PRBs)

	# of UE TX chains
	1
	1
	1
	1

	# of UE RX chains
	4
	4
	2
	2



Table 1-3: Assumptions of RedCap UE
	Parameters
	FR1, Urban
	FR1, Urban
	FR1, Rural
	FR2, Indoor

	BW
	20 MHz (51 PRBs)
	20 MHz (51 PRBs)
	20 MHz (106 PRBs)
	50 (32 PRBs) or 
100 MHz (66 PRBs)

	# of UE TX chains
	1
	1
	1
	1

	# of UE RX chains
	1 or 2
	1 or 2
	1 or 2
	1 or 2



The specific simulation parameters for each individual channels in the evaluations are provided below. 
PDSCH
Assuming the target data rates for reference NR UE and RedCap UE as the average data rate, the proper TBS can be determined based on the ratio of DL slots in the frame structure. The lowest applicable MCS are selected since it is the better for coverage. 
Table 2: Evaluation assumptions for PDSCH
	Parameters
	Values

	
	Reference NR UE
	RedCap UE

	waveform
	CP-OFDM

	Target data rate
	FR1: 10 Mbps (Urban), 1 Mbps (Rural)
FR2: 25 Mbps
	FR1: 1 Mbps (Urban), 1 Mbps (Rural)
FR2: 10 Mbps (50 MHz UE); 20 Mbps (100 MHz UE)

	Performance target 
	10% iBLER

	TDRA 
	12 OFDM symbols

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

	TBS
	4 GHz: 
	10248
	1128

	
	2.6 GHz: 
	7176
	1128

	
	700 MHz: 
	1032
	1032

	
	28 GHz: 
	5248
	2088 (50 MHz UE); 4232 (100 MHz UE)

	MCS
	4 GHz: 
	1
	0

	
	2.6 GHz: 
	0
	0

	
	700 MHz: 
	0
	0

	
	28 GHz: 
	4
	3

	FDRA
	4 GHz: 
	252
	36

	
	2.6 GHz: 
	232
	36

	
	700 MHz: 
	33
	33

	
	28 GHz: 
	66
	32 (50 MHz UE); 66 (100 MHz UE)

	Number of transmissions
	1 (no HARQ)

	Rx combining
	MRC

	Diversity scheme
	Precoder cycling

	PRB bundling
	2



PUSCH
Similar to PDSCH evaluation, the proper TBS can be determined based on the ratio of UL slots in the frame structure. The lowest applicable MCS are currently selected since it is likely to be better choice for coverage. However, a lower MCS results in larger number of PRBs used in UL transmission. The PSD for each subcarrier reduces since the maximum transmission power of UE is fixed. In this sense, it is a trade off between the lower MCS and reduced PSD. 
Table 3: Evaluation assumptions for PUSCH
	Parameters
	Values

	
	Reference NR UE
	RedCap UE

	waveform
	DFT-s-OFDM

	Target data rate
	FR1: 1 Mbps (Urban), 100 kbps (Rural)
FR2: 5 Mbps

	Performance target 
	10% iBLER

	TDRA 
	14 OFDM symbols

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

	TBS
	4 GHz: 
	1800
	1800

	
	2.6 GHz: 
	2792
	2792

	
	700 MHz: 
	72
	72

	
	28 GHz: 
	3496
	3496

	MCS
	4 GHz: 
	2
	2

	
	2.6 GHz: 
	3
	3

	
	700 MHz: 
	0
	0

	
	28 GHz: 
	5
	5

	FDRA
	4 GHz: 
	30
	30

	
	2.6 GHz: 
	33
	33

	
	700 MHz: 
	2
	2

	
	28 GHz: 
	30
	30

	Number of transmissions
	1 (no HARQ)

	Rx combining
	MRC


PDCCH
The evaluation assumptions for PDCCH are provided in Table 4. 
Table 4: Evaluation assumptions for PDCCH
	Parameters
	Values

	waveform
	CP-OFDM

	performance target
	1% BLER

	CORESET size
	2 symbols, 48 PRBs **

	Frequency distributed
	Yes

	Payload
	40 bits

	Number of transmissions
	1

	Rx combining
	MRC

	Diversity scheme
	Precoder cycling

	Aggregation level
	16


** Note: This CORESET configuration is not feasible for 50 MHz RedCap FR2 UEs in indoor deployments with 120 kHz SCS.
PUCCH
Regarding PUCCH, both PUCCH format 1 and 3 can be evaluated. PUCCH format 1, capable of up to 2 bits, is suitable for HARQ-ACK transmission. On the other hand, PUCCH format 3 could be mainly for CSI feedback or multiplexing HARQ-ACK and CSI. We prefer to focus on 11 or 22 bits for PUCCH format 3.  
Table 5: Evaluation assumptions for PUCCH
	Parameters
	Values

	
	PF1
	PF3

	waveform
	CP-OFDM
	DFT-S-OFDM

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

	Payload
	2 bits
	11/22 bits

	Resource allocation
	1 PRB, 14 symbols

	Number of transmissions
	1

	Rx combining
	MRC

	Frequency hopping
	Intra-slot FH



PBCH
The evaluation assumptions for PBCH are provided in Table 4. 
Table 4: Evaluation assumptions for PDCCH
	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



Proposal 2: It is proposed to agree on the tables of evaluation assumptions in section 2.1 to section 2.6
Potential enhancements for RedCap NR UEs
Though the channels that need enhancements need to be first identified based on the evaluations, it is also beneficial to have an early discussion on potential techniques that could be considered for RedCap UE. 

If there is an issue for the coverage of a channel, a straightforward way is to do repetitions in time domain, which in general could be applied to all kinds of channels. In fact, repetitions for PDSCH, PUSCH and PUCCH are already supported since NR Rel-15. Similar mechanisms were adopted for LTE MTC too. Due to the worst link performance of RedCap UE compared to a normal NR UE, it may be expected that the maximum number of supported repetitions for some physical channels may need to be increased compared to the Rel-15 maximum of 8 repetitions, e.g. 16 or more. 

Regarding PDCCH, basically two schemes could be considered to improve link performance. One scheme is to rely on use of compact DCI formats. As the DCI size is decreased, the coverage can improve using same amount of time/frequency resources. The other scheme is to do repetition in time domain. The more repetition, the more transmission power is assigned to a PDCCH, which then improves the link performance. In fact, both two schemes are extensively studied in NR eURLLC in Rel-16. Only the first scheme was specified in Rel-16. We expect similar observations may apply to RedCap UEs as well, especially based on the expectation that PDCCH may not be limiting channel for RedCap UEs. In this regard, the use of DCI formats 0_2/1_2 with appropriate adjustments should be considered as a starting point.

Slot-level repetition is supported in Rel-15. That is, a same SLIV of PDSCH or PUSCH is mapped to multiple consecutive slots. In Rel-16 eURLLC WI, the consecutive repetitions of SLIV is supported for PUSCH. However, considering the combination of latency and reliability targets for RedCap use cases, such a mechanism may be overly complicated for RedCap UEs. For example, if a nominal repetition is crossing slot boundary, an exception handling is needed in the PUSCH rate matching and resource mapping. In fact, Rel-15 also support consecutive repetitions by scheduling a SLIV of full slot to the UE. If coverage is a problem, it could be a typical choice of gNB scheduler to allocate full slot transmission and repetitions for a TB. 

One more point for consideration is semi-static configuration or dynamic indication of the number of repetitions for PDSCH or PUSCH. Rel-16 eURLLC and M-TRP already supports dynamic indication for the repetition of PUSCH and PDSCH. Thus, similar features should be considered as a starting point for indicating the numbers of repetitions dynamically to RedCap UEs.

Proposal 3: the following potential enhancements may be considered to solve the coverage issue of RedCap UE
· Larger number of repetitions could be considered for PDSCH, PUSCH, PUCCH. 
· The repetitions for PDCCH may not be necessary. Consider use of DCI formats 0_2/1_2 with appropriate adjustments as a starting point. 
· For PDSCH and PUSCH, slot aggregation should be considered as basic approach for coverage recovery. 
· Dynamic indication on the number of repetitions for PDSCH and PUSCH could be considered. 
Conclusion
In this contribution, we provide a preliminary set of simulation assumption and also provides potential techniques that could be considered for the enhancement. we make the following proposals. 
Proposal 1: To identify the potential coverage recovery objectives for a RedCap UE, it is proposed to:
· Define a limited number of target data rates considering the prioritized use cases for RedCap UEs for downlink and uplink data channels that need to be satisfied at the edge of coverage. 
· FR1: 
· Urban: 1 Mbps DL, 1 Mbps UL
· Rural: 1 Mbps DL, 100 kbps UL
· FFS: Reduced UL rates (compared to eMBB) for UEs with reduced antenna efficiency in FR1
· FR2:
· Indoor 50 MHz UE: 10 Mbps DL,  5 Mbps UL
· Indoor 100 MHz UE: 20 Mbps DL, 5 Mbps UL
· Identify the target coverage, e.g., in terms of target MCL, that may be common or vary across different use cases
· Towards the above, consider coverage recovery for RedCap UEs to target achievable coverage for the reference NR UE
· Perform link-level and MCL analyses to determine achievable MCL for different physical channels for the different use cases
· Compare the target and achievable MCL values for the different use cases to identify one or more channels that may need enhancement. 

Proposal 2: It is proposed to agree on the tables for evaluation assumptions in section 2.1 to section 2.6

Proposal 3: the following potential enhancements may be considered to solve the coverage issue of RedCap UE
· Larger number of repetitions could be considered for PDSCH, PUSCH, PUCCH. 
· The repetitions for PDCCH may not be necessary. Consider use of DCI formats 0_2/1_2 with appropriate adjustments as a starting point. 
· For PDSCH and PUSCH, slot aggregation should be considered as basic approach for coverage recovery. 
· Dynamic indication on the number of repetitions for PDSCH and PUSCH could be considered. 
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