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1 Introduction
In SID [1], the following techniques will be studied for UE complexity reduction:

Identify and study potential UE complexity reduction features, including [RAN1, RAN2]: 

· Reduced number of UE RX/TX antennas

· UE Bandwidth reduction 

Note: Rel-15 SSB bandwidth should be reused and L1 changes minimized 

· Half-Duplex-FDD 

· Relaxed UE processing time 

· Relaxed UE processing capability 

Note1: The work defined above should not overlap with LPWA use cases. The lowest capability considered should be no less than an LTE Category 1bis modem.

Some of the above techniques for UE complexity reduction will have impacts on coverage. Therefore, in SID [1], there is another objective to recover the reduced coverage due to the device complexity reduction:
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. 
This contribution will discuss evaluation methodology for coverage recovery and potential techniques for coverage recovery. 
2 Coverage analysis
2.1 Evaluation methodology

In NR Rel-15, there was a simulation campaign for link budget analysis under IMT-2020 self-evaluations where simulation results with various evaluation configurations and parameters mainly for FR1 are captured in TR37.910 [2]. For Rel-17 RedCap SI [1], similar evaluation methodologies for link budget analysis in the IMT-2020 self-evaluations can be considered to analyze the coverage impacts due to potential UE complexity reduction schemes such as reduced number of UE RX/TX antennas, UE bandwidth reduction, etc.  In addition, for coverage analysis for FR2, the evaluation assumptions for FR2 during NR SI (e.g., TR38.802) can be considered as a baseline. 
In Rel-17, a SI on NR coverage enhancement (NR CovEnh) [3] is kicked off in RAN 1 and then, same methodology for coverage analysis in IMT-2020 self-evaluations is proposed in our companion papers [4, 5]. Similarly, most simulation parameters and methodology for coverage analysis in NR_CovEnh SI can be reused in the RedCap SI to reduce duplicated work in RAN 1. Some RedCap-specific parameters, such as occupied channel bandwidth, number of Rx/Tx antennas, transmission bit rate and the carrier frequency, can be further studied based on the output of cost reduction discussion. Initial discussions on evaluation methodology for NR_CovEnh SI can be found in [4, 5] as well as in Table 2~5 in Appendix.
Proposal 1: Consider to reuse the evaluation methodology in TR37.910 and take the simulation assumptions in TR37.910 (for FR1) and TR38.802 (for FR2) as a starting point for coverage analysis in RedCap SI.
2.2 Target for coverage recovery
Performance results in the IMT-2020 self-evaluations and our simulation results (for Urban in Table 2) are provided for both DL and UL coverage estimation in Figure 1 and Figure 2, respectively. In both figures, DL bandwidth is 20MHz and the number of RX antennas is 4. 
As shown in Figure 1 and 2, for FR 1, PUSCH coverage is the bottleneck and UL coverage is worse than DL coverage in general. When techniques for UE complexity reductions such as BW reduction, reduced number of RX antennas, etc. are introduced for RedCap UEs, it may be expected that DL coverage for the RedCap UEs would be reduced compared to the eMBB UE coverage. Regarding the BW reduction, the occupied DL channel bandwidth in the IMT-2020 self-evaluations is 10MHz for FDD and 20MHz for TDD. That is, as long as reduced BW of RedCap UEs is no less than these values, no coverage reduction may be expected compared with the current evaluation. On the other hand, if the number of RX antenna is reduced from 4 to 2 or 1 for the RedCap UEs, then PDSCH or PDCCH path loss in Figure 1 and 2 is expected to be reduced by about 3 ~ 6 dB. 

Some initial link level evaluation results for PDCCH with different numbers of RX antennas and different CCE ALs are provided in Figure 3. The simulation assumptions are given in Table 1. According to the simulation results in Figure 3, the performance loss is ~6 - 10dB when the number of Rx antennas is reduced from 4 to 1, and ~3 - 6dB when the number of Rx antennas is reduced from 4 to 2.
For DL common signals/channels such as PSS/SSS/PBCH, the coverage will also be reduced with a single antenna. However, if there is no requirement for latency of initial access, “keep trying” can be used to achieve the target BLER. For example, twice detection of PBCH can reduce the BLER from 10% to 1% (e.g., BLER=1-(1-10%)-10%*(1-10%)). “Keep trying” was assumed for eMTC coverage evaluation for DL common channel, which can be also considered for the RedCap UEs. 
Observation 1: DL coverage is expected to be reduced when the number of RX antennas is reduced to 2 or 1. 
For UL coverage, based on the study in LTE, occupied more UL bandwidth will not increase UL coverage but may bring in negative impacts in some cases. For example, with limited max Tx power, larger occupied bandwidth leads to a low working SINR which may lead to poor channel estimation. Therefore, UL coverage is not expected to be impacted much with cost reduction techniques such as reduced number of Tx antennas or bandwidth reduction. On the other hand, NR_CovEnh SI [3] will study and may specify some enhancements for UL coverage. Therefore, there is little need to focus on UL coverage in RedCap SI. 
Based on the analysis above, DL coverage may need to be studied for recovery. However, there is no need to recover all the coverage loss caused by the cost reduction techniques compared to the coverage of each channel of eMBB UE. It is enough to recover the coverage compared with current NR coverage in general. Considering the potential enhancements in NR_CovEnh SI [3] for eMBB UEs, it is better to align the coverage target with a discussion in NR_CovEnh SI, so that a general NW can be used to support both RedCap and eMBB UEs with a same deployment. Further discussion may be needed whether the coverage target is for Rel-16 eMBB UEs without the coverage enhancements or for Rel-17 eMBB UEs with the coverage enhancements.
Proposal 2: Study the target for coverage recovery considering the discussions in the NR_CovEnh SI.
Proposal 3: Study DL coverage loss when complexity reduction techniques are applied for RedCap UEs.
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Figure 1. DL and UL path loss in IMT-2020 self-evaluations (4GHz)
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Figure 2. DL and UL path loss by our simulation results (4GHz)
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Figure 3: Evaluation results on BLER of PDCCH 

3 Potential techniques for coverage recovery

3.1 PDCCH enhancements
The straightforward solutions for coverage recovery of PDCCH are compact DCI, larger aggregation levels or repetitions of PDCCH. However, both larger aggregation levels or PDCCH repetition will result in low spectral efficiency. For a RedCap use case, the TB size in PDSCH/PUSCH  may not be too large considering the potential cost reduction on HARQ buffer size and the typical bit rate of the target use cases in [1]. PDCCH overhead reduction needs to be considered when design schemes for coverage recovery of PDCCH. Similar as LTE MTC, link adaptation on PDCCH can be considered to improve coverage of PDCCH with SE gain. 
Besides the benefit of coverage recovery, PDCCH link adaptation is also needed to reduce blocking and enable operation for RedCap UEs. Considering that RedCap UEs will not support large BW, e.g., 10 MHz, and the number of Rx antennas is reduced, if a 8-16 CCE AL is needed (equivalent to 2-4 CCE AL for 4 Rx antennas due to the ~7 dB loss for 1 Rx antenna), only ~2 UEs can be scheduled as a CORESET of 3 symbols over 10 MHz (50 RBs) provides 150 RBs and one CCE corresponds to 6 RBs. Using 10 MHz over 3 symbols to schedule ~2 RedCap UEs is obviously unattractive for a NW.

Proposal 4: Study techniques for PDCCH coverage recovery with consideration on PDCCH overhead reduction. 
3.2 Traffic offloading in initial access
As analysis in section 2.2 and section 3.1, with the reduced number of RX antennas, more resources are needed for PDCCH and PDSCH. To overcome the 3-6dB coverage reduction by reducing half of receive antennas, double or four times of DL resources are required to serve same amount of UEs in a given coverage. More resources are not only for the UEs at cell edge but for all the RedCap UEs compared with normal NR eMBB/URLLC UEs. On the other hand, the bandwidth of CORESET #0 needs to be no larger than the reduced bandwidth of RedCap UEs. Therefore, the capacity of CORESET #0 may not be enough. Unless the initial BWP configured to RedCap UEs is allowed to be larger than the RF bandwidth of RedCap UEs, it is very challenging to support similar amount of UEs as for eMBB. In Rel-15, all the DL common signals and channels before RRC connection setup are transmitted in the initial BWP, such as SSB, RMSI, Paging and messages for RACH, as well as all the scheduling DCI. Therefore, the design for this new UE type needs to take the potential issues for initial access into account to avoid introducing non-backward compatible solutions in further release. Several solutions can be considered, for example, BWP switching for CORESET #0, traffic offload for PRACH and/or paging to other BWPs. 
Proposal 5: Study the congestion of CORESET #0 and initial BWP. 
4 Conclusion
This contribution discusses evaluation methodology for coverage recovery and potential techniques for coverage recovery and provides the following depending on the discussion:
Proposal 1: Consider to reuse the evaluation methodology in TR37.910 and take the simulation assumptions in TR37.910 (for FR1) and TR38.802 (for FR2) as a starting point for coverage analysis in RedCap SI.
Proposal 2: Study the target for coverage recovery considering the discussions in the NR_CovEnh SI.
Proposal 3: Study DL coverage loss when complexity reduction techniques are applied for RedCap UEs.
Proposal 4: Study techniques for PDCCH coverage recovery with consideration on PDCCH overhead reduction.

Proposal 5: Study the congestion of CORESET #0 and initial BWP. 
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6 Appendix

Table 1: Simulation assumption for link level simulation on PDCCH

	Parameters
	Value

	DCI payload (excluding 24bits CRC)
	40bits

	System bandwidth/ (CORESET BW,RBs)
	20MHz (98RBs)

	Carrier Frequency
	4GHz

	Number of symbols for CORESET
	3OS

	Subcarrier spacing
	15KHz

	Aggregation level
	4, 8, 16

	Transmission type
	Non-Interleaved

	REG bundling size
	6

	Modulation
	QPSK

	Channel coding
	Polar code (DCI)

	Channel estimation
	Real

	Channel model
	TDL-C delay 300ns

	UE speed
	3 km/h

	Number of BS antennas
	1Tx

	Number of UE antennas
	1/2/4

	Residual target BLER
	10^-2 (simulate the range BLER = 1 to 10^-3)


Table 2: General parameters for FR1 (based on IMT-2020 self-evaluations)

	Parameters
	FR1

	
	Urban
	Rural
	Rural with long distance

	System configuration
	4 GHz TDD/FDD
	4 GHz TDD/ 2GHz FDD
	700MHz FDD

	Physical channel
	DL: PDCCH, PDSCH; UL: PUCCH, PUSCH

	SCS
	30 kHz
	30 kHz / 15 kHz
	15kHz

	Channel state
	NLOS O-to-I
	NLOS O-to-I, NLOS
	LOS

	Channel model
	NLOS: TDL-C
	NLOS: TDL-C
	LOS: TDL-D

	
	DS: 300ns

	UE speed
	NLOS O-to-I: 3km/h
	NLOS: 120km/h
NLOS O-to-I: 3km/h
	LOS: 120km/h

	# of gNB Ant.
	192
	64
	64

	# of TXRUs for gNB
	2
	2
	2

	# of UE Ant.
	4(DL) / 2(UL)
	2(DL) / 1(UL)
	2(DL) / 1(UL)

	# of TxRUs for UE
	2
	2(DL) / 1 (UL)
	2(DL) / 1 (UL)



Table 3: Channel parameters for FR1 (based on IMT-2020 self-evaluations)
	Parameters
	DL control channel
	DL data channel
	UL control channel
	UL data channel
	Reference

	
	FR1
	FR1
	FR1
	FR1
	

	Transmission bit rate
(bit/s)
	DCI format 1-0/0-0; 
DCI size = 68 bit; QPSK, 
aggregation level = 16 CCE
	eMBB: 10/1 
(Urban/Rural) Mbps
VoIP: 
12.2kbps (304bits: 244 + 60 (header for RoHC compress))
	PUCCH Format 1 
w/ 14 OFDM symbols, 
UCI 2 bit
	eMBB: 1 Mbps/100kbps 
(Urban/Rural)
VoIP: 
12.2kbps (304bits: 244 + 60 (header for RoHC compress))
	· IMT-2020 self-evaluation

	Occupied
channel BW
	FDD: 10 MHz
TDD: 20 MHz
	FDD: 10 MHz
TDD: 20 MHz
	1 PRB 
	4 PRB/30 PRB (for high data rate)
	· DL: about 0.4 coding rate
· UL: about 0.3 coding rate

	Performance target
	1% BLER
	eMBB: 10% iBLER
VoIP: 2% rBLER
	1% BLER
	eMBB: 10% iBLER
VoIP: 2% rBLER
	IMT-2020 self-evaluation

	Overhead assumption   for DMRS
	DMRS:
- For 3km/h or 30km/h: Type I, one DMRS symbol, no multiplexing with data. 
- For 120km/h: Type I, 2 DMRS symbol (one front- loaded and one additional), no multiplexing data. 
	IMT-2020 self-evaluation


Table 4: General parameters for FR2 (based on TR 38.802)

	Parameters
	FR2
	Reference

	
	Urban
	Indoor
	

	System configuration
	NR 28/39 GHz TDD
	NR 28/39 GHz TDD
	n261 / n260 band

	Physical channel
	DL: PDCCH, PDSCH; UL: PUCCH, PUSCH
	Data & control channel

	Channel state
	NLOS O-to-I, NLOS
	NLOS
	

	Channel model
	NLOS: CDL-A/B
	NLOS: CDL-A/B
	TR 38.802 (related to MIMO)

	
	Delay spread: 100ns
	

	SCS
	120 kHz
	120 kHz
	

	UE speed
	NLOS: 30km/h
NLOS O-to-I: 3km/h
	NLOS: 3km/h
	

	# of gNB Ant.
	256
	64
	TR 38.802 (Antenna configuration 
in Table A.2.1-4)

	# of TXRUs for gNB
	2
	2
	

	# of UE Ant.
	4(DL) / 2(UL)
	4 (DL) / 2 (UL)
	

	# of TxRUs for UE
	2
	2
	



Table 5: Channel parameters for FR2 (based on TR 38.802)

	Parameters
	DL control channel
	DL data channel
	UL control channel
	UL data channel
	Reference

	
	FR2
	FR2
	FR2
	FR2
	

	Transmission bit rate
(bit/s)
	DCI format 1-0/0-0; 
DCI size = 68 bit; QPSK, 
aggregation level = 16 CCE
	eMBB: 
25Mbps
VoIP: 
12.2kbps
	PUCCH Format 1 
w/ 14 OFDM symbols, 
UCI 2 bit
	eMBB: 
5Mbps
VoIP: 
12.2kbps
	· IMT-2020 self-evaluation

	Occupied
channel BW
	50 MHz
	50 MHz
	1 PRB 
	4 PRB/30 PRB (for high data rate)
	· DL: about 0.4 coding rate
· UL: about 0.3 coding rate

	Performance target
	1% BLER
	eMBB: 10% iBLER
VoIP: 2% rBLER
	1% BLER
	eMBB: 10% iBLER
VoIP: 2% rBLER
	IMT-2020 self-evaluation

	Overhead     assumption   for DMRS
	DMRS:
- For 3km/h or 30km/h: Type I, one DMRS symbol, no multiplexing with data. 
- For 120km/h: Type I, 2 DMRS symbol (one front- loaded and one additional), no multiplexing data. 
	IMT-2020 self-evaluation


