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Discussion and decision
1 Introduction
In revised 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 

The study includes evaluations of the impact to coverage, network capacity and spectral efficiency
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. 
· 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
Regarding coverage recovery, the following agreements were made in RAN1#101-e:
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:

   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


This contribution will provide evaluation results for coverage depending on the agreed simulation assumptions and discuss potential techniques for coverage recovery. 
2 Coverage analysis
2.1 Simulation results
Simulation results for link budget are provided for both DL and UL coverage estimation in Figure 1, Figure 2 and Figure 3. Simulation assumptions can be found in Table 2~3 in Appendix. Basically, simulation parameters agreed for RedCap in RAN1#101e are used and for the other parameters not agreed in RedCap SI, simulation parameters in NR_CovEnh SI are reused. Some RedCap-specific parameters, such as occupied channel bandwidth, number of Rx antennas, transmission bit rate are considered based on the potential cost reduction schemes. 
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Figure 1. Maximum path loss for eMBB and RedCap in 2.6GHz
Observations in Figure 1
· PUSCH is bottleneck for both eMBB and RedCap. 

· No degradation for PUSCH for RedCap is observed. It should be noticed that data rate for RedCap PUSCH was kept same as for eMBB due to no cost reduction for RedCap PUSCH in terms of TX antenna. 

· 4 dB degradation for PDSCH for RedCap is due to RX ant. reduction from 4 to 1 while reducing PDSCH data rate for RedCap of 1/5 compared to eMBB case. The degradation for PDSCH is smaller than the degradation for PDCCH due to the reduced data rate for RedCap.

· Among all channels, PDCCH for RedCap is the most degraded (about 10 dB) because RX ant. is reduced from 4 to 1 and PDCCH bit size is maintained as 40 bits.
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Figure 2. Maximum path loss for eMBB and RedCap in 700MHz

Observations in Figure 2
· PUSCH is bottleneck for both eMBB and RedCap. 
· 4 dB degradation for PDSCH for RedCap is due to RX ant. reduction from 2 to 1. The degradation for PDSCH is similar to the degradation for PDCCH due to no data rate reduction for RedCap.

· The gap between DL channels and UL channels is small compared to TDD with balanced UL and DL resource.
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Figure 3. Maximum path loss for eMBB and RedCap in 28GHz
Observations in Figure 3
· Trend is similar to the case for 2.6GHz.
· PUSCH is bottleneck for both eMBB and RedCap. 

· 4 dB degradation in PDSCH for RedCap is due to RX ant. reduction from 2 to 1. 
· For FR2 28GHz, MPL values for all channels are slightly higher than for 2.6GHz and 700MHz because of only very small shadow margin and penetration loss compared to what are applied in other scenarios. Assumptions for the shadow margin and penetration loss for this scenario can be further discussed.
In summary, it can be observed that in all scenarios, PUSCH is the bottleneck channel for both eMBB and RedCap. Based on the performance of DL channels in some scenarios, there may be some room to enhance DL channels (e.g., PDCCH and PDSCH) in order for RedCap UEs to receive DL data with a similar coverage as eMBB. When a loss in antenna gain due to the small form factor for wearables is considered, for example a 3dB loss, MPL values for all channels for RedCap in all scenarios are degraded of 3dB.
Observation 1: In all scenarios, PUSCH is the bottleneck channel for both eMBB and RedCap.
Observation 2: In case of a loss of 3dB in antenna gain due to the small form factor for wearables, MPL values for all channels for RedCap in all scenarios are degraded of 3dB.
Observation 3: In some scenarios, there may be some room to enhance DL channels (e.g., PDCCH and PDSCH) in order for RedCap UEs to receive DL data with a similar coverage as eMBB.
2.2 Target for coverage recovery
As shown in Figure 1, 2 and 3, PUSCH coverage is the bottleneck and UL coverage is worse than DL coverage. When techniques for UE complexity reductions such as BW reduction, reduced number of RX antennas are introduced for RedCap UEs, it is shown that DL coverage for the RedCap UEs is reduced compared to the eMBB DL coverage. In particular, in the 2.6GHz scenario, when the number of RX antennas is reduced from 4 to 1 for the RedCap UEs and a loss in antenna gain due to a small form factor in a wearables is considered, the maximum path loss for PDCCH can be reduced by about up to 12 ~13 dB. 

For DL common signals/channels such as PSS/SSS/PBCH, the coverage will be also 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 4: DL coverage is expected to be reduced when the number of RX antennas is reduced to 1 and the antenna gain due to small form factor in a wearable is taken into account. 
For UL coverage, based on the study in LTE, a larger occupied UL bandwidth will not increase UL coverage but may bring 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 by cost reduction techniques such as bandwidth reduction. An aspect to be considered would be about 3 dB loss in antenna gain due to a small form factor in the wearable. On the other hand, NR_CovEnh SI [2] will study and may specify some enhancements for UL coverage. Therefore, there seems no need to focus on UL coverage enhancements in RedCap SI. 
Based on the analysis above, DL coverage may need to be studied for recovery in RedCap SI. 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 [2] for eMBB UEs, it is better to align the coverage target used in Redcap with what would be discussed in NR_CovEnh SI, considering that a NW will support both RedCap and eMBB UEs with a same deployment. Further discussion may be needed in RedCap on 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 1: Study the target for coverage recovery considering the discussions in the NR_CovEnh SI.
Proposal 2: Study DL coverage loss when complexity reduction techniques are applied for RedCap UEs.
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 very 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 designing 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 3: Study techniques for PDCCH coverage recovery with consideration on PDCCH overhead reduction. 
3.2 Traffic offloading in initial access
As the analysis in section 2.2 and section 3.1 shows, with the reduced number of RX antennas, more resources are needed for PDCCH and PDSCH. To recover the performance degradation by reducing number of receive antennas for a UE at given SINR, more DL resources are needed. For example, double or four times of resource can improve 3 dB BLER performance. In addition, more resources are needed, not only for the UEs at cell edge but for all the RedCap UEs compared with normal NR eMBB/URLLC UEs. Since all the common channels are transmitted within the bandwidth of CORESET 0, e.g. PDCCH for RAR/Msg3 Rx/Msg 4, Paging, SIBs, and PDSCH for RAR, paging, SIBs, Msg 4, the capacity of CORESET 0 may not be enough to serve normal NR UEs and RedCap UEs. One solution is to introduce larger initial BWP for RedCap UEs, where the bandwidth of the initial BWP is allowed to be larger than the RF bandwidth of RedCap UEs. The traffic of RedCap UEs can be freely scheduled within the whole bandwidth of the initial BWP by restricting the scheduled bandwidth and CORESET for Redcap are no more than the bandwidth of RedCap UEs. Another solution is to introduce multiple initial BWPs for RedCap for common channels, e.g., channels for RACH, paging and/or SIBs, to offload the traffic. Different initial BWPs can better support the coexistence with normal NR UEs. 
Proposal 4: Study techniques for the congestion of CORESET 0 and initial BWP. 
4 Conclusion
This contribution provides simulation results for coverage and also discusses coverage targets and potential techniques for coverage recovery and provides the following depending on the discussion:
Observation 1: In all scenarios, PUSCH is the bottleneck channel for both eMBB and RedCap.
Observation 2: In case of a loss of 3dB in antenna gain due to the small form factor for wearables, MPL values for all channels for RedCap in all scenarios are degraded of 3dB.
Observation 3: In some scenarios, there may be some rooms to enhance DL channels (e.g., PDCCH and PDSCH) in order for RedCap UEs to receive DL data with a similar coverage as eMBB.
Observation 4: DL coverage is expected to be reduced when the number of RX antennas is reduced to 1 and the antenna gain is considered due to small form factor in a wearable.
Proposal 1: Study the target for coverage recovery considering the discussions in the NR_CovEnh SI.
Proposal 2: Study DL coverage loss when complexity reduction techniques are applied for RedCap UEs.
Proposal 3: Study techniques for PDCCH coverage recovery with consideration on PDCCH overhead reduction.

Proposal 4: Study techniques for the congestion of CORESET 0 and initial BWP. 
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6 Appendix

Table 1: General parameters (based on agreements in RedCap SI and CE SI)

	Parameters
	FR1
	FR2

	
	Urban
	Rural
	Indoor

	System configuration
	2.6 GHz TDD
	700MHz FDD
	28GHz TDD

	Carrier BW
	eMBB: 100MHz
RedCap: 20MHz
	eMBB: 20MHz
RedCap: 20MHz
	eMBB: 100MHz

RedCap: 50MHz

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

	SCS
	30 kHz
	15 kHz
	120kHz

	Channel state
	NLOS O-to-I
	NLOS O-to-I
	NLOS

	Channel model
	TDL-C
	TDL-C
	TDL-A

	
	DS: 300ns
	DS: 300ns
	DS: 30ns

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

	# of gNB Ant.
	192
	16
	128

	# of TXRUs for gNB
	2
	2
	2

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

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



Table 2: Channel parameters (based on agreements in RedCap SI and CE SI)
	Parameters
	PDCCH
	PDSCH
	PUCCH
	PUSCH

	Transmission bit rate
(bit/s)
	DCI size = 40 bit; QPSK, 
aggregation level = 16 CCE(Urban/Rural), 8 CCE(Indoor)
	eMBB: 10/1/26 (Urban/Rural/Indoor) Mbps
RedCap: 2/1/13 (Urban/Rural/Indoor) Mbps
	PUCCH Format 3 
w/ 14 OFDM symbols, 
UCI 4 bit
	1/0.1/5 (Urban/Rural/Indoor) Mbps

	Occupied
PRBs
	48 PRBs
	eMBB: 90/26/44 (Urban/Rural/Indoor) PRBs
RedCap: 18/26/22 (Urban/Rural/Indoor) PRBs
	1 PRB 
	30/4/30 (Urban/Rural/Indoor)

	Performance target
	1% BLER
	10% iBLER
	1% BLER
	10% iBLER

	Overhead assumption   for DMRS
	2 DMRS symbols in a slot for data channels


