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1 Introduction
During the RAN#86 meeting, one study item was set to study the support of reduced capability NR devices. The main use cases of the reduced capability devices are industrial wireless sensors, video surveillance and wearables. The following objectives are expected be achieved during the study item

	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.

Study UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use cases (e.g. delay tolerant) [RAN2, RAN1]: 

· Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits [RAN1].

· Extended DRX for RRC Inactive and/or Idle [RAN2]

· RRM relaxation for stationary devices [RAN2]

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. 
Study standardization framework and principles for how to define and constrain such reduced capabilities – considering definition of a limited set of one or more device types and considering how to ensure those device types are only used for the intended use cases [RAN2, RAN1].

Study functionality that will allow devices with reduced capabilities to be explicitly identifiable to networks and network operators, and allow operators to restrict their access, if desired [RAN2, RAN1].

Note2: Potential overlap with coverage enhancements study is discussed and resolved in RAN#87.

Note3: Coexistence with Rel-15 and Rel-16 UE should be ensured

Note4: This SI should focus on SA mode and single connectivity




In this contribution, we firstly identify the potential capability reductions which result in the coverage loss. Then we present our preliminary simulation results and some observations are obtained based on the simulation results. At last, potential directions for the coverage recovery are listed for further study. 
2 Discussion 

2.1 Analysis of coverage
A series of schemes, such as UE bandwidth reduction, reducing the number of transmit/receive antennas are identified for the UE complexity reduction. On one hand, these schemes are effective to reduce the device cost/complexity. On the other hand, the reduction on these capabilities degrades the coverage performance. 
In our companion contribution [2], we present our consideration on reduction of the UE bandwidth and number of Tx/Rx as summarized in Table 1. 

Table 1 Summary of the UE complexity reduction

	
	UE bandwidth
	Number of Rx
	Number of Tx

	R15/16 NR UEs
	100MHz (FR1)
	4
	1

	REDCAP UEs
	20MHz(FR1)
	1 or 2
	1


In the DL, the reduction on the number of Rx would cause significant coverage loss due to less receiving power and less receiving diversity gain. Furthermore, the restriction on the UE bandwidth will also limit the frequency selective gain or frequency diversity gain, which further results in additional coverage loss compared with that of the normal NR UEs. In the UL, the coverage loss is mainly caused by limited frequency selective/ diversity gain due to UL UE bandwidth restriction. Then, it is clear that coverage problem is more critical in DL compared with that in UL. 
During the study item phase, simulation should be carried out to figure out the coverage gap between reduced capability devices and the normal NR UEs. Then, proper coverage enhancement target could be clearly set for the work item. Before the simulation, it is better to align the benchmark, simulation parameters and methodology.  In our opinion, the benchmark could be normal NR UE with 100MHz bandwidth in FR1 and 4 Rx in DL and 1 Tx in UL, which are typical settings for normal NR UEs. The evaluation methodology could refer to that in coverage enhancement project or that in MTC/NB-IoT coverage evaluation. 
Proposal 1: Simulation should be carried out to figure out the coverage gap between reduced capability devices and benchmark devices:
· Align the benchmark, evaluation parameter and evaluation methodology 

2.2 Initial simulation results
In this section, we will present some preliminary results. Considering the coverage situation in DL is more critical, we will firstly provide the evaluation results for PDCCH and PDSCH. For UE requiring coverage recovery, it is highly possible that lower modulation order or lower coding rate will be set. Thus, we will focus on the evaluation of higher aggregation levels for PDCCH and lower MCS choices for PDSCH. Furthermore, in the evaluation, we assume the UE bandwidth of reduced capability devices is 20MHz and number of Rx is 1 based on our analysis in [2]. And the benchmark is the NR UEs with 100MHz UE bandwidth and 4 Rx. Some other detailed simulation parameters are listed in appendix. 
Fig.1 shows the simulation results for PDCCH and Table 2 summarizes the required SNR when achieving the 1% BLER. It can be observed that the coverage loss is 7.45dB, 7.1dB and 6.77 dB for aggregation level of 4, 8 and 16 respectively. Fig.2 demonstrates the results for PDSCH and Table 3 summarizes the required SNR when achieving 10% BLER. It is observed that the coverage loss is 7dB and 8.6 dB for MCS0 and MCS 10 respectively. In our evaluation, we assign the same resource for the normal NR UEs and reduced capability devices for simplicity, so there is no impact from the reduced UE bandwidth. The main reason for the coverage loss is the difference in the number of Rx. Reducing the number of Rx not only reduces the receiving power but also limits the receiving diversity gain from different Rx. 

Observation: Around 7dB coverage loss is caused by reducing the number of Rx from 4 to 1. 
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Figure 1 Simulation result of PDCCH
Table 2 Required SNR for PDCCH when achieving 1% BLER
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Figure 2 Simulation result of PDSCH
Table 3 Required SNR for PDSCH when achieving 10 % BLER
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2.3 Potential coverage recovery solutions
Coverage recovery solutions were extensively discussed in some other topics. For example, in MTC/NB-IoT，time domain repetitions are utilized for the coverage enhancement. In the NR, slot aggregation or repetitions were also defined to satisfy the coverage requirement in the case of high reliability requirement. For the coverage recovery of reduced capability devices, similar idea such as time domain repetitions can be considered. On the base of repetitions, the following additional coverage recovery solutions can be further considered

· Cross-repetition channel estimation: When time domain repetitions are performed, gNBs or UEs could utilize the DM-RS of multiple repetitions jointly to improve the channel estimation accuracy and then additional coverage recovery gain can be further achieved. In this scheme, it is required that the frequency location and precoders should be the same for repetitions in which joint channel estimation is performed. 
· Precoder cycling in time domain:  In some use scenario with mobility such as wearable, channel status is not stable. In this case, it is better to alternate the precoders for multiple repetitions to overcome the channel fluctuation and achieve the diversity gain. 
· Frequency hopping: By distributing multiple repetitions into different frequency locations, frequency diversity gain can be achieved. 
To incorporate the above schemes well, a repetition unit containing N repetitions can be defined and the whole transmission could contain multiple repetition units. In one repetition unit, repetitions share the same precoder and the same frequency locations, then cross-repetition channel estimation can be performed within this repetition unit. Between different repetition units, both precoder and frequency location can be changed. One example is shown in Fig. 3. In this case, channel estimation improvement, frequency diversity gain and spatial diversity gain can all be obtained. 
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Figure 3 Example of incorporating frequency hopping, cross-repetition channel estimation and precoder cycling
Proposal 2: Consider time-domain repetitions as the baseline solution. Additional solutions on base of repetitions can be further considered 
3 Conclusions

In this contribution, we present potential coverage loss due to the device complexity reduction, then some coverage improvement techniques are proposed.

Based on above analysis, some observations are concluded as following:
Proposal 1: Simulation should be carried out to figure out the coverage gap between reduced capability devices and benchmark devices:
· Align the benchmark, evaluation parameter and evaluation methodology 

Observation: Around 7dB coverage loss is caused by reducing the number of Rx from 4 to 1. 

Proposal 2: Consider time-domain repetitions as the baseline solution. Additional solutions on base of repetitions can be further considered 
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Appendix

Table 1. Link level simulation parameters
	Parameters
	Value

	Occupied Resource
	20MHz

	System bandwidth
	100MHz

	Carrier Frequency
	3.5GHz,

	Number of symbols for slot
	14

	Subcarrier spacing
	30KHz

	MCS
	MCS=0/10

	Channel coding
	Polar code (PDCCH) ,LDPC code (PDSCH)

	Transmission scheme
	1-port transmission diversity

	Channel estimation
	Realistic, LMMSE

	Noise estimation
	IDEAL

	Detection method
	MMSE

	Channel model
	TDL-A

	UE relative speed
	3km/h

	Number of BS antennas
	4Tx

	Number of UE antennas
	Normal 4Rx ,1RX


