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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In previous RAN#86 meetings, NR coverage enhancements study item is agreed, and the scope of this SI is given by [1].
The objective of this study item is to study potential coverage enhancement solutions for specific scenarios for both FR1 and FR2. The detailed objectives are as follows.
· The target scenarios and services include
· Urban (outdoor gNB serving indoor UEs) scenario, and rural scenario (including extreme long distance rural scenario) for FR1
· Indoor scenario (indoor gNB serving indoor UEs), and urban/suburban scenario (including outdoor gNB serving outdoor UEs and outdoor gNB serving indoor UEs) for FR2.
· TDD and FDD for FR1.
· VoIP and eMBB service for FR1.
· eMBB service as first priority and VoIP as second priority for FR2.
· LPWA services and scenarios are not included.
· Identify baseline coverage performance for both DL and UL for the above scenarios and services based on link-level simulation
· UL channels (including PUSCH and PUCCH) are prioritized for FR1.
· Both DL and UL channels for FR2.
· Identify the performance target for coverage enhancement, and study the potential solutions for coverage enhancements for the above scenarios and services
· The target channels include at least PUSCH/PUCCH 
· Study enhanced solutions, e.g., time domain/frequency domain/DM-RS enhancement (including DM-RS-less transmissions)
· Study the additional enhanced solutions for FR2 if any
· Evaluate the performance of the potential solutions based on link level simulation.
In this contribution, we will discuss the potential coverage enhancements solutions on the physical channels identified as coverage bottleneck in [2][3].
2. Performance of physical channels in Rel-15/Rel-16
As evaluated in our companion papers [2][3], the available path loss of Rel-15/Rel-16 physical channels are shown as follows. Urban and Rural scenarios for FR1 are illustrated as examples.


[bookmark: _Ref39855116][bookmark: _Ref39855105]Figure 1. MPL for FR1 Urban scenario-NLOS O2I-4GHz DDDSU


[bookmark: _Ref40255020]Figure 2. MPL for FR1 Rural scenario-NLOS O2I-4GHz DDDSU
Based on the coverage evaluation in several scenarios, PUSCH may need enhancement to meet target coverage range. Solutions are needed for the aforementioned physical channels for coverage enhancements. For PUSCH voip, the target ISD coverage may be achieved through repetitions or retransmissions. However, it may be too ideal to allocate so many tranmission occasions for voip, especially in a high load cell, thus coverage enhancements maybe still needed if the number of repetitions or retransmissions is limited.
[bookmark: _Ref39857204]Proposal 1: Solutions for PUSCH enhancement are needed for coverage enhancement.
3. Potential solutions for PUSCH enhancement
3.1. Enhanced frequency hopping
Frequency hopping is introduced for PUSCH to improve performance since it can provide frequency diversity gain, and both intra-slot frequency hopping and inter-slot frequency hopping are supported in Rel-15. The performance gain brought by frequency hopping mainly depends on the frequency locations of each hop and the number of hops. For both intra-slot and inter-slot frequency hopping, PUSCH is transmitted in two frequency hops. If more frequency hops are utilized, more performance gain due to frequency selectivity can be expected. Nevertheless, there may only be two DMRS symbols in one PUSCH, more hops within a PUSCH can hardly be implemented. While for inter-slot frequency repetition, more frequency hops can be considered without impact to PUSCH structure in a slot.
To figure out the performance gain brought by enhanced frequency hopping, the performance of 2 hops and 4 hops with inter slot repetition are evaluated in figure 3. The simulation assumptions are provided in Table 1 in Annex.
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[bookmark: _Ref39855664]Figure 3. Performance of PUSCH frequency hopping with inter slot repetition
As shown in the figure above, frequency hopping on 4 different frequency locations can provide about 1dB performance gain compared with hopping on 2 frequency locations for inter-slot frequency hopping.
[bookmark: _Ref39857183]Observation 1: For inter-slot frequency hopping, frequency hopping on 4 different frequency locations can provide about 1dB performance gain compared with hopping on 2 frequency locations.
[bookmark: _Ref39857206]Proposal 2: More frequency locations for inter slot frequency hopping can be considered for coverage enhancement.
3.2. Joint channel estimation and DMRS enhancement 
In Rel-15/16, PUSCH repetition transmission has been supported, and the number of repetitions can be set as {1, 2, 4, 7, 8, 12, 16}. The repeated PUSCH can be transmitted in consecutive occasions. Therefore, joint channel estimation can take advantage of information of several transmission for better estimation, especially under time non-selective fading channel. However, in current PUSCH transmission mechanism, phase continuity and power consistency cannot be guaranteed between any transmissions. For example, if the transmission power is different in the PUSCH occasions, phase continuity cannot be expected across these occasions. Thereby, joint channel estimation at the receiver cannot be performed.
[bookmark: _Ref39857185]Observation 2: Joint channel estimation across multiple PUSCH transmission occasions cannot be performed in current transmission mechanism.
In order to clarify the benefit of joint channel estimation, we conduct the performance evaluation. Joint channel estimation based on PUSCH repetition transmission is assumed. The simulation assumptions and results are provided in Table 2 in Annex and Figure 4, respectively.
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(a) Intra-slot repetition PUSCH                                        (b) Inter-slot repetition PUSCH
[bookmark: _Ref39856031][bookmark: _Ref39856026]Figure 4. Comparison of PUSCH with and without joint channel estimation
As shown in the figures above, it is observed that PUSCH with joint channel estimation can achieve better performance. With the increment of number of repetitions, the performance improvement of cases with joint channel estimation is more remarkable.
[bookmark: _Ref39857187]Observation 3: Joint channel estimation can bring about performance improvement for PUSCH transmission.
[bookmark: _Ref39857208]Proposal 3: Joint channel estimation can be considered for PUSCH coverage enhancement. 
If joint channel estimation is supported, less DMRS symbols in the time domain can be considered to reduce DMRS overhead, e.g. so called DMRS-less. Maximum 4 PUSCH transmissions with 4 DMRS symbols per transmission are shown in Figure 5 as an example. Furthermore, less DMRS symbols can provide more available resource elements for data transmission, leading to lower effective code rate or more information bits carried. Even though less DMRS symbols is detrimental to performance in some cases, joint channel estimation can provide better channel estimation accuracy and remedy this drawback. Hence, DMRS-less with joint channel estimation may achieve better performance.


[bookmark: _Ref39856346]Figure 5. Example for DMRS-less of PUSCH transmissions
[bookmark: OLE_LINK1]Based on the simulation assumptions showed in Table 2 in Annex, the performance curves of DMRS-less with and without joint channel estimation are simulated and provided in Figure 6. Similarly to section 3.1, the simulation is based on PUSCH repetition transmission.
· X Rep：X repetitions. Other conditions are the same as normal PUSCH transmission. 
· X Rep+DMRS-less：X repetitions without DMRS symbols configured at possible reduced DMRS symbols.
· X Rep+joint+DMRS-less：X repetitions without DMRS symbols configured at possible reduced DMRS symbols, but performing joint channel estimation among X repetitions at the receiver.
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(a) Intra-slot repetition                                                 (b) Inter-slot repetition
[bookmark: _Ref39856406]Figure 6. Performance comparison of different schemes for PUSCH repetition transmission
As shown in the figures above, it is observed that DMRS-less PUSCH can achieve meaningful performance due to lower effective code rate. When combined with joint channel estimation, further performance gain can be achieved.
[bookmark: _Ref39857189]Observation 4: Joint channel estimation with DMRS-less PUSCH can achieve about 1dB performance gain compared with current PUSCH transmission without joint channel estimation and DMRS-less.
[bookmark: _Ref39857210]Proposal 4: DMRS-less for PUSCH transmission can be considered for coverage enhancement.
3.3. Enhancement for MSG3 PUSCH
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]In Rel-15/16, PUSCH repetition has been supported for RRC connected UE. If pusch-AggregationFactor is configured, and PUSCH is scheduled by DCI format 0-1, the PUSCH can be transmitted repeatedly in multiple PUSCH occasions. However, PUSCH repetition is not supported when scheduled by DCI format 0-0.
As shown in [2], MSG3 PUSCH with 56 bits payload cannot achieve the target coverage in Rural O2I scenarios. Although MSG3 retransmission is supported, gNB would not combine multiple MSG3 transmissions in a contention based PRACH procedure, which leads to increased access delay. Furthermore, MSG3 may also be used for more than 56 bits transmission, e.g. RRC connect resume request message, and the coverage would be degraded compared to MSG3 with 56 bits TB size. To improve coverage of MSG3, PUSCH repetition can also be introduced. The number of PUSCH repetitions can be configured in system information or indicated in the scheduling information in PDCCH scrambled with RA-RNTI or TC-RNTI.
[bookmark: _Ref39857212]Proposal 5: MSG3 PUSCH repetition can be considered for coverage enhancement.
4. Conclusion
In this contribution, we discuss the potential solutions for PUSCH/PUCCH and SS/PBCH coverage enhancement, and have the following observations and proposals: 
Observation 1: For inter-slot frequency hopping, frequency hopping on 4 different frequency locations can provide about 1dB performance gain compared with hopping on 2 frequency locations.
Observation 2: Joint channel estimation across multiple PUSCH transmission occasions cannot be performed in current transmission mechanism.
Observation 3: Joint channel estimation can bring about performance improvement for PUSCH transmission.
Observation 4: Joint channel estimation with DMRS-less PUSCH can achieve about 1dB performance gain compared with current PUSCH transmission without joint channel estimation and DMRS-less.
Proposal 1: Solutions for PUSCH enhancement are needed for coverage enhancement.
Proposal 2: More frequency locations for inter slot frequency hopping can be considered for coverage enhancement.
Proposal 3: Joint channel estimation can be considered for PUSCH coverage enhancement.
Proposal 4: DMRS-less for PUSCH transmission can be considered for coverage enhancement.
Proposal 5: MSG3 PUSCH repetition can be considered for coverage enhancement.
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Annex
[bookmark: _Ref40286490]Table 1. Link-level simulation assumptions for inter-slot PUSCH frequency hopping
	Parameters
	Value 

	Carrier frequency
	4 GHz

	Waveform
	CP-OFDM

	Simulation bandwidth
	20 MHz

	Channel model
	TDL-C

	Delay scaling
	300ns

	Doppler
	100Hz

	Subcarrier spacing
	30 kHz

	Antenna configuration
	1T,2R

	Channel estimation
	Real MMSE

	Channel coding scheme
	LDPC

	Modulation
	16QAM

	Code rate
	0.5

	Data allocation
	12 symbols per slot, with 4 RBs allocated

	DMRS configuration
	Type 1, single symbol, 1 front-loaded+1 additional



[bookmark: _Ref40286529]Table 2. Link-level simulation assumptions for PUSCH repetition transmission
	Parameters
	Value for intra-slot repetitions
	Value for inter-slot repetitions

	Carrier frequency
	4 GHz
	4 GHz

	Waveform
	CP-OFDM
	CP-OFDM

	Simulation bandwidth
	20 MHz
	20 MHz

	Channel model
	TDL-C
	TDL-C

	Delay scaling
	300ns
	300ns

	Doppler
	100Hz
	100Hz

	Subcarrier spacing
	30 kHz
	30 kHz

	Antenna configuration
	1T,1R
	1T,1R

	Channel estimation
	Real MMSE
	Real MMSE

	Channel coding scheme
	LDPC
	LDPC

	TB size
	272 bits with 16-bit CRC
	944 bits with 16-bit CRC

	Modulation
	QPSK
	QPSK

	Repetition transmission
	Max 4 repetitions
	Max 4 repetitions

	Data allocation
	4 symbols, with 12 RBs allocated
	14 symbols, with 12 RBs allocated

	DMRS configuration
	Type 1, single symbol
	Type 1, single symbol, 4 DMRS/slot
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