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1      Introduction
In RAN #86 meeting, a new Rel-17 study item on NR coverage enhancements was approved [1] and updated in RAN #88e meeting [2]. 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.

This contribution discusses the potential solutions for PUSCH coverage enhancements and provides the preliminary simulation results.
2      Discussion
In [3], the baseline coverage performance for FR1 is given. From simulation results, we can see that there is a large performance gap between the target coverage and achievable coverage for PUSCH with the given target data rate. Thus coverage enhancement for PUSCH is necessary.
During the email discussion on NR coverage enhancements [4], some potential enhanced solutions were proposed, including time domain, frequency domain, power domain, DM-RS enhancement, packet aggregation, etc. In this section, we discuss the potential solutions for PUSCH coverage enhancements.
· Time domain
The increase of repetition times can achieve better coverage performance. The principle is to maximize the amount of time a UE can transmit continuously at maximum power. Increasing the number of repetition is especially useful for voice service. For voice services, in order to maintain the quality, it is desired that the E2E voice packet delay is restricted in around 400ms. The voice packet E2E delay contains the air interface delay, the core network delay and the time for voice coding and decoding. VoIP packet is generated every 20ms, while the air interface packet delay budget can be relaxed to 50ms or 100ms as long as E2E voice packet delay is satisfied. With the relaxed delay budget for voice service, the number of repetition can be further increased or the repetitions of transmission can be spread within the delay budget to exploit the time diversity to enhance the coverage performance of voice service.
Proposal 1: Increasing the number of repetition for PUSCH or spreading the repetitions of transmission within the delay budget can be considered to enhance the coverage performance of voice service.
In current specification, PUSCH repetition can be supported in RRC connected mode. However, PUSCH repetition is not supported for Msg3 during the random access. This may result in coverage imbalance for PUSCH during the random access and PUSCH in RRC connected mode. In this case, although UE is able to support the target data rate transmission, UE may not be able to establish the RRC connection successfully in the extreme scenarios as identified in the SID. Therefore, PUSCH repetition should also be considered for Msg3.
Proposal 2: PUSCH repetition should be considered for Msg3.
In Rel-15, PUSCH repetition is configured by RRC. In Rel-16, dynamic indication of number of repetition is introduced. However, the nominal number of repetition is counted on the basis of contiguous slots. In case of collision with DL slots for TDD, the consequent PUSCH transmission is cancelled. Then, the actual number of PUSCH repetition is less than the nominal number of repetition and the coverage performance of PUSCH is degraded significantly. The repetition mechanism for PUSCH should be enhanced overcome cancellation of the repetition due to DL/UL collision for TDD, e.g., the number of repetition should be counted on the basis of available UL slots.
Proposal 3: The repetition mechanism for PUSCH should be enhanced to overcome the cancellation of the repetition due to DL/UL collision for TDD.

Repetition is an effective way for coverage enhancements. In Rel-16, dynamic indication of number of repetition is introduced. However, it is possible that one PUSCH is correctly decoded when part of repetitions are received. In this case, the remaining PUSCH transmission can cause resource waste. In order to save resource, early termination of PUSCH repetition can be considered. Then the saved resource can be used by other UEs to enhance coverage.
Proposal 4: Early termination of PUSCH repetition can be considered.

· Frequency domain
In current specifications, there are two types of uplink frequency hopping defined for PUSCH: Intra-slot frequency hopping, applicable to single slot and multi-slot PUSCH transmission; Inter-slot frequency hopping, applicable to multi-slot PUSCH transmission. When the size of the active BWP is less than 50 PRBs, two frequency offsets are configured by higher layer and one of two higher layer configured offsets is indicated in the UL grant. When the size of the active BWP is equal to or greater than 50 PRBs, four frequency offsets are configured by higher layer and one of four higher layer configured offsets is indicated in the UL grant. Compared with LTE, larger spectrum bandwidth is expected, to exploit frequency diversity, more frequency offsets can be configured.
Proposal 5: For frequency hopping, more frequency offsets can be configured by higher layer.
For intra-slot frequency hopping, applicable to single slot PUSCH transmission, no matter how many frequency offsets are configured by higher layer, only one offset is indicated in the UL grant and only two frequency positions in total. In order to further exploit frequency diversity, finer granularity in time domain for one PUSCH, i.e., more than one offset or more than two frequency positions in total for intra-slot frequency hopping can be considered. Likewise, for inter-slot frequency hopping, more frequency positions can be considered for actual PUSCH transmission.

Proposal 6: For intra-slot frequency hopping and inter-slot frequency hopping, more frequency positions can be considered for the actual PUSCH transmission.
Furthermore, inter-bundle frequency hopping can be considered for coverage enhancements. With inter-bundle hopping, multi-slot channel estimation can be utilized to improve the accuracy of channel estimation within one bundle. 
Proposal 7: Inter-bundle frequency hopping can be considered for PUSCH coverage enhancements.
· Power domain
Apparently, increasing the transmission power can improve coverage. However, UEs in coverage limited scenarios have already transmitted the uplink signals with maximum transmission power. Thus, further increasing the transmission power is impossible. Another way is sub-PRB transmission with increased PSD and multiple slots can be aggregated. Compared with 1 PRB within 1 slot, sub-PRB transmission with multiple slots aggregation can be considered for PUSCH coverage enhancements.
Proposal 8: Sub-PRB transmission can be considered for PUSCH coverage enhancements.
· DM-RS enhancement
One of the factors that may affect the performance for coverage limited scenarios is channel estimation. In these scenarios, UE may experience bad channel condition and low SINR, which may cause low accuracy of channel estimation and finally it results in lower coverage performance. One potential solution to enhance the accuracy of channel estimation is DM-RS enhancements. For instance, multi-slot/cross-slot channel estimation can be utilized to improve the accuracy of channel estimation if UE is scheduled transmission in continuous UL slots. Higher DM-RS density can also be considered to improve channel estimation performance. For the sake of symmetric design between DL and UL as well as DM-RS multiplexing, in current specification, DM-RS for each individual port does not occupy the whole DM-RS symbol, for both type 1 and type 2 DM-RS. However, for cell edge UEs, coverage is more important than multiplexing. DM-RS with single port can span to occupy the whole DM-RS symbol to improve the performance of channel estimation based on DM-RS with increased density.
Proposal 9: DM-RS enhancement can be considered for PUSCH coverage enhancements.
· Packet aggregation
Packet aggregation can be considered for coverage enhancements. RAN can aggregate multiple RTP packets with one speech frame encapsulated in one RTP packet or the application can encapsulate multiple packets in one RTP packet. Due to the overhead reduction of packet aggregation, the coverage can be improved accordingly. Packet aggregation is especially beneficial for services with small size packets, such as voice.
Proposal 10: Packet aggregation can be considered for PUSCH coverage enhancements.
3      Simulation Results

This section provides the preliminary simulation results for some of the solutions discussed in section 2. The simulation assumptions are given in Appendix Table-A.
· Time domain
As discussed in section 2, in the current specification, the repetition mechanism for PUSCH is based on the nominal number of repetition, which is counted on the basis of contiguous slots. The enhanced repetition mechanism based on actual transmission, which is counted on the basis of available UL slots is evaluated. Voice service with frame structure DDDSUDDSUU is considered in the simulation. Both outdoor-to-indoor (O2I) and outdoor-to-outdoor (O2O) scenarios are evaluated in Fig. 3-1 and Fig. 3-2 respectively.  
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Fig. 3-1 Simulation results of enhanced repetition for voice service (O2I) 
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Fig. 3-2 Simulation results of enhanced repetition for voice service (O2O)
It can be seen from Fig. 3-1 and Fig. 3-2 that the performance can be enhanced significantly, if actual 8 repetitions is considered. For O2I scenario, the performance can be improved by 3.2dB if enhanced repetition mechanism is adopted, while the performance improvement is 4dB for O2O scenario.
Observation 1: The enhanced repetition mechanism can improve the performance of voice service for both O2I and O2O scenario, 3.2dB and 4dB gain with target 2% rBLER can be obtained respectively when 8 actual repetitions is considered.
· Frequency domain
The enhanced intra-slot frequency hopping for PUSCH is evaluated. Simulation results are shown with enhanced intra-slot frequency hopping in both O2I and O2O scenarios in Fig. 3-3 and Fig. 3-4, respectively. For the conventional intra-PUSCH hopping, 2 hops within one slot and 1 DMRS symbol for each hop is assumed, while for the enhanced intra-PUSCH hopping, 3 hops within one slot and 1 DMRS symbol for each hop is assumed. In the simulation, both eMBB and voice service are considered. The data rate is assumed as 100kbps for eMBB while the package size is assumed as 320bits for voice service. It can be seen from Fig. 3-3 that about 0.4dB gain can be observed with target 10% iBLER if the enhanced intra-slot frequency hopping scheme is adopted for eMBB service for O2I scenario, while the performance improvement is 1.6dB with target 2% rBLER for voice service for O2O scenario. 
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Fig. 3-3 Simulation results of enhanced intra-slot frequency hopping for eMBB service for urban scenario
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Fig. 3-4 Simulation results of enhanced intra-slot frequency hopping for voice service
Observation 2: The enhanced frequency hopping scheme can improve the coverage performance, 0.4dB gain with target 10% iBLER and 1.6dB gain with target 2% rBLER can be obtained for eMBB and VoIP respectively compared with conventional frequency hopping scheme.

· DM-RS enhancement
As discussed in section 2, the coverage performance can be improved by enhancing the accuracy of channel estimation of DM-RS. Three potential enhanced solutions are considered in the simulation. The first one is enhanced comb-like DMRS scheme by exploiting the frequency diversity. Here, we take DMRS configuration Type 1 as an example to illustrate the difference between conventional DMRS and enhanced comb-like DMRS: 

· For conventional DMRS, DMRS port 0 & 1 are allocated in subcarrier {0, 2, 4, 6, 8, 10} and DMRS port 2 & 3 are allocated in subcarrier {1, 3, 5, 7, 9, 11} in one RB.
· For enhanced comb-like DMRS, DMRS port 0 & 1 are allocated in subcarrier {0, 4, 8, 12, 16, 20} and DMRS port 2 & 3 are allocated in subcarrier {2, 6, 10, 14, 18, 22} in 2 RBs. Subcarrier {1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23} can be allocated to another UE.
By utilizing the enhanced comb-like DMRS scheme, additional diversity gain can be obtained in frequency domain. It can be seen from Fig. 3-5 and Fig. 3-6 that about 0.5dB gain with target 10% iBLER for eMBB and about 0.5dB gain with target 2% rBLER for voice service can be observed if the enhanced comb-like DMRS scheme is adopted.
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Fig. 3-5 Simulation results of enhanced comb-like DMRS in urban scenario for eMBB
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Fig. 3-6 Simulation results of enhanced comb-like DMRS for VoIP
Observation 3: The enhanced comb-like DMRS scheme can improve the coverage performance, about 0.5dB gain with target 10% iBLER for eMBB and about 0.5dB gain with target 2% rBLER for voice service can be obtained.

The second one is full DMRS scheme with higher DM-RS density. DM-RS with single port can span to occupy the whole DM-RS symbol to improve the performance of channel estimation. It can be seen from Fig. 3-7 and Fig. 3-8 that about 0.5dB and 1.5 dB gain with target 10% iBLER can be observed for eMBB service for urban scenario and rural scenario respectively.
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Fig. 3-7 Full-DMRS in urban scenario for eMBB service
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Fig. 3-8 Full-DMRS in rural scenario for eMBB service
Observation 4: Full DMRS scheme can improve the coverage performance, about 0.5dB and 1.5 dB gain with target 10% iBLER can be obtained for eMBB for both urban and rural scenarios respectively.
The third one is cross-slot channel estimation. Cross-slot channel estimation can be utilized to improve the accuracy of channel estimation in continuous UL slots. Simulation results with cross-slot channel estimation over 2 continuous UL slots are shown in Fig. 3-9 and Fig. 3-10. It can be seen that about 0.4 dB and 0.8 dB gain with target 10% iBLER can be observed for TDD (DDDSUDDSUU) and FDD respectively.
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Fig. 3-9 Cross-slot channel estimation in rural scenario for eMBB service for TDD (DDDSUDDSUU)
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Fig. 3-10 Cross-slot channel estimation in rural scenario for eMBB service for FDD
Observation 5: Cross-slot channel estimation can improve the coverage performance, about 0.4dB and 0.8 dB gain with target 10% iBLER can be observed for TDD (DDDSUDDSUU) and FDD respectively.
4      Conclusion
In this contribution, we discussed the potential solutions for PUSCH coverage enhancements and have following proposals:

Proposal 1: Increasing the number of repetition for PUSCH or spreading the repetitions of transmission within the delay budget can be considered to enhance the coverage performance of voice service.

Proposal 2: PUSCH repetition should be considered for Msg3.
Proposal 3: The repetition mechanism for PUSCH should be enhanced to overcome the cancellation of the repetition due to DL/UL collision for TDD.

Proposal 4: Early termination of PUSCH repetition can be considered.

Proposal 5: For frequency hopping, more frequency offsets can be configured by higher layer.
Proposal 6: For intra-slot frequency hopping and inter-slot frequency hopping, more frequency positions can be considered for the actual PUSCH transmission.
Proposal 7: Inter-bundle frequency hopping can be considered for PUSCH coverage enhancements.

Proposal 8: Sub-PRB transmission can be considered for PUSCH coverage enhancements.
Proposal 9: DM-RS enhancement can be considered for PUSCH coverage enhancements.
Proposal 10: Packet aggregation can be considered for PUSCH coverage enhancements.
In addition, the preliminary simulation results for some of the enhanced solutions are provided and we have following observations:
Observation 1: The enhanced repetition mechanism can improve the performance of voice service for both O2I and O2O scenario, 3.2dB and 4dB gain with target 2% rBLER can be obtained respectively when 8 actual repetitions is considered.

Observation 2: The enhanced frequency hopping scheme can improve the coverage performance, 0.4dB gain with target 10% iBLER and 1.6dB gain with target 2% rBLER can be obtained for eMBB and VoIP respectively compared with conventional frequency hopping scheme.

Observation 3: The enhanced comb-like DMRS scheme can improve the coverage performance, about 0.5dB gain with target 10% iBLER for eMBB and about 0.5dB gain with target 2% rBLER for voice service can be obtained.

Observation 4: Full DMRS scheme can improve the coverage performance, about 0.5dB and 1.5 dB gain with target 10% iBLER can be obtained for eMBB for both urban and rural scenarios respectively.
Observation 5: Cross-slot channel estimation can improve the coverage performance, about 0.4dB and 0.8 dB gain with target 10% iBLER can be observed for TDD (DDDSUDDSUU) and FDD respectively.
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6      Appendix 
Table-A simulation assumptions for potential solutions
	Potential solutions
	Time domain

(enhanced repetition)
	Frequency domain(enhanced intra-hopping)
	DMRS enhancement(comb-like DMRS)
	DMRS enhancement(full-DMRS)
	Cross-slot channel estimation

	Corresponding figure
	3-1
	3-2
	3-3
	3-4
	3-5
	3-6
	3-7
	3-8
	3-9
	3-10

	Scenario
	O2I
	O2O
	Rural O2I
	O2O
	Urban O2I
	O2O
	Urban O2I
	Rural O2O
	Rural O2I
	Rural O2I

	Number of RBs
	4
	4
	4
	30
	4
	30
	4
	4

	Frame structure
	DDDSUDDSUU
	DDDSUDDSUU
	DDDSUDDSUU
	DDDSUDDSUU
	DDDSUDDSUU
	FDD

	Data rate
	Package size: 320bits
	100kbps 
	Package size: 320bits
	1Mbps
	Package size: 320bits 
	1Mbps
	100kbps
	100kbps

	UE speed(km/h)
	3
	120
	3
	120
	3
	120
	3
	120
	3

	Channel
	TDL-C
	TDL-C
	TDL-C
	TDL-C
	TDL-C

	DMRS configuration
	Type I, 1+1 symbol
	Type I, 1+1 symbol
	Type I,1 symbol for each hop
	Type I,1 symbol for each hop
	Type I,1+1 symbol
	Type I,1+1 symbol
	Type I,1+1 symbol
	Type I,1+1 symbol
	Type 1, 1+1 symbol

	Frequency hopping
	No
	Intra-slot hopping
	No
	No
	No

	Service 
	Voice
	Voice
	eMBB
	Voice
	eMBB
	Voice
	eMBB
	eMBB
	eMBB
	eMBB
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