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In the RAN plenary #86 meeting, a new SID on NR coverage enhancement was approved [1]. One objective of this study item is to identify the performance target for coverage enhancement for specific scenarios for both FR1 and FR2 and study the potential solutions for both DL and UL.
The baseline coverage performance for both UL and DL based on link-level simulation is provided in our companion contribution [2]~[3]. In this contribution, we discuss the potential techniques for coverage enhancements for PUSCH.
Discussion on potential techniques for PUSCH enhancement
Based on the evaluation results provided in our companion contribution [4], there still exists some scenarios that need coverage enhancement for PUSCH. Therefore, in this section, we give some potential techniques for PUSCH coverage enhancement.
DMRS overhead reduction 
· DMRS sharing among repetitions/slots
In LTE short TTI, DMRS sharing among different PUSCH transmissions across different sTTI within a subframe is adopted. This could improve the reliability by reducing DMRS overhead. In Rel-16, PUSCH repetition Type B is adopted. It allows a UE to transmit more than one PUSCH repetitions within a slot. Similarly, DMRS sharing across different repetitions can be considered. In addition, for the scenario with low UE speed, e.g., urban scenario with O-to-I, DMRS sharing among PUSCH repetitions across different slots can also be studied. However, due to power control is adjusted per repetition and timing advance is adjusted per slot, whether the power phase continuity can be kept across repetition/slot boundary needs further study. 
Figure 1 shows the performance comparison of PUSCH w/ or w/o DMRS sharing for 8 repetitions in urban scenario. For the both cases, one DMRS is configured for every PUSCH repetition. For DMRS sharing, it means gNB enables joint DMRS estimation across repetitions. More detailed simulation assumptions are listed in Table A-1 in the Annex. 

Figure 1. Performance comparison of PUSCH w/ or w/o DMRS sharing

As shown in Figure 1, the case with DMRS sharing (joint channel estimation across repetitions) can provide additional 1.8 dB gain over w/o DMRS sharing for urban scenario with 8 repetitions at target BLER 0.1. 
As for DMRS sharing patterns, it also needs further study to check which pattern may provide better performance considering both the DMRS overhead and joint channel estimation across repetitions.  
Observation 1: DMRS sharing among PUSCH repetitions can provide 1.8dB gain in urban scenario.  
Proposal 1: DMRS sharing among PUSCH repetitions can be considered.
· Further study whether it is possible to enable DMRS sharing across repetitions and slot boundary.
· Further study DRMS sharing pattern .
· DMRS overhead reduction in the frequency domain
For PUSCH with transform precoder is enabled or scheduled by DCI 0_0 with more than 2 symbols in Rel-15, a UE cannot transmit data on the REs without mapping DMRS. The benefits of such behavior is to allow DMRS power boosting. However, it would also decrease the coding rate, which will detrimental to the performance. If the performance is limited by channel estimation, it’s easy to increase DMRS density in time domain to improve the channel estimation. However, if not the case, lowering the date coding rate by mapping data in the REs without mapping DMRS would be beneficial. For instance, the coding rate can be reduced by 3.8% or 8.3% in case of one DMRS or two DMRS symbol per slot. 
To not increase the PAPR by mapping data in the REs without mapping DMRS, new mapping structure in case of transform precoder enabled should be considered. Figure 2 gives an example of the signal generation process for the IFDMA symbol. The DMRS and data are interlaced and repeated into 4 sPRB in the frequency domain. In general, a 12*N-point DFT shall be applied if the number of sPRB used is N.  
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[bookmark: _Ref476920121]Figure 2. Signal generation for IFDMA with low CM.
In such a signal generation design, a low CM can be maintained. The CM comparison for different signal generations is given Table 1.
[bookmark: _Ref476918844]Table 1. CM property of different signal generations
	Cases
	Mean
	Max
	Medium

	DFT-s-OFDM with data only
	1.1871
	2.8472
	1.1612

	IFDMA mapping with both data and RS in one symbol
	2.4586
	3.9893
	2.4472

	Proposed scheme with both data and RS in one symbol
	1.4197
	3.1171
	1.3925



Observation 2: The CM of the proposed IFDMA scheme is about 0.2dB higher than DFT-s-OFDM, but about 1dB lower than traditional IFDMA.  
Proposal 2: DMRS overhead reduction in the frequency domain can be considered.
Frequency hopping 
In case of inter-slot frequency hopping in Rel-15, frequency hopping occurs between every two slot-based transmissions. In case of inter-repetition frequency hopping for PUSCH repetition type B in Rel-16, frequency hopping occurs between every two nominal repetitions. For NR coverage, a more flexible frequency pattern may be desirable to mitigate the inter-cell interference for cell edge UEs. In addition, a flexible time domain hopping interval is beneficial to achieve better channel estimation performance or DMRS sharing. For example, the time domain hopping interval can be configured as more than one repetitions/slots so to enable DMRS sharing or joint DMRS estimation. 
In both Rel-15 and Rel-16, the hopping locations in frequency is at most 2, which may be not sufficient for power limited UEs with a small number of RBs. And the Rel-15 and Rel-16 rule (only two hops) is more suitable in cases of low speed scenario with lower DMRS overhead. But we find in some cases, as shown in Figure 3, more hops could provide better performance. So a configurable number of hopping locations can also be considered.
Figure 3 shows the performance of frequency hopping with 2 repetitions for rural scenario. The hopping offsets are different for intra-slot and inter-slot hopping. That is, there are totally 4 hopping positions for the cases with enabling both intra-slot and inter-slot hopping. The simulation assumptions are listed in Table A-2 in the Annex. 

Figure 3. Simulation result for frequency hopping
Based on Figure 3, the enhanced hopping method with enabling both intra and inter slot hopping can provide additional 0.58/0.86 dB gain over inter-slot hopping in Rel-15 at target BLER 0.1 and 0.01.
Proposal 3: Enhancement to frequency hopping pattern can be considered for NR coverage enhancement.
·  A more flexible frequency pattern for mitigating the inter-cell interference. 
·  A configurable time domain hopping interval for better channel estimation performance or DMRS sharing.
·  A configurable number of hopping locations for better frequency diversity. 
OCC spreading based PUSCH repetition
For NR coverage, PUSCH repetitions would be one straightforward way for coverage enhancement. However, this would be system inefficient by applying repetitions, especially the repetition number is expected to be large for coverage enhancement. In case of repetitions, it is naturally spread by an orthogonal code with all ‘1’ for each repetition. To improve the efficiency, orthogonal code division multiplexing among different UEs can be considered in case of repetitions. This is similar to using time domain OCC among OFDM symbols to enable PUCCH multiplexing among different UEs. Take Figure 4 as an example. Each block in the figure is one repetition. There are three UEs, where UE#1 has 4 repetitions and encoded with orthogonal code [1, 1, 1, 1], UE#2 and UE#3 both have two repetitions and encoded with orthogonal code [1, -1]. In such example, the three UEs can be multiplexed together even there is overlapping resources.   
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		Figure 4. An example for OCC spreading based PUSCH repetitions.
Proposal 4: OCC spreading based PUSCH can be considered for NR coverage enhancement.
Early termination
As mentioned above, PUSCH repetitions is one straightforward way for coverage enhancement while causes inefficiency. Though repetition is for performance enhancement, it is still possible for gNB to successfully decode the PUSCH based on only part of repetitions. Take 4 repetitions for instance, if the overall reliability is 99%, i.e., 1-(1-P)^4=0.99. The reliability for one repetition is P= 0.6838. Then, the probability of successful decoding based on the first 2 and 3 repetitions is 1-(1-P)^2 = 0.9 and 1-(1-P)^3 = 0.9684 respectively. This makes the rest of repetitions needless. Normally, one repetition would have a long length for coverage enhancement. Thus, it is also possible for gNB to terminate some of the needless repetitions. This is also beneficial in terms of UE power saving and interference reduction.   
In Rel-16, DFI in NR-U is introduced for explicit ACK, which can be used as the starting point for early termination for NR coverage. 
Proposal 5: Early termination can be considered for NR coverage enhancement.
Power spectrum density
[bookmark: OLE_LINK1]Increasing the transmission power is a straightforward way to improve coverage. However, the maximum transmission power for uplink is limited due to UE capability and consideration of radiation harm to human body. So further increasing the transmission power directly for power limited UE is not an option. Similar to NB-IOT, one solution for coverage enhancement is to improve transmission PSD with sub-PRB resource allocation (e.g. sub-PRB with 6 sub-carriers). In this way, it can improve the coverage directly with sacrificing the date rates. This could apply for services like VoIP, which has a fixed packet size and very loose latency requirement, e.g. 320 bits within 50/100ms. 
Proposal 6：PUSCH transmission with sub-PRB can be considered for coverage enhancement.
Conclusion
According to the analysis given above, we have the following observations and proposals:
Observation 1: DMRS sharing among PUSCH repetitions can provide 1.8dB gain in urban scenario.  
Proposal 1: DMRS sharing among PUSCH repetitions can be considered.
· Further study whether it is possible to enable DMRS sharing across repetitions and slot boundary.
· Further study DRMS sharing pattern .
[bookmark: _GoBack]Observation 2: The CM of the proposed IFDMA scheme is about 0.2dB higher than DFT-s-OFDM, but about 1dB lower than traditional IFDMA.  
Proposal 2: DMRS overhead reduction in the frequency domain can be considered.
Proposal 3: Enhancement to frequency hopping pattern can be considered for NR coverage enhancement.
·  A more flexible frequency pattern for mitigating the inter-cell interference. 
·  A configurable time domain hopping interval for better channel estimation performance or DMRS sharing.
·  A configurable number of hopping locations for better frequency diversity. 
Proposal 4: OCC spreading based PUSCH can be considered for NR coverage enhancement.
Proposal 5: Early termination can be considered for NR coverage enhancement.
Proposal 6：PUSCH transmission with sub-PRB can be considered for coverage enhancement.
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Appendix
Table A-1 Simulation assumption for DMRS sharing
	Parameter
	Value

	Carrier frequency
	4GHz

	Channel model
	TDL-C (delay spread: 300ns) as in 38.901 for Urban scenario

	UE speed
	3 km/h 

	BS antenna configuration
	8 Rx 

	UE antenna configuration
	2 Tx

	System bandwidth
	40 MHz

	Sub-carrier spacing
	30kHz 

	Occupied RB
	15

	MCS
	5

	Waveform 
	DFT-s-OFDM

	Number of OS per repetition
	14 (PUSCH mapping type A)

	DMRS overhead 
	1 DMRS symbol in all repetitions

	Number of repetitions
	8

	Frequency hopping 
	Enabled 

	Channel estimation
	Practical

	Receiver type
	MMSE



Table A-2 Simulation assumption for PUSCH frequency hopping
	Parameter
	Value

	Carrier frequency
	2GHz

	Channel model
	TDL-C (delay spread: 300ns) as in 38.901 for Rural scenario

	UE speed
	120 km/h 

	BS antenna configuration
	2 Rx 

	UE antenna configuration
	1 Tx

	System bandwidth
	20 MHz

	Sub-carrier spacing
	15kHz 

	Occupied RB
	4

	MCS
	0

	Waveform 
	DFT-s-OFDM

	Number of OS per repetition
	14 (PUSCH mapping type A)

	DMRS overhead 
	1 DMRS symbol per hop 

	Number of repetitions
	2 

	Frequency hopping 
	Enabled 

	Channel estimation
	Practical

	Receiver type
	MMSE

	Hopping RB offset
	50RBs offset for inter-slot hopping
50RBs、25RBs and 75RBs offsets for intra-slot and inter-slot hopping



8 Repetitions
w/o DMRS sharing	-20	-18	-16	-14	-12	-10	-8	-6	1	1	0.99199	0.81105	0.30424	0.04804	0.004	0	w/ DMRS sharing	-20	-18	-16	-14	-12	-10	-8	-6	1	0.996	0.88631	0.38991	0.06325	0.004	0	DMRS sharing pattern1, w/ DMRS sharing	-20	-18	-16	-14	-12	-10	-8	-6	1	0.9992	0.91273	0.47398	0.09768	0.00881	0	DMRS sharing pattern2, w/ DMRS sharing	-20	-18	-16	-14	-12	-10	-8	-6	1	0.9992	0.95677	0.60769	0.16253	0.01761	0.008	0	DMRS sharing pattern3, w/ DMRS sharing	-20	-18	-16	-14	-12	-10	-8	-6	1	0.98959	0.81665	0.29223	0.04003	0.0024	0	DMRS sharing pattern2, w/ DMRS sharing	-20	-18	-16	-14	-12	-10	-8	-6	1	0.99119	0.81105	0.29624	0.03363	0.0016	0	DMRS sharing pattern6, w/ DMRS sharing	-20	-18	-16	-14	-12	-10	-8	-6	1	0.99279	0.83106	0.32666	0.05124	0.004	0	



2 Repetitions
Inter-slot hopping in R15	-14	-12	-10	-8	-6	-4	-2	0	2	0.94234	0.73033	0.41782	0.16637	0.04725	0.01041	0.002	0.0004	0	Intra	&	Inter-slot hopping with multiple hopping offsets	-14	-12	-10	-8	-6	-4	-2	0	2	0.98058	0.81842	0.42382	0.12813	0.02102	0.0032	0	方案1：Intra-slot hopping	-14	-12	-10	-8	-6	-4	-2	0	2	0.96897	0.81081	0.46266	0.16917	0.03564	0.00601	0.0006	0.0002	0	
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