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In the RAN plenary #86 meeting, a new SID on NR coverage enhancement was approved [1]. The 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 detailed objectives regarding to UL and DL channel are listed as follows.
· 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.
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.
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 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. 
Proposal 1: DMRS sharing among PUSCH repetitions can be considered.
· Further study DMRS sharing in case PUSCH repetitions are across different slots.
· 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 1 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 1. 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 1: 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 as specified in MTC/NB-IOT.
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. A configurable number of hopping locations can also 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 in the frequency domain for better diversity. 
OCC spreading based PUSCH repetitions
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 2 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 2 An example for OCC spreading based PUSCH repetitions.
Proposal 4: OCC spreading based PUSCH repetitions 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 timely. 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.
Discussion on potential techniques for PUCCH enhancement
Based on the evaluation results provided in our companion contribution [4], there still exists some scenarios that need coverage enhancement for PUCCH. Therefore, in this section, we give some potential techniques for PUCCH coverage enhancement 
Dynamic PUCCH repetition
In Rel-16, PUSCH repetition number can be dynamically indicated. However, the repetition number for PUCCH is RRC configured based on large scale characteristic of propagation condition. Such a semi-static configuration cannot be adaptive to the instantaneous radio channel condition. To ensure the reliability of PUCCH, a conservative repetition factor will be set up. This wastes radio resources which otherwise can be used for accommodating more coverage limited UE. In this regard, dynamic indication of PUCCH repetition can be considered.
To investigate the necessity of dynamic PUCCH repetition, we first evaluate the required SNR for different repetitions. Figure 3 shows the performance of different UCI payload with different repetition for urban scenario. And Table 2 lists the required SNR for different cases. The simulation assumptions are listed in Table A1 in the Annex. 
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Figure 3. Performance of PUCCH format 3 with different repetition factors.
Table 2. Required SNR (dB) to satisfy BLER <=0.01
	Repetition number
	Urban_TDL-C_3km/h_4Rx

	
	3bits
	11bits
	22bits

	RP=2
	-13.48
	-10.82
	-8.76

	RP=4
	-15.46
	-12.8
	-10.71

	RP=8
	-17.6
	-14.52
	-12.65



Based on Table 2, a simulation is conducted at an SNR of -12.8dB, which is the required SNR for the case with 11bits UCI and RP=4. The simulation is to get the distribution of instantaneous received SNR at certain RBs (which are assumed to be configured for PUCCH transmission) and to see the percentage of instantaneous received SNR higher than the required SNR for RP=4. Without loss of generality, the RBs configured for PUCCH transmission is randomly selected within the whole bandwidth. Figure 4 gives the distribution of the instantaneous SNR over interested RBs. From Figure-4, we find that at least 90% of the instantaneous SNR on the RBs assumed to be configured for PUCCH transmission exceed the required SNR and more than 70% cases can be indicated to 2 repetitions instead. Therefore, dynamic repetition should be considered if the instantaneous SNR can be obtained by gNB.
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Figure 4. Distribution of instantaneous SNR on each RB

Proposal 6: Dynamic PUCCH repetition can be considered for NR coverage enhancement to increase the resource utilization efficiency.
Sequence based design for PUCCH with more than 2 bits
In current NR specification, DMRS less design is adopted for PUCCH format 0 to support up to 2bits. That is, different information bits are carried by different sequences transmitted on the PUCCH. This is also referred as “Sequence based PUCCH”. For more than 2 bits, channel coding based design is adopted for PUCCH format 2/3/4. That is, RM coding is used for 3~11 bits, and polar coding is applied for more than 11 bits. To evaluate the possible extension of sequence based design to more than 2 bits, we simulate the case with PUCCH format 3 carrying 11 bits UCI in Figure 5. Compared to legacy NR PUCCH format 3, about 2~3 dB gain at BLER@10^-3 for sequenced based PUCCH with 11 bits payload size is achieved. The simulation assumptions are listed in Table A1 in the Annex. 
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Figure 5. Performance comparison of sequence based PUCCH and PUCCH format 3
The performance gain of sequence based PUCCH may come from several factors, such as all energy/resources are spent for useful information transmission, and non-coherent detection is applied to avoid poor channel estimation at low SNR. Considering the clear performance gain, we suggest that sequences based design should be considered for PUCCH coverage enhancement, especially for small to medium UCI payload, i.e., 3~11bits.  
Observation 2: For UCI of 11 bits, sequence based PUCCH can provide about 2~3 dB gain over legacy PUCCH format 3. 
Proposal 7: Sequence based PUCCH should be considered for coverage enhancement for small to medium UCI payload.
In the following, we give some preliminary considerations on the design aspects for sequence based PUCCH. First of all, for sequence based design with larger UCI payload, we should determine how many resources that sequences can be mapped to. In current NR, the time-frequency resources that can be used for PUCCH format 3 vary from 4 symbols to 14 symbols in time domain, and 1 RB to 16 RBs in frequency domain. If the sequence based PUCCH also has such configurable resources (up to 11*16 combinations) for sequences to map to, it would be a great challenge since we need to design sequences with different length for each time-frequency combination. Therefore, we should determine the total resources for sequence mapping first, then study the potential methods for sequence design. Considering it is for coverage enhancement, the time domain symbols within a slot should be used as many as possible. And due to the limit UE transmit power, the transmit power per RE reduces as the number of transmitted RB increases. Therefore, we take 1RB with 14 symbols as a baseline for the sequence based PUCCH design. That is, there are 168 REs available for sequence mapping.
Secondly, we should consider what type of sequence should be used. There are at least two types of sequence can be considered.
· Option 1: long sequence based
· Option 2: short sequence based
For Option 1, a long sequence with length 168 shall be mapped to all PUCCH resource elements in both time and frequency domain, which is somewhat similar to the NB-SSS. In such design, low PAPR/CM property cannot be guaranteed when DFT-S-OFDM is used even if the long sequence has low PAPR/CM. Therefore, it may not be suitable for the coverage enhancement scenario. So we think the sequence design based on long sequence should not be considered.
For Option 2, a short sequence with length-12 is mapped to each symbol. This method enable low PAPR when the short sequence with length-12 is based on low PAPR/CM design. The low PAPR sequence adopted in current NR can be a starting point.
Proposal 8: Short sequence with length equal to the number of RE in one OFDM symbol is the starting point for sequence based PUCCH design.
Conclusion 
In this contribution, we give some preliminary considerations on the coverage enhancements for each channel, and have the following observations and proposals.
Proposal 1: DMRS sharing among PUSCH repetitions can be considered.
· Further study DMRS sharing in case PUSCH repetitions are across different slots.
Observation 1: 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 in the frequency domain for better diversity. 
Proposal 4: OCC spreading based PUSCH repetitions can be considered for NR coverage enhancement.
Proposal 5: Early termination can be considered for NR coverage enhancement.
Proposal 6: Dynamic PUCCH repetition can be considered for NR coverage enhancement to increase the resource utilization efficiency.
Observation 2: For UCI of 11 bits, sequence based PUCCH can provide about 2~3 dB gain over legacy PUCCH format 3. 
Proposal 7: Sequence based PUCCH should be considered for coverage enhancement for small to medium UCI payload.
Proposal 8: Short sequence with length equal to the number of RE in one OFDM symbol is the starting point for sequence based PUCCH design.
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Table A-1 Simulation assumption for PUCCH 
	Parameters
	Value 

	Carrier frequency
	4 GHz

	Channel
	TDL-C , DS = 300ns

	UE speed
	3 km/h

	Antenna configuration
	1Tx, 4Rx

	Number of symbols
	14

	Number of RBs
	1

	Number of repetition
	1/2/4/8

	DMRS location
	The 3rd ,10th symbol

	Payload
	3/11/22 bits

	Coding
	RM for legacy PUCCH format 3, or 
Sequence based PUCCH with 2^11 sequences.

	BLER
	0.1%
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