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Introduction
[bookmark: _Hlk22834419]In RAN#86 meeting, NR coverage enhancement SI was approved and the objective of coverage enhancement SI is listed below [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.


As listed in the objective, the target channels for coverage enhancements include at least PUSCH/PUCCH and the potential techniques are described such as time/frequency domain and DMRS enhancement. This contribution discusses the potential solutions and techniques for PUSCH coverage enhancement.
Time domain enhancement
Rel-15/16 NR, the PUSCH repetition type A and B are introduced. Due to the increased flexibility, it is suitable for PUSCH repetition type B to apply for coverage enhancements especially in unpaired spectrum, e.g., due to the flexibility to use UL symbols in the special (flexible) slot.  However, certain rules have been defined for PUSCH repetition type B to derive the actual repetitions from the nominal repetitions, such as dividing the nominal repetition into one or multiple actual repetitions when the nominal repetition would be across the slot boundary, or DL symbols (including SSB, CORSET0), or blank (invalid) symbols. Also, each actual repetition needs to be rate matched, thereby resulting so a higher code rate. As shown in Figure 1, it is possible that actual repetitions can have a complex structure and some can also have a relatively large code rate when they are over few symbols. Thus, although a repetition number increases, a loss of coding gain may not be recovered.
Observation 1: Rel-16 PUSCH repetition type B may have loss of coding gain.       
[image: ]
Figure 1. Illustration of PUSCH repetition type B
As also shown in Figure 1, it would be desirable for a UE to utilize the UL resource in a less fragmented way, so that the better coding gain could be achieved and the impact of multiple fragmented short repetitions could be minimized. 
More specifically, enhancements to the repetition Type B mechanism would be beneficial. One enhancement is that when a symbol length of an actual repetition is not long enough (e.g., no larger than a certain number symbols), a UE can skip the segmentation and keep the nominal repetition as intact as possible. This can result to an actual transmission being across the slot boundary or across unavailable symbols. Using the example in Figure 1, if the symbol length of the actual repetition would be larger than 2, then the actual repetition pattern will become as shown in Figure 2 “proposed situation 1”. Furthermore, the gNB could configure a long duration of PUSCH transmission, i.e., longer than 14 symbols, and then an actual repetition can be over more than 14 symbols. Thus, from a UE perspective, the whole length of the scheduled symbols are for one transmission as shown in Figure 2 proposed situation 2.
Proposal 1: Consider the actual repetition to be across the slot boundary or blank symbols. 
Proposal 2: Consider the length of actual repetition could be larger than 14.
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Figure 2. Illustration of proposed situation for PUSCH repetition type B enhancement.
To enable full flexibility to a gNB to indicate flexible symbols of an UL-DL TDD configuration to be flexible (reserved) symbols or DL symbols while ensuring a desired reception reliability of a PUSCH transmission without additional resource overhead, a UE can determine a number of slots over which PUSCH transmission with repetitions occurs. Using the total number of symbols calculated from the number of nominal repetitions and the number of symbols of a PUSCH transmission per nominal repetition, the UE determines the number of slots needed to transmit PUSCH with actual repetitions. The transmission of PUSCH with repetition may or may not occur with the number of nominal repetitions depending on how many slots the UE is allowed to transmit. For example, the gNB can configure whether the UE transmits an actual number of repetitions to be only in the number of slots configured to the UE for the PUSCH transmission or UE can use additional slots so that the number of symbols for the indicated nominal repetitions is achieved.   

Observation 2: Additional flexibility to the PUSCH transmission with repetitions can be achieved by considering the total number of symbols over a number of slots for a PUSCH transmission with repetitions. 
[bookmark: _GoBack]Proposal 3: Study mechanisms for the gNB to control the length of a PUSCH transmission with repetitions.
Channel estimation enhancements
LTE-eMTC supports Time Domain Reference Signal (TDRS) bundling, namely cross subframe channel estimation, to enhance the channel estimation performance in PUSCH repetitions, where the channel estimation with TDRS bundling is performed across the consecutive slots as in Figure 3. The repetition for coverage enhancement can provide the linear RX energy gain in case of good estimates of the channel. However, the combining performance with PUSCH repetitions depends on the channel estimation performance especially at low SNRs since the channel estimates are severely degraded. Therefore, it is crucial to employ techniques that improve the channel estimation performance in case of PUSCH repetitions for coverage enhancement. Using time domain RS bundling was found to be a very effective method to improve channel estimation and thus coverage. 
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Figure 3. Channel estimation within each slot and across multiple slots
The following link-level simulations have been performed in voice service for rural scenario at 4 GHz carrier frequency, where the simulation assumptions are found in [2]. We focus on the comparison between the channel estimation with and without time domain RS bundling. We consider PUSCH repetition type B with 2 actual PUSCH repetitions and additional 3 re-transmissions, where one actual PUSCH transmission is scheduled with 6 symbols in a special (flexible) slot and another transmission is scheduled with 14 symbols in an UL slot. Figure 4 shows that time domain RS bundling has about 0.6 / 1 dB gain at 0.1 initial target BLER / at 0.02 residual target BLER, respectively.
Proposal 4: Consider enhancements on channel estimation with TDRS bundling. 
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Figure 4. BLER for PUSCH repetition type B with vs. without time domain RS bundling
Frequency domain enhancements
In frequency domain, one of the key techniques for coverage enhancement is the frequency hopping providing the frequency diversity, where the UL transmission changes the resource in frequency domain according to a certain hopping pattern. In case of scheduling the limited frequency resource to increase the power per RE due to coverage limitation, frequency hopping can provide significant frequency diversity. However, in NR Rel-16, either frequency hopping or time domain RS bundling can be applied due to the restriction of the frequency hopping when TDRS bundling is applied. As in LTE eMTC, both frequency diversity and channel estimation gain can be obtained if the frequency hopping allows time domain RS bundling. Hence, it is desirable to enable frequency hopping with TDRS bundling. 
Proposal 5: Study enhancements on frequency hopping with TDRS bundling. 
Due to a power limit at a UE, it is not desirable to assign too many frequency domain resources for a transmission. In such cases, the PSD per RE is reduced, more noise is introduced, and the coding gain saturates resulting to worse performance. In addition, as the received SINR is very low, channel estimation is not accurate and this will degrade the decoding performance. One way to enable PSD boosting is to consider enhancements in frequency domain resource configuration in aspects such as scheduling granularity or resource adaptive determination, etc. Sub-PRB resource allocation was introduced in Rel-15 eMTC to improve UL coverage and increase the UL capacity, for 20 dB coverage extension. With sub-PRB resource allocation in frequency domain, PAPR can be further reduced which will also provide uplink coverage gain.  In NR, although the coverage and data rate targets are different, smaller occupied bandwidth (e.g., 1 or less PRBs) for uplink transmission can also be considered to determine potential gains for scenarios under consideration in NR. On the other hand, in order to maintain sufficient channel coding gain and avoid unnecessary TB segmentation, time domain enhancement, e.g., TTI bundling can also be considered together with smaller occupied bandwidth for uplink transmission. In this case, for a given transmission time, one TB can obtain PSD boosting gain (from channel estimation), channel coding gain (with lower code rate), and some time-domain diversity gain (with one TB span in longer time). 
Proposal 6: Study TTI bundling together with smaller occupied BW for uplink transmission.  
Conclusion
This contribution discusses the potential solutions and techniques for PUSCH coverage enhancement. The proposals and observations made in this contribution are summarized as below: 
Observation 1: Rel-16 PUSCH repetition type B may have loss of coding gain.       
Proposal 1: Consider the actual repetition to be across the slot boundary or blank symbols. 
Proposal 2: Consider the length of actual repetition could be larger than 14.
Observation 2: Additional flexibility to the PUSCH transmission with repetitions can be achieved by considering the total number of symbols over a number of slots for a PUSCH transmission with repetitions. 
Proposal 3: Study mechanisms for the gNB to control the length of a PUSCH transmission with repetitions.
Proposal 4: Consider enhancements on channel estimation with TDRS bundling. 
Proposal 5: Study enhancements on frequency hopping with TDRS bundling. 
Proposal 6: Study TTI bundling together with smaller occupied BW for uplink transmission.  
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