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[bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: _Ref129681832]Introduction
In RAN#86 [1], a new SID on NR coverage enhancement was approved for Release 17,where RAN1 agreed to study potential coverage enhancement solutions for specific scenarios for both FR1 and FR2:
	Agreement:
· 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.


To recognize the coverage bottleneck channels, coverage evaluation assumptions and parameters are agreed in the RAN1#101 e-meeting [2], which enables LLS and link budget calculations. Observations of link budget results in our contribution [3] show that coverage of PUSCH should be enhanced. Thus, in this contribution, we focus on potential solutions for coverage enhancement of PUSCH. 
On factors which limit the coverage
1.1 Factor 1: Accuracy of channel estimation
In uplink transmission, the pilot DMRS is configured in each scheduling to enable the base station (BS) to estimate the fading channel and decode the data packet correctly. Once channel estimation based on DMRS is inaccurate especially for weak coverage areas with low SNR of received signals, the system performance of decoding and demodulation would be degraded because an inaccurate channel estimate is used in signal detection, where the LLR (likelihood ratio) value for each received symbol would be inaccurate and the error rate would increase. Additionally, for fading channels with large Doppler frequency shifts and short channel coherence time, more DMRS symbols should be configured to ensure an accurate channel interpolation estimation.
1.2 Factor 2: Overhead of reference signal
As mentioned above, necessary reference signals such as DMRS are configured for each slot to ensure accurate channel estimation and good system performance. However, REs occupied by reference signals would not be used to transmit data, which would degrade the spectrum efficiency. Thus, for coverage with a certain target data rate requirement, a proper reference signal overhead should be considered especially for quasi-static channels with low UE moving speed.
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Figure 1: DMRS configuration with single DMRS symbol and 1 additional DMRS symbol
1.3 Factor 3: Inaccurate scheduling 
Inaccurate scheduling caused by inaccurate channel measurement
According to uplink channel measurements on DMRS or SRS, BS determines the appropriate scheduling parameters for PUSCH transmission. Once a data packet fails, HARQ retransmission can be performed. Usually, there will be gaps between practical scheduling and best scheduling in theory due to measurement inaccuracy and finite MCS levels (finite coding rate values), etc., which would cause resource waste. As shown in Figure 2.3.1-1, to decode current TB (transport block), there is a minimum number of coded bits (in green bar) need to be transmitted (obtained at receiver) and if the scheduled number of coded bits (in black dash bar) is smaller than the minimum number of coded bits, then HARQ retransmissions would be scheduled until the TB is correctly decoded.  For example, in case of the 1st TB, more coded bits (in black dash bar) than required (in green bar) are transmitted due to a lower measured SINR (in black) than practical SINR (in green), which causes some resource waste as shown in the row of accumulated resource waste. Similar resource waste can be observed for the 3rd TB. For the 2nd TB, retransmission is required because insufficient bits are transmitted in 1st transmission due to a higher measured SINR than practical SINR, resulting in some resource waste in retransmission. Totally, to decode above 3 TBs, there is a large accumulated resource waste because of inaccurate channel measurement and scheduling, which would degrade the coverage performance. 
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[bookmark: OLE_LINK6]Figure 2.3.1-1: HARQ retransmission to decode TBS
Inaccurate scheduling caused by inaccurate PH
To determine the appropriate scheduling parameters for UL transmission, power headroom (PH) should be reported to gNB from UE through power headroom report (PHR). However, frequent PHR would consume UL resource, while inaccurate PHR would cause that UE can’t transmit with enough power even using the maximum UE transmission power.
When gNB indicates a MCS according to accurate PHR, the BLER of new transmission with appropriate MCS is about 10%. When gNB indicates an inappropriate MCS according to inaccurate PHR, the BLER of new transmission will higher than 10%. For example, when the real PH is -3dB while the latest PH is 0dB, gNB indicates a MCS according to 0dB PH, where the indicated MCS in terms of SINR is 3dB higher than that of the real SINR. As a consequence, the BLER of new transmission is almost 100% because of the inappropriate MCS, which would degrade spectrum efficiency and result in a larger delay.

1.4 Factor 4: Maximum UE transmission power 
UE power class: To enable proper scheduling, UE will cooperate with BS by reporting UE capability, including UE power class which defines the maximum output power for any uplink transmission within the bandwidth of NR carrier. Typically, there are 3 UE power classes to match the UE hardware capability, namely power class 1 with 31 dBm (used in TDD and CPE), power class 2 with 26 dBm and power class 3 with 23 dBm. Most UEs have power class 3 with very limited uplink transmission power because of RF hardware with low cost, however, this results in limited maximum uplink coverage. 
Besides, SAR (Specific Absorption Ratio) limitation should also be considered to avoid large signal radiation harm to human body. 
1.5 Factor 5: TDD UL-DL configuration
Compared to FDD frame structure, a small UL transmission portion in TDD mode is another key limitation for uplink coverage, such as 4:1, 8:2, 7:3 of DL: UL TDD configurations.
1.6 Factor 6: UL transmission frequency band
[bookmark: OLE_LINK1]Signals at higher frequency bands will experience larger pathloss and penetration loss, thus received signals with very low powers would degrade the channel estimation and demodulation performance. 
1.7 Other factors
Other factors which put limitations on cell coverage can also be studied, such as maximum power reduction, network interference, limited UE antennas, etc.

Potential solutions for coverage enhancement of PUSCH
According to above analyzed key factors which put limitations to PUSCH coverage, we provide following potential solutions for PUSCH coverage enhancement.
1.8 Joint channel estimation
In NR, uplink reference signals such as DMRS are configured in each slot to estimate uplink fading channel at BS. Usually, more reference signals lead to a more accurate channel estimation and improve UL transmission performance. However, symbols occupied by DMRS cannot be used to convey data for DFT-S-OFDM waveform, resulting in degradation of coverage performance. Hence, how to improve channel estimation accuracy without increasing DMRS overhead is interesting for coverage enhancement.
To ensure accurate channel estimation without configuring more reference signals, joint utilization of the DMRS in different slot or scheduling is straightforward. As shown in figure 3.1-1, joint channel estimation of multiple consecutive PUSCH slots can be performed at BS in some circumstances. By combing the overall DMRS of multiple slots, more accurate channel estimation can be achieved.
[image: ]
Figure 3.1-1 Joint channel estimation
Based on the parameter settings in table 3.1-1, we present preliminary simulation results of joint channel estimation under 100kbps and 1Mbps target data rates in figure 3.1-1 and 3.1-2, respectively.
Table 3.1-1 Parameter settings for joint channel estimation 
	Parameters
	Values

	Antenna configuration
	1T 64R 

	Channel model
	TDL-C

	UE speed
	3 km/h

	Delay spread
	300ns

	DMRS configuration per slot
	Type I, max-length=1, 1 DMRS symbol per slot

	DMRS multiple with data
	No


As we can observe that compared to conventional channel estimation based on 1 slot, joint channel estimation of 2 slots and 3 slots with more accurate channel fading information can obtain approximately 1.4 and 2.1 dB gain at 10% BLER, respectively. Thus, joint channel estimation without increasing the DMRS overhead can be regarded as a promising way in PUSCH coverage enhancement and the applicability or conditions of the joint channel estimation can be studied during the SI.  
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Figure 3.1-2 Joint channel estimation with 100kbps target data rate
[image: ]
Figure 3.1-2 Joint channel estimation with 1Mbps target data rate
Observation 1: By joint channel estimation across consecutive PUSCH transmissions, a large coverage gain can be achieved as compared to conventional single slot channel estimation, i.e., 1.4 dB and 2.1 dB SNR gains are obtained at 10% BLER for 2 and 3 slots joint channel estimation, respectively.
Proposal 1: Joint channel estimation across consecutive PUSCH transmissions should be studied.

1.9 Finer granularity transmission
[bookmark: OLE_LINK2]As analyzed in section 2.3.1, for each transport block, there is a minimum number of coded bits that has to be received at BS for the correct decoding. If BS fails to decode current TB at 1st transmission, in current specification, HARQ retransmission will be performed and combining detection of multiple retransmissions will be used. Usually, more bits than expected (the required number of received bits at BS to decode current TB) would be transmitted in HARQ (re)transmissions in reality because practical scheduling cannot match current fading channel state perfectly. Measurement and scheduling deviations either due to inaccurate channel estimation or limited quantized MCS levels, etc., causes resource waste and degrade system performance. To reduce the resource waste, transmission which is more tailored to achieve a minimal number of bits is desirable and will improve coverage. 
According to the parameter settings in table 3.2-1, we provide a transmission mechanism with finer granularities and simulation results are shown in Figure 3.2-1.
Table 3.2-1 Parameter settings for finer granularity transmission
	Parameters
	Values

	Antenna configuration
	1T 2R 

	Channel model
	TDL-C

	UE speed
	3 km/h

	Delay spread
	300ns

	DMRS configuration per slot
	Type I, max-length=1
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Figure 3.2-1 Required SNR gain by finer granularity transmission
Notes on the legends: 
· The legend of 12OS means 12 symbols within one slot is scheduled in each transmission with. TBS=1256 bits, which is regarded as the baseline. 
· [bookmark: OLE_LINK9]The legend of 6OS means 2 transmission occasions within one slot with a granularity of 6 symbols for each transmission. 
· The legend of 4OS means 3 transmission occasions within one slot with a granularity of 4 symbols for each transmission
· The legend of 3OS means 4 transmission occasions within one slot with a granularity of 3 symbols for each transmission
· The legend of 2OS means 6 transmission occasions within one slot with a granularity of 2 symbols for each transmission
· The TBS is kept the same in each transmission for above different scheduling granularities. 
In simulation, MCS 0 with a low code rate is used for the baseline (12OS scheduling granularity in each transmission) to ensure the best baseline performance under coverage enhancement scenarios. A large retransmission number is allowed under the limitation of 50 ms delay. As analyzed in section 2.3.1 that inaccurate scheduling would cause extra bits transmitted than required, which would degrade the coverage performance. To approach the minimum required number of bits with smaller resource waste, (re)transmissions with a finer granularity in HARQ is used to approach the requirement (the minimum number of required bits received at BS) by smaller steps, such as 6OS, 4OS, 3OS and 2OS scheduling granularities. As we can observe from figure 3.2-1, by finer granularity transmission with 6OS in each scheduling, 0.6 dB SNR gain can be obtained compared to the baseline performance at 1Mbps target data rate. However, smaller SNR gains are obtained for other finer scheduling granularities, such as 0.35, 0.15 and -0.1dB for 4OS, 3OS and 2OS scheduling granularities, respectively. The reason for the gain decrease of finer transmission with 4OS, 3OS and 2OS might result from the large DMRS overhead, because at least 1 DMRS symbol is configured for each scheduling, where the DMRS overhead could be as high as 50% for 2OS scheduling.
[bookmark: OLE_LINK8]Observation 2: By finer granularity of (re)transmission, a better coverage performance could be obtained while the large DMRS overhead in each finer granularity (re)transmission would degrade the coverage performance.
[image: ]
Figure 3.2-2 Required SNR gain by finer granularity transmission with shared DMRS
To reduce the large DMRS overhead in multiple (re)transmissions with finer granularity, we assume that multiple transmissions within one slot can share the same DMRS of the 1st transmission while none DMRS is configured for other (re)transmissions. As shown in figure 3.2-2, a larger SNR gain can be obtained by a finer granularity transmission, such as 1.4 dB gain for 2OS scheduling as compared to the baseline of 12OS scheduling at 1Mbps target data rate.
Observation 3: PUSCH transmissions with finer granularity and shared DMRS among multiple PUSCH (re)transmissions can achieve an obvious SNR gain compared to the baseline (a scheduling granularity of 12OS) at 1Mbps target data rate, such as 1.4dB gain can be obtained by the finer granularity scheduling of 2OS.
Proposal 2: Mechanism to reduce resource waste in HARQ (re)transmissions should be studied, such as PUSCH (re)transmissions with finer granularities and shared DMRS among multiple PUSCH retransmissions to reduce DMRS overhead.
1.10 FDD higher UE power transmission
Due to the large pathloss and penetration loss, transmission power is a key factor on uplink coverage. In RAN4 document [4], the average uplink transmission power is limited due to UE capability and consideration of radiation harm to human body where regulators put limitations to radiation power. Generally, 3 power classes are defined, namely 31 dBm (only for n14 carriers), 26 dBm (only for n41, n74, n78, n79) and 23 dBm. 
High power is introduced for UE in TDD mode and EN-DC mode, however, for FDD mode, high power mode is not defined yet. For coverage limited scenario, power is the most valuable resource for uplink transmission. In TDD mode, due the TDD configuration, the maximum time ratio of actual transmission for UE is less than 50% so that the average power is no more than 23 dBm. For FDD mode, the UE can transmit continuously while the average transmission power is still limited to 23 dBm. In reality, the uplink traffic is burst buffer traffic, and there could be no uplink transmission during a long time. For example, the inactive time for voice services. For the burst buffer traffic, during the uplink transmission period, the UE can use a higher power to boost the coverage without exceeding the 23 dBm in average. If the maximum power during the transmission is boosted to 26 dBm, the UE could have 3 dB coverage gain. However, this is not applicable to full buffer traffic with a long transmission time and a TDD pattern can be applied to limit the average uplink power. In this case, the coverage gain would less than 3 dB due to unavailable transmission time, but there is still coverage gain due to the power concentration as illustrated in the following figure. 
To evaluate the performance of FDD higher UE power transmission, we present a simplified simulation of a TDD-like pattern where the first 4 slots have twice the power of the baseline simulation, and the next 4 slots have zero power. This simple example gives approximately 1dB SNR gain at 10% BLER. 
[image: ]
Figure 3.3-1 Simulation results of instant higher power transmission
Observation 4: A large SNR gain is obtained by FDD higher power transmission as compared to original repetitions, e.g. 1 dB SNR gain at 10% BLER.
[bookmark: _GoBack]
In light of the above analysis, we have the following proposal:
Proposal 3: Study FDD higher power UE for PUSCH coverage enhancement

Conclusions 
In this contribution, we provide overview on possible RAN1 specification impact on the identified solutions. Based on the discussion, we have the following observations and proposals:
Observation 1: By joint channel estimation across consecutive PUSCH transmissions, a large coverage gain can be achieved as compared to conventional single slot channel estimation, i.e., 1.4 dB and 2.1 dB SNR gains are obtained at 10% BLER for 2 and 3 slots joint channel estimation, respectively.
Observation 2: By finer granularity of (re)transmission, a better coverage performance could be obtained while the large DMRS overhead in each finer granularity (re)transmission would degrade the coverage performance.
Observation 3: PUSCH transmissions with finer granularity and shared DMRS among multiple PUSCH (re)transmissions can achieve an obvious SNR gain compared to the baseline (a scheduling granularity of 12OS) at 1Mbps target data rate, such as 1.4dB gain can be obtained by the finer granularity scheduling of 2OS.
Observation 4: A large SNR gain is obtained by FDD higher power transmission as compared to original repetitions, e.g. 1 dB SNR gain at 10% BLER.

Proposal 1: Joint channel estimation across consecutive PUSCH transmissions should be studied.
Proposal 2: Mechanism to reduce resource waste in HARQ (re)transmissions should be studied, such as PUSCH (re)transmissions with finer granularities and shared DMRS among multiple PUSCH retransmissions to reduce DMRS overhead.
Proposal 3: Study FDD higher power UE for PUSCH coverage enhancement
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