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At the RAN1#101-e meeting, the following agreements were made for NR coverage enhancement [1]:
Agreements:
· Adopt the following target data rates for eMBB performance evaluation for FR1.
· Urban scenario: DL 10Mbps, UL 1Mbps
· Rural scenario: DL 1Mbps, UL 100kbps
· Rural with long distance scenario: DL 1Mbps, UL 100kbps, [30kbps] (optional)
Agreements:
· For VoIP performance evaluation based on link-level simulation for FR1.
· A packet size of [320] bits with 20ms data arriving interval is adopted.
· FFSTBD: TBS for SIP invite message. Payload of 1500 bytes can be a starting point.
Agreements:
· For link level simulation, adopt the following table for PUSCH and PUCCH for FR1.

	Parameters
	Values

	Scenario and frequency
	Urban: 4GHz (TDD), 2.6GHz (TDD) 
Rural: 4GHz (TDD), 2.6GHz (TDD), 2GHz (FDD), 700MHz (FDD)
Rural with long distance: 700MHz (FDD), 4GHz (TDD) 

	Frame structure for TDD
	DDDSU (S: 10D:2G:2U) only for 4GHz
DDDSUDDSUU (S: 10D:2G:2U) only for 4GHz 
DDDDDDDSUU (S: 6D:4G:4U) only for 2.6GHz
Other frame structures can be reported by companies.

	Pathloss model (select from LoS or NLoS)
	Urban: NLoS
Rural: NLoS and LoS

	BWP
	100MHz for 4GHz and 2.6GHz.
20MHz for 2GHz (FDD
20MHz (optional for 10MHz) for 700MHz. (FDD)

	SCS
	30kHz for TDD, 15kHz for FDD.

	Channel model for link-level simulation
	TDL-C for NLOS, TDL-D for LOS.
[CDL]

	UE velocity
	Urban: 3km/h for indoor
Rural: 3km/h for indoor, 120km/h  (optional 30km/h) for outdoor

	Frequency hopping
	w/ or w/o Intra-slot frequency hopping for PUSCH
w/ frequency hopping for PUCCH is enabled.



· FFS whether there are any additional simulation considerations for the extreme coverage scenarios (e.g., rural)
Agreements:
· For link level simulation, adopt following TBS for Msg3 for FR1
· 56 bits
Agreements
· For link level simulation, adopt the following table for PUSCH for eMBB data or VoIP for FR1.
	Parameters
	Values

	BLER for PUSCH
	For eMBB, 
w/ HARQ, 10% iBLER; 
w/o HARQ, 10% iBLER.

For VoIP, 2% rBLER.

	Number of UE transmit chains for PUSCH
	1，2 (optional) 

	DMRS configuration for PUSCH
	For 120km/h, (Optional: 30km/h): Type I, 2 or 3 DMRS symbol, no multiplexing with data.
For frequency hopping: Type I, 1 or 2 DMRS symbol for each hop, no multiplexing with data.
PUSCH mapping Type and DMRS position are reported by companies.
Working assumption:
For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.

	Waveform for PUSCH
	DFT-s-OFDM, 
CP-OFDM (optional)

	Repetitions for PUSCH
	For eMBB, 
w/o repetition as baseline, 
w/ repetition (optional).  

For VoIP, w/ repetition. 

The actual number of repetitions is reported by companies.
FFS: Repetition type B

	HARQ configuration for PUSCH
	For eMBB, whether HARQ is adopted is reported by companies. 
For VoIP, w/ HARQ.

The maximum number of HARQ transmission (limited by frame structure and latency requirements) can be reported by companies.

	Latency requirements for voice
	50ms/100ms

	PUSCH duration 
	14 OS


Agreements:
· For link level simulation, adopt the following table for eMBB data or VoIP on PUSCH and for PUCCH for FR1.
	Parameters
	Values

	Number of receive antenna elements for BS
	Urban: 192 antenna elements for 4GHz and 2.6GHz, 
(M,N,P,Mg,Ng) = (12,8,2,1,1)
(optional) 128 antenna elements for 4GHz, 
(M,N,P,Mg,Ng) = (8,8,2,1,1)
Rural: 64 antenna elements for 4GHz and 2.6GHz
(M,N,P,Mg,Ng) = (8,4,2,1,1)
32 antenna elements for 2GHz
(M,N,P,Mg,Ng) = (8,2,2,1,1)
16 antenna elements for 700MHz
(M,N,P,Mg,Ng) = (4,2,2,1,1)

	Number of receive TxRUs for BS
	gNB architectures to study for TDL:
· 2 or 4 TXRUs for 2GHz, 700 MHz 
· 64TxRUs for 2.6 and 4 GHz. 
· Optional: 32 TXRUs at 2 GHz
[gNB modeling in LLS for TDL:
· Option 1: 2 or 4 gNB receive chains in LLS (as starting point). FFS: correlation
· Option 2: Number of gNB receive chains = number of TXRUs in LLS. FFS: correlation.]
[gNB architectures to study for CDL: 
· Urban: 64 receive chains for 2.6 and 4 GHz in LLS
· Rural: 8 receive chains for 4GHz and 2.6GHz in LLS
· 4 receive chains for 2GHz and 700MHz in LLS.]
[gNB modeling in LLS for CDL:
 Number of gNB receive chains = number of TXRUs in LLS.]

	Delay spread
	Urban: 300ns
Rural: 300ns
Rural with long distance: 30ns

	PRBs/TBS/MCS for eMBB for PUSCH
	Any value of PRBs, and corresponding MCS index, reported by companies will be considered in the discussion. Companies are encouraged to use 30 PRBs for 1Mbps, 4 PRBs for 100kbps, 1 PRB for 30kbps as a starting point.
TBS can be calculated based on e.g. the number of PRBs, target data rate, frame structure and overhead.

	PRBs/MCS for VoIP for PUSCH
	[4 PRBs] for VoIP as starting point. 
Other values of PRBs can be reported by companies.
QPSK, pi/2 BPSK (optional)



Note: For TDL models, companies report whether antenna array gain, obtained from mapping antenna elements to TXRU, is included in LLS or link budget template. Array gain calculation method and how channel estimation is accounted for is reported by companies
Agreements:
· For link level simulation, adopt the following table for Msg.3 for FR1.

	Parameters
	Values

	Number of PRBs
	2

	Waveform
	DFT-s-OFDM

	Number of DMRS symbol
	w/o frequency hopping: 3,
w/ frequency hopping: 2 for each hop

	PUSCH duration
	14 OS

	Other parameters
	Reported by companies.



In the contribution, we discuss potential techniques for PUSCH coverage enhancement and coverage enhancement for Msg3 PUSCH. Our view on baseline coverage performance for FR1 and FR2 is described in our companion contributions [2] and [3], respectively. In addition, our views on coverage enhancement for PUSCH and other physical channels are described in our companion contributions [4] and [5], respectively.
Techniques for PUSCH coverage enhancement
Based on link budget analysis as presented in our companion contributions [2][3], it is suggested to focus on coverage enhancement for PUSCH and PUCCH format 3. In this section, we discuss potential techniques and present link level simulation results for PUSCH coverage enhancement, including
· Coverage enhancement in time domain 
· Coverage enhancement in frequency domain 
· Coverage enhancement in spatial domain 
· Potential DMRS enhancement 
· Advanced receiver for coverage enhancement 
Coverage enhancement in time domain 
In NR Rel-15, multi-slot based transmission for PUSCH was supported, which can be used to improve the coverage. More specifically, the number of slots for PUSCH repetitions can be 2, 4 or 8. Further, in Rel-16, the number of repetitions can be dynamically indicated in the DCI for scheduling PUSCH. In addition, the maximum number of PUSCH repetitions is increased to 16. To further improve the coverage, one straightforward approach is to increase the number of repetitions for PUSCH. Note that exact values for repetition level may depend on performance target for PUSCH coverage enhancement. 
Figure 1 illustrates link level simulation results for PUSCH with different number of repetitions. The simulation assumptions are described in our companion contribution [6]. Further, in the simulations, it is assumed DFT-s-OFDM waveform and intra-slot frequency hopping for PUSCH. In addition, it is assumed TBS = 136, MCS = 0, 2 DMRS symbols are allocated in each slot and moving speed of 3km/h. 
From the figure, it can be observed that link level performance for PUSCH can be improved by increasing the number of repetitions. More specifically, ~2dB performance gain can be observed when doubling the repetition levels for PUSCH.
 [image: ]
[bookmark: _Ref47080094]Figure 1. Simulation results for PUSCH with repetitions
Observation 1
· ~2dB performance gain can be observed when doubling the repetition levels for PUSCH.
Proposal 1
· It is desirable to increase the number of repetitions for PUSCH to further improve the coverage.

Coverage enhancement in frequency domain
[bookmark: _GoBack]In Rel-15, when inter-slot frequency hopping is enabled, UE transmits the PUSCH in one frequency resource in one slot and switches to another frequency resource in the next available slot. Note that this frequency hopping pattern may need to be further enhanced for PUSCH coverage enhancement. 
For coverage limited scenario, channel estimation is typically a bottleneck in terms of link level performance. This may motivate the implementation of cross-slot channel estimation at the receiver to improve the channel estimation performance. To facilitate the cross-slot channel estimation, frequency resource for uplink transmission during the repetitions may remain the same for certain number of slots in order to allow inter-slot interpolation for channel estimation improvement. 
Figure 2 illustrates one example of enhanced inter-slot frequency hopping pattern for coverage enhancement. In the example, PUSCH transmission occupies the same frequency resource for two slots before it switches to other frequency resources. 
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[bookmark: _Ref39613054]Figure 2. Enhanced inter-slot frequency hopping pattern for coverage enhancement

Figure 3 illustrates link level simulation results for PUSCH with different frequency hopping (FH) patterns. In the simulations, it is assumed TBS = 136, MCS = 0 and 2 DMRS symbols are allocated in each slot. Further, 8 repetitions are used for PUSCH transmission with 1) intra-slot FH, 2) inter-slot FH and 3) enhanced inter-slot FH pattern with 4 consecutive slots in a same frequency resource. In addition, cross-slot channel estimation is employed with a fixed window size of 4 slots.  
From the figure, it can be observed that when employing cross-slot channel estimation, substantial performance gain, i.e., ~0.9dB, can be achieved for enhanced inter-slot frequency hopping pattern, compared to Rel-15 intra-slot and inter-slot frequency hopping pattern.  
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[bookmark: _Ref47530522]Figure 3. Simulation results for PUSCH with different frequency hopping patterns
Observation 2
· When employing cross-slot channel estimation, substantial performance gain, i.e., ~0.9dB can be achieved for enhanced inter-slot frequency hopping pattern, compared to Rel-15 intra-slot and inter-slot frequency hopping pattern. 

Further, when relatively large number of repetitions, e.g., 8 or 16, is applied for PUSCH transmission, number of hops may be increased from 2 to 4, which can further improve the performance by exploiting the benefit of frequency diversity. Note that the performance gain may be more pronounced when a relatively large bandwidth is allocated for UL BWP. 
Figure 4 illustrates link level simulation results for PUSCH when 2 and 4 frequency hops are employed. In the simulation, it is assumed TBS = 136, MCS = 0 and 2 DMRS symbols are allocated in each slot. From the figure, it can be observed that compared to 2 frequency hops, ~1.5dB performance gain can be achieved when 4 frequency hops are used for PUSCH.
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[bookmark: _Ref47517974]Figure 4. Simulation results for PUSCH with different number of hops
Observation 3
· ~1.5dB performance gain can be achieved when 4 frequency hops are employed for PUSCH repetition, compared to 2 frequency hops.
Proposal 2
· Enhanced inter-slot frequency hopping pattern can be considered for PUSCH coverage enhancement.
· [bookmark: _Hlk47088732]For frequency hopping, number of hops can be increased to 4 to further improve PUSCH coverage. 

Another potential solution for coverage enhancement is to employ PSD boosting for uplink transmission with resource allocation less than 1 PRB. In particular, sub-PRB based transmission can be applied for PUSCH, which may follow similar design principle for PUCCH format 4. 
While this option can help in improving the PUSCH link budget with PSD boosting, specification impact on the current uplink scheduling may be non-trivial. Specifically, either additional bit fields for subcarrier-based resource allocation or the pre-DFT sequence index may need to be specified in the DCI format for UL grant. Moreover, modifications to PUSCH DM-RS may also be needed for accurate channel estimation for demodulation of UL transmissions spanning less than 1 PRB bandwidth. In our view, depending on specific overall coverage enhancement target, further study is needed to investigate whether sub-PRB based resource allocation can be considered for PUSCH coverage enhancement. 
Proposal 3
· RAN1 to further study PUSCH transmission with sub-PRB based resource allocation for coverage enhancement.

Coverage enhancement in spatial domain 
When UE is equipped with multiple antennas or multiple panels, several options may be considered for coverage enhancement by exploiting the benefit of spatial diversity:
· Precoder cycling in time: different precoders may be applied for the transmission of PUSCH during repetition. For this option, certain precoder cycling pattern may need to be defined. 
· STBC/SFBC: this Alamouti based scheme can be generally applied for PUSCH transmission. However, certain restriction may need to be considered when DFT-s-OFDM waveform is employed. For instance, SFBC may not be employed for PUSCH transmission with DFT-s-OFDM waveform as it may destroy single carrier property.  
· SORTD: orthogonal resources in time/frequency/code domain may be applied for the transmission of PUSCH in different APs. 
For the above options, careful study is needed for coverage enhancement of uplink transmission while taking into account the link level performance improvement and specification impact. 
Further, for FR2, multi-TRP or multi-beam based uplink transmission may be employed to improve the coverage performance. As shown in Figure 5, different Tx beams can be applied for a first and second part of repetitions, which can help in reducing blockage and improving reliability and link budget of uplink transmission. 
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[bookmark: _Ref39685375]Figure 5. Multi-beam based uplink transmission
Note that as indicated in the FeMIMO WI [7], one of the objectives is to “identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline”. In our view, it is more appropriate to study multi-TRP/multi-beam based uplink transmission under FeMIMO WI, instead of NR coverage enhancement SI/WI. 
Proposal 4
· Multi-TRP/multi-beam based PUSCH transmission for coverage enhancement is studied under FeMIMO WI. 

Potential DMRS enhancement 
As mentioned above, for coverage limited scenario, channel estimation is typically a bottleneck in terms of link level performance. When increasing the reference signal density, channel estimation performance can be improved substantially at the cost of higher coding rate. This indicates that an appropriate tradeoff can be achieved between the channel estimation gain and coding loss. 
In Rel-15, flexible DMRS pattern including high DMRS density, e.g., 4 DMRS symbols for PUSCH was defined. For instance, when dmrs-AdditionalPosition is pos3, and PUSCH transmission duration is 14 symbols, 4 DMRS symbols can be configured for PUSCH transmission. 
Figure 6 illustrates link level simulation results for PUSCH with 2 and 4 DMRS symbols. In the simulation, it is assumed TBS = 136, MCS = 0 and inter-slot frequency hopping. From the figure, it can be observed that for 8 repetitions, 4 DMRS symbols can achieve better link level performance than 2 DMRS symbols.
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[bookmark: _Ref47519627]Figure 6. Simulation results for PUSCH with 2 and 4 DMRS symbols
Observation 4
· For 8 repetitions with inter-slot frequency hopping, 4 DMRS symbols can achieve better link level performance than 2 DMRS symbols for PUSCH. 

Note that when operating at relatively high SNR regime, it may be possible to consider DMRS-less operation in certain slots during PUSCH repetition. In this case, unused DMRS symbols can be allocated for data transmission, which can help reduce code rate and improve PUSCH link budget. Further, advanced receiver including cross-slot channel estimation may need to be implemented in conjunction with DMRS-less scheme to ensure the decoding performance. In our view, careful study is needed to investigate DMRS enhancement, including higher DMRS density and DMRS-less scheme for PUSCH repetition.
Proposal 5
· RAN1 to further study DMRS enhancement including higher DMRS density and DMRS-less scheme. 

Advanced receiver for coverage enhancement  
As mentioned above, advanced receiver including cross-slot channel estimation algorithm may help in improving the channel estimation performance, and hence overall link budget of uplink transmission. This is of primary importance as coverage enhancement solutions are mainly targeted for low SNR regime where channel estimation is typically performance bottleneck. 
Figure 7 illustrates link level simulation results for PUSCH with and without cross-slot channel estimation. In the simulations, it is assumed TBS = 136, MCS = 0 and inter-slot frequency hopping. Further, two algorithms for cross-slot channel estimation are considered in the simulation:
· Sliding window based cross-slot channel estimation: the estimated channels on the DMRS symbols from previous N slots including current slot in a same frequency resource are jointly interpolated by using a 2D-MMSE filter to obtain the channel estimates on the data REs for current slot. In one example, if N = 4, for the first slot, only estimated channels on the DMRS symbols from the first slot are used for channel estimation on the data REs, while for the second slot, estimated channels on the DMRS symbols from the first and second slot are jointly used for channel estimation on the data REs in the second slot, and so on.
· Fixed window based cross-slot channel estimation: The estimated channels on the DMRS symbols from a fixed window size of N slots are all computed and then jointly interpolated by using a 2D-MMSE filter to obtain the channel estimates on the data REs for N slots. In the simulation, it is assumed a fixed window size of 4 slots is used for cross-slot channel estimation.  
From the figure, it can be observed that for PUSCH with 8 repetitions and inter-slot frequency hopping, when employing cross-slot channel estimation algorithm, >1.7dB performance gain can be achieved compared to without cross-slot channel estimation.  
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[bookmark: _Ref47528465]Figure 7. Simulation results for PUSCH with cross-slot channel estimation
Observation 5
· For PUSCH with 8 repetitions and inter-slot frequency hopping, when employing cross-slot channel estimation algorithm, >1.7dB performance gain can be achieved compared to without cross-slot channel estimation.  
· Advanced receiver needs to be considered when evaluating performance for different techniques for coverage enhancement. 

Coverage enhancement for Msg3 PUSCH
As presented in our companion contribution, for rural scenario with long distance with 30km target ISD, uplink transmission needs to be improved including Msg3 for 4-step RACH [2]. Note that as defined in NR, coverage for Msg3 can be improved by employing HARQ retransmission. However, given the nature of contention based RACH procedure, it may be difficult for gNB to schedule Msg3 retransmission as gNB may not know whether UE does not receive RAR UL grant or UE actually transmits Msg3 but gNB fails to decode it. Further, Msg3 retransmission would lead to increased latency for 4-step RACH procedure, which may not be desirable from system operation perspective. 
To address this issue, one straightforward solution is to employ slot aggregation for Msg3 transmission for 4-step RACH. In particular, similar to dynamic indication of aggregation level of PUSCH, the number of repetitions of Msg3 transmission may be explicitly indicated in the RAR UL grant.
Proposal 6
· Msg3 repetition can be considered for coverage enhancement for 4-step RACH procedure. 

Conclusions
In this contribution, we discussed coverage enhancement for PUSCH, with primary focus on techniques for PUSCH coverage enhancement and coverage enhancement for Msg3 PUSCH. Further, we summarize the observations and proposals as follows:
Observation 1
· ~2dB performance gain can be observed when doubling the repetition levels for PUSCH.
Observation 2
· When employing cross-slot channel estimation, substantial performance gain, i.e., ~0.9dB can be achieved for enhanced inter-slot frequency hopping pattern, compared to Rel-15 intra-slot and inter-slot frequency hopping pattern. 
Observation 3
· ~1.5dB performance gain can be achieved when 4 frequency hops are employed for PUSCH repetition, compared to 2 frequency hops.
Observation 4
· For 8 repetitions with inter-slot frequency hopping, 4 DMRS symbols can achieve better link level performance than 2 DMRS symbols for PUSCH. 
Observation 5
· For PUSCH with 8 repetitions and inter-slot frequency hopping, when employing cross-slot channel estimation algorithm, >1.7dB performance gain can be achieved compared to without cross-slot channel estimation.  
· Advanced receiver needs to be considered when evaluating performance for different techniques for coverage enhancement. 
Proposal 1
· It is desirable to increase the number of repetitions for PUSCH to further improve the coverage.
Proposal 2
· Enhanced inter-slot frequency hopping pattern can be considered for PUSCH coverage enhancement.
· For frequency hopping, number of hops can be increased to 4 to further improve PUSCH coverage. 
Proposal 3
· RAN1 to further study PUSCH transmission with sub-PRB based resource allocation for coverage enhancement.
Proposal 4
· Multi-TRP/multi-beam based PUSCH transmission for coverage enhancement is studied under FeMIMO WI. 
Proposal 5
· RAN1 to further study DMRS enhancement including higher DMRS density and DMRS-less scheme. 
Proposal 6
· Msg3 repetition can be considered for coverage enhancement for 4-step RACH procedure. 
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