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Introduction
[bookmark: _GoBack]A study item on NR coverage enhancement was approved [1]. One of objectives of this study item is to identify the performance target for coverage enhancement, and to study the potential solutions for coverage enhancements for the following scenarios and services.
· 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 services for FR1
· eMBB service as first priority and VoIP as second priority for FR2
· LPWA services and scenarios are not included.
· The target channels include at least PUSCH/PUCCH
· Study enhanced solutions, e.g., time domain/frequency domain/DMRS enhancement (including DMRS-less transmissions)
· Study the additional enhanced solutions for FR2 if any
· Evaluate the performance of the potential solutions based on link level simulation
The agreements on PUSCH coverage enhancement are summarized in Appendix B. In RAN1#102e, it was agreed to prioritize the study on performance and specification impacts on time-domain-based solutions and DMRS enhancements for PUSCH enhancements. In this document, we provide our view on potential techniques for PUSCH coverage enhancement. We also provide evaluation results on several PUSCH coverage enhancement techniques.
Discussion
One of key techniques to improve the coverage is repetition. For the channel which requires coverage enhancement, 1) how to utilize/enhance the already specified repetition techniques in poor channel conditions and 2) to improve the efficiency could be the discussion topics. 1) can be more essential part although 2) should not be missed.
Increase the number of repetitions for PUSCH repetition Type A
For the enhancement of the already specified repetition techniques, one of issues would be how to handle the cancellation of the repetition due to DL/UL collision for TDD. In Rel.15 and Rel.16 repetition mechanisms, the actual number of PUSCH repetition can be less than the nominal number of repetition due to the collision with DL slots for TDD and this causes the coverage performance loss of PUSCH. In order to overcome this issue, similar to Rel.13 MTC, the number of repetitions is counted on the basis of available UL slots could be considered. In this mechanism, if higher priority DL or UL are interrupted, how to handle the pending UL transmission is discussion point. If the cost of PDCCH is not high (i.e., no need of the large repetition for PDCCH) and/or such interruption is not so frequent, just another PDCCH is used to request the remaining UL transmission would be more efficient because it can control whether the remaining repetition is sent or not. Therefore, this mechanism should be studied with the consideration of PDCCH overhead. To control whether the remaining number of the repetition is sent or not is important. In addition, if this mechanism is supported, earlier termination to stop repetition in available UL slots should also be studied as not to transmit the remaining number of the repetition is same as earlier termination to stop the repetition. For early termination of PUSCH repetition, DFI specified in Rel.16 NR-U for explicit ACK can be used as the starting point.
Observation 1: The repetition enhancement such that the number of repetitions is counted on the basis of available UL slots is useful if the resource usage of PDCCH needs to be reduced like PDCCH repetition.

Cross-slot channel estimation
In poor channel conditions, the improvement of channel estimation performance is essential. Current specification only allows the channel estimation within a slot because phase continuity between slots at the UE transmitter is not ensured. Therefore, in addition to utilize/enhance the repetition techniques, cross-slot or cross-repetition channel estimation should be studied. To support cross-slot or cross-repetition channel estimation, phase continuity needs to be ensured. In Rel.13 MTC/NB-IoT, just not to transmit anything in SRS symbol can be kept phase continuity as PA is kept but only baseband is off are assumed in SRS symbol. In NR, it is necessary to ask RAN4 in what condition phase continuity can be kept. The example of the condition would be slot boundary, segmentation due to DL symbols or higher priority UL symbols. Our expectation is at least when the transmission power is not changed over the multiple slots except no transmission caused by DL symbol and so on, phase continuity would be kept.
In Rel.15 and Rel.16, same DMRS configuration should be used among slots or repetitions. However, same DMRS pattern in every slot/repetition may not be necessary, especially for stationary scenario. Therefore, if cross-slot/cross-repetition channel estimation is supported, adaptive DMRS transmission, in which DMRS configuration can be different among slots or repetition could also be considered.
Proposal 1: In order to support cross-slot channel estimation, RAN1 asks to RAN4 in what condition phase continuity can be kept.

As the combination of repetition over multiple slots and cross-slot channel estimation would be essential solutions for PUSCH coverage enhancement, the potential enhancement could come down to how to utilize the resource over multiple slot. In the already specified PUSCH repetition techniques, TB processing, DMRS procedure, and coded symbol mapping is based on single slot, and PUSCH (including DMRS and data mapping) sized for a single slot is just repeated over multiple slots. In addition to the enhancement of already specified repetition techniques, new frameworks on how to utilize the resource over multiple slots could be studied, such as symbol-level repetition and TB processing over multi-slot PUSCH.

Symbol-level repetition
In Rel.13 MTC, symbol-level combining among different subframe/slots i.e., combining symbols before the channel estimation as coherent combining among different subframe/slots, is one of the fundamental designs of CE Mode B as stationary UEs can assume the same channel over multiple subframe/slots. On the other hand, in NR coverage enhancement SI, as the target is not limited to stationary UEs, symbol-level combining different subframe/slots may not work well. From symbol-level combining perspective, symbol-level repetition could be studied.
Symbol-level repetition could be considered as one of cross-slot channel estimation techniques combined with TB processing over multi-slot PUSCH. The example of symbol-level repetition is illustrated in Fig.1. In symbol-level repetition, the same OFDM symbol is repeated in N consecutive symbols, where N is the number of repetitions. From the perspective of length of N consecutive symbols, symbol-level repetition can be considered as equivalent function to use lower subcarrier spacing, but just keep the same subcarrier spacing by the symbol level repetition can avoid guard band issue of mixed numerology. This structure is also suitable to perform symbol-level combining. Further potential benefit would be affinity with STBC for further coverage improvement and with CDM for efficiency improvement.

[image: ]
Fig.1: Concept of symbol-level repetition

Figure 2 shows the BLER performance of PUSCH repetition Type A with or without cross-slot channel estimation and symbol-level repetition. The detailed parameters for link level simulation are listed in the Appendix A. The number of repetitions is set to 2. The details of receiver operation for each technique are following.
· PUSCH repetition Type A without cross-slot channel estimation
· 2D MMSE channel estimation is performed in each slot. 
· Data modulation is performed in each slot with channel estimate in the corresponding slot. 
· LLR in each slot is combined for decoding. 
· PUSCH repetition Type A with cross-slot channel estimation
· 2D MMSE channel estimation is performed over multiple slots, i.e., time duration of averaging and interpolation covers multiple slots. 
· Data demodulation is performed in each slot with channel estimate of cross-slot channel estimation. 
· LLR in each slot is combined for decoding. 
· Symbol-level repetition
· Symbol-level coherent combining is performed before channel estimation and data demodulation to improve SINR. 
· 2D MMSE channel estimation is applied to the outcome of the symbol-level combining. This operation is also considered as 2D MMSE channel estimation over multiple slots, i.e., time duration of averaging and interpolation covers multiple slots since the DMRS is mapped over multiple slot as shown in Fig.1. 
· Data demodulation is also performed to the outcome of the symbol-level repetition and the obtained LLR is the input to decoding.
Fig.2 shows that PUSCH repetition Type A with cross-slot channel estimation can achieve the best performance in both indoor and outdoor scenarios. The gain of cross-slot channel estimation is around 1dB in rural indoor scenario and 0.5dB in rural outdoor scenario. Symbol-level repetition can achieve better performance compared to PUSCH repetition Type A without cross-slot channel estimation in rural indoor scenario, while slight degradation is observed in rural outdoor scenario. Considering the DMRS mapping over multiple slots, PUSCH repetition Type A have almost evenly distributed DMRS over multiple slots (duration of repetition). On the other hand, symbol-level repetition cause unevenly distributed DMRS over multiple slots, and this results in less trackability to channel variation. Although SNR of DMRS symbols can be improved by symbol-level combining, since 2D MMSE channel estimation over multiple slots can provide sufficient averaging and interpolation effect, to reuse PUSCH repetition Type A at least for DMRS mapping and apply cross-slot channel estimation seems suitable for DMRS enhancement.
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(a) Rural, indoor (UE velocity of 3 km/h)                        (b) Rural outdoor (UE velocity of 120 km/h)
Fig.2: Evaluation results on cross-slot channel estimation and symbol-level repetition
Observation 2: For the repetition with DMRS enhancement, DMRS distribution over the duration of repetition is important for the trackability to channel variation.
Observation 3: DMRS allocation of PUSCH repetition Type A with cross-slot 2D MMSE channel estimation can provide better averaging and interpolation performance.

TB processing over multi-slot PUSCH
Although the repetition is essential technique to improve the coverage, the potential drawback of repetition is to decrease the data rate. The relationship between target data rate and TBS can be TBS = target data rate × PUSCH duration/T, where T is a scaling factor depending of TDD DL-UL configuration. In case of repetition, the time duration of PUSCH should include all PUSCH repetitions. Then, increasing the number of repetitions will results in larger TBS usage in order to keep target data rate, in which UE may be scheduled with higher MCS or larger frequency domain resource allocation. For UE in poor channel conditions, larger frequency domain resource allocation does not seem to be a reasonable operation due to power-limited condition. On higher MCS, although repetition supports RV cycling, since systematic bits are priority repeated than parity bits, RV cycling with higher MCS may also be an ideal operation. To map coded data of single TBS over multiple slots could avoid the above problems. Following two options were identified.
· Option 1: The single TB, sized for a single slot, but transmitted in parts over multiple slots
· Option 2: The single TB, sized for multiple slots, transmitted over multiple slots
Scheduling single TB over multi-slot is more efficient from coding gain perspective until coding rate is up to around 1/3 for base graph 1 and 1/5 for base graph 2. Therefore, it is preferable to allow varying the TB size according to the number of available slots for TB mapping, i.e., Option 2. Further lower coding rate is realized by the repetition.
Observation 4: Single TB, sized for multiple slots, transmitted over multiple slots could be considered up to 1/3 or 1/5 coding rate. Further lower coding rate is realized by the repetition.

Frequency-domain-based solutions
Frequency hopping enhancement were proposed as a more flexible frequency pattern for mitigating the inter-cell interference, a configurable time domain hopping interval for better channel estimation performance, and a configurable number of hopping locations in the frequency domain for better diversity. In our view, at least configurable time domain hopping interval should be supported if/when cross-slot or cross-repetition channel estimation is supported. The other enhancements may not improve coverage performance. For example, considering larger number of Rx antennas (such as 64 TxRUs), diversity does not provide gain anymore, not only for frequency domain but also for time domain. Therefore, inter-slot/intra-slot frequency hopping with more frequency offset and with more frequency hopping positions could be deprioritized. These solutions may provide gains considering inter-cell/inter-UE diversity for interference randomization. However, since coverage enhancement scenario would be more noise limited, these solutions could be deprioritized.
Observation 5: In the combination with cross-slot/cross-repetition channel estimation, frequency hopping enhancement such as configurable time domain hopping interval should be supported.

Conclusion
In this contribution, we provide our view on PUSCH enhancement. We made following observations and proposals.
Observation 1: The repetition enhancement such that the number of repetitions is counted on the basis of available UL slots is useful if the resource usage of PDCCH needs to be reduced like PDCCH repetition.
Proposal 1: In order to support cross-slot channel estimation, RAN1 asks to RAN4 in what condition phase continuity can be kept.
Observation 2: For the repetition with DMRS enhancement, DMRS distribution over the duration of repetition is important for the trackability to channel variation.
Observation 3: DMRS allocation of PUSCH repetition Type A with cross-slot 2D MMSE channel estimation can provide better averaging and interpolation performance.
Observation 4: Single TB, sized for multiple slots, transmitted over multiple slots could be considered up to 1/3 or 1/5 coding rate. Further lower coding rate is realized by the repetition.
Observation 5: In the combination with cross-slot/cross-repetition channel estimation, frequency hopping enhancement such as configurable time domain hopping interval should be supported.
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Appendix A: Simulation parameters
	General simulation parameters

	Scenario
	FR1, Rural

	Target data rates
	UL: 100kbps

	Frequency
	4 GHz (TDD)

	Frame structure for TDD
	DDDSUDDSUU (S: 10D:2G:2U)

	Pathloss model
	NLOS

	BWP
	100 MHz

	SCS
	30 kHz

	Number of antenna elements for BS
	64 antenna elements

	Number of TxRUs for BS
	64 TxRUs

	gNB modelling in LLS
	4 gNB receive chains

	Channel model
	TDL-C for NLOS

	Delay spread
	300 ns

	UE velocity
	3 km/h for indoor
120 km/h for outdoor

	PUSCH evaluation parameters

	Target BLER
	10% iBLER

	Number of UE transmit chains
	1

	Waveform
	DFT-s-OFDM

	PRBs / TBS / MCS
	4 PRBs for 100 kbps
TBS and MCS is derived based on the number of PRBs, target data rate, frame structure and overhead.
Note: Target data rate is achieved in the case of no repetition. Same PRBs/TBS/MCS are used for repetition case.

	Duration
	14 OFDM symbols

	Frequency hopping
	Disabled

	DMRS configuration
	PUSCH mapping Type A
3 km/h: Type 1, 2 DMRS symbol, no multiplexing with data
120 km/h: Type 1, 3 DMRS symbol, no multiplexing with data

	Repetition
	w/o repetition, 2 repetitions

	HARQ configuration
	w/o HARQ



Appendix B: Agreement in previous meetings
RAN1#102e
Agreement:
· Prioritize the study on the performance and specification impacts on time-domain-based solutions for PUSCH enhancements, including
· Increase the number of repetitions for PUSCH repetition Type A
· PUSCH repetition with non-consecutive slots / on the basis of available slots for TDD
· Note: Whether increasing the number of PUCSH repetition for FDD depends on the outcome of AI8.8.1.1.
· Enhancement on PUSCH repetition Type B
· E.g., actual repetition across the slot boundary, or the length of actual repetition larger than 14 symbols, etc.
· TB processing at least over multi-slot PUSCH
· E.g., single TB, sized for a single slot, but transmitted in parts over multiple slots, or single TB, sized for multiple slots, transmitted over multiple slots, and in conjunction with repetition, etc.
· FFS
· OCC spreading-based repetition
· Symbol-level repetition
· TB interleaving
· RV repetition
· Early termination of PUSCH repetitions

Agreement:
· Study the performance and specification impacts on frequency-domain-based solutions for PUSCH, including
· Inter-slot frequency hopping
· With more frequency offsets
· With more frequency hopping positions
· Inter-slot frequency hopping with inter-slot bundling to enable cross-slot channel estimation
· Enhancements on frequency hopping for PUSCH repetition Type B
· Note that the above inter-slot frequency hopping enhancement can apply for PUSCH repetition Type B.
· Sub-PRB transmission for VoIP
· FFS: Details, e.g., number of tones, multi-slot aggregation
· FFS
· Intra-slot frequency hopping
· With more frequency offsets
· With more frequency hopping positions
· [Note: Appropriate simulation assumptions are expected.]

Agreement:
· Prioritize the study on the performance and specification impacts on DMRS enhancements for PUSCH, including
· Cross-slot channel estimation
· With a lower priority compared with cross-slot channel estimation (i.e., companies are encouraged to study it)
· Lower density
· E.g., DMRS sharing among multiple PUSCH transmissions or lower DMRS density in the frequency domain
· Higher density
· E.g., in time or frequency domain, e.g., 1-comb pattern
· Adaptive configuration
· DMRS balancing among frequency hops

Agreement:
· Study following power-domain-based solution for PUSCH enhancements.
· Waveform design to optimize MPR / A-MPR
· [FDD high power UE]
· Power boosting for pi/2-BPSK
· Note: If a LS to RAN4 (for the last two bullets) is deemed necessary, target sending the LS in the 1st week of RAN1#103e.

Agreement:
· Multiple layer PUSCH transmission with DFT-s-OFDM for PUSCH enhancements can be studied with low priority.
· Study open-loop / closed-loop Tx diversity for PUSCH enhancements with low priority.

Agreement:
· Following solutions are not considered for PUSCH enhancements in this study item in RAN1.
· Enhancements to improve spherical coverage / beam correspondence
· Reflective arrays
· Polarization aspects of the UL and/or DL reference signals
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