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[bookmark: _GoBack]1.  Introduction
[bookmark: OLE_LINK8][bookmark: OLE_LINK5]As per the guidance of Chairman, there is following email discussion:
 [102-e-Post-NR-CovEnh-02] Email discussion/approval of link budget template, initial collection of simulation results for baseline and enhancements - Yosuke (Softbank)/Marco (Nokia)/Jianchi (CT)/Yi (Qualcomm)/Xianghui(ZTE)
· Phase 1 (9/9 to 9/29): link budget template
· Phase 2 (9/30 to 10/14): initial collection of simulation results for baseline
· Phase 3: (10/12 to 10/21): initial collection of simulation results for enhancements
This contribution is a summary of Phase 3: initial collection of simulation results for enhancements.
2.	 Simulation results for PUSCH enhancements
2.1 Time domain based solutions
Increase the number of repetitions for PUSCH repetition type A
	Company
	Frequency Range
	Performance gain
	Key Assumptions

	
	
	eMBB
	voice
	

	China Telecom
	FR1
	
	3.2 dB
	DDDSUDDSUU, O2I, repetitions counted on the basis of available UL slots

	
	
	
	4.0 dB
	DDDSUDDSUU, VoIP, O2O, repetitions counted on the basis of available UL slots

	
	
	
	
	

	
	
	
	
	



Enhancement on PUSCH repetition Type B
	Company
	Frequency Range
	Performance gain
	Key Assumptions

	
	
	eMBB
	voice
	

	China Telecom
	FR1
	
	0.8 dB
	DDDSUDDSUU, O2I/O2O, across slot boundary, length > 14 OS

	
	
	
	
	

	
	
	
	
	




TB processing at least over multi-slot PUSCH
	Company
	Frequency Range
	Performance gain
	Key Assumptions

	
	
	eMBB
	voice
	

	China Telecom
	FR1
	
	1.0 dB
	DDDSUDDSUU, O2I, TBS based on 4 slots

	
	
	
	0.6 dB
	DDDSUDDSUU, O2O, TBS based on 4 slots

	
	
	2.7 dB
	
	DDDSUDDSUU, rural, O2O, TBS based on 4 slots

	
	
	
	
	

	
	
	
	
	



2.2 Frequency domain based solutions
Inter-slot frequency hopping
	Company
	Frequency Range
	Performance gain
	Key Assumptions

	
	
	eMBB
	voice
	

	
	FR1
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	FR2
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	




Inter-slot frequency hopping with inter-slot bundling to enable cross-slot channel estimation
	Company
	Frequency Range
	Performance gain
	Key Assumptions

	
	
	eMBB
	voice
	

	China Telecom
	FR1
	
	0.5 dB
	FDD, O2I, 2 slots bundling

	
	
	
	
	

	
	
	
	
	



Enhancements on frequency hopping for PUSCH repetition type B
	Company
	Frequency Range
	Performance gain
	Key Assumptions

	
	
	eMBB
	voice
	

	
	FR1
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	FR2
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



Sub-PRB transmission for VoIP
	Company
	Frequency Range
	Performance gain
	Key Assumptions

	
	
	eMBB
	voice
	

	China Telecom
	FR1
	
	0.8 dB
	DDDSUDDSUU, O2O, half PRB and 8 slots

	
	
	
	
	

	
	
	
	
	




2.3 DM-RS enhancements
Cross-slot channel estimation
	Company
	Frequency Range
	Performance gain
	Key Assumptions

	
	
	eMBB
	voice
	

	China Telecom
	FR1
	0.4 dB
	
	DDDSUDDSUU, rural O2I, 2 slots

	
	
	0.8 dB
	
	FDD, rural O2I, 2 slots

	
	
	
	
	

	
	
	
	
	




Lower DMRS density
	Company
	Frequency Range
	Performance gain
	Key Assumptions

	
	
	eMBB
	voice
	

	
	FR1
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	FR2
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



Higher DMRS density
	Company
	Frequency Range
	Performance gain
	Key Assumptions

	
	
	eMBB
	voice
	

	China Telecom
	FR1
	0.5 dB
	
	DDDSUDDSUU, urban O2I, 1-comb DM-RS

	
	
	1.5 dB
	
	DDDSUDDSUU, rural O2O, 1-comb DM-RS

	
	
	
	
	

	
	
	
	
	



Adaptive DMRS configuration
	Company
	Frequency Range
	Performance gain
	Key Assumptions

	
	
	eMBB
	voice
	

	
	FR1
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	FR2
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



DM-RS balancing among frequency hops
	Company
	Frequency Range
	Performance gain
	Key Assumptions

	
	
	eMBB
	voice
	

	
	FR1
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	FR2
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



2.4 Other solutions for PUSCH coverage enhancements
	Company
	Solutions
	Performance gain
	Key Assumptions

	
	
	eMBB
	voice
	

	China Telecom
	Enhanced intra-slot frequency hopping
	
	1.8 dB
	DDDSUDDSUU, O2O

	
	
	0.4 dB
	
	DDDSUDDSUU, rural O2I



3.  Simulation results for PUCCH enhancements
3.1 Prioritized solutions
DMRS-less PUCCH
	Company
	Frequency Range
	Performance gain
	Key Assumptions

	
	FR1
	
	

	
	
	
	

	
	
	
	

	
	FR2
	
	

	
	
	
	

	
	
	
	

	
	
	
	



PUSCH-repetition-Type-B like PUCCH repetition at least for UCI <=11 bits
	Company
	Frequency Range
	Performance gain
	Key Assumptions

	
	FR1
	
	

	
	
	
	

	
	
	
	

	
	FR2
	
	

	
	
	
	

	
	
	
	

	
	
	
	




(Explicit or implicit) Dynamic PUCCH repetition factor indication
	Company
	Frequency Range
	Performance gain
	Key Assumptions

	
	FR1
	
	

	
	
	
	

	
	
	
	

	
	FR2
	
	

	
	
	
	

	
	
	
	

	
	
	
	



DMRS bundling cross PUCCH repetitions
	Company
	Frequency Range
	Performance gain
	Key Assumptions

	
	FR1
	
	

	
	
	
	

	
	
	
	

	
	FR2
	
	

	
	
	
	

	
	
	
	

	
	
	
	



3.2 Other solutions for PUCCH coverage enhancements
	Company
	Solutions
	Performance gain
	Key Assumptions

	
	
	
	

	
	
	
	




4.  Simulation results for enhancements on other channels / signals
Msg3 PUSCH repetition
	Company
	Frequency Range
	Performance gain
	Key Assumptions

	
	FR1
	
	

	
	
	
	

	
	
	
	

	
	FR2
	
	

	
	
	
	

	
	
	
	

	
	
	
	



For evaluation results of other enhancements for Msg3 other than Msg3 repetition or enhancements for other channels/signals including PBCH, unicast/broadcast PDCCH, PDSCH, PRACH, A-CSI and PUCCH with HARQ-ACK for Msg4 etc., please include in the following table:

	Company
	Channels/Signals
	Solutions
	Performance gain
	Key Assumptions

	
	
	
	
	

	
	
	
	
	



5.  Reference
[1] RAN1 Chairman’s Notes of RAN1#102-e

6.  Agreements
[bookmark: _Hlk48920876]Agreements:
· Capture the following updated structure in TR 38.830.
6.1	PUSCH coverage enhancements	
6.1.1	Time-domain based solutions
6.1.2 	Frequency-domain based solutions
6.1.3	DM-RS enhancements
6.1.4 	Power-domain based solutions
6.1.5 	Spatial-domain based solutions
6.1.6	Others
Agreements:
· 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 PUSCH repetition for FDD depends on the outcome of AI 8.8.1.1.
· 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

Agreements:
· 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

Agreements:
· Prioritize the study on the performance and specification impacts on DM-RS 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., DM-RS 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
· DM-RS balancing among frequency hops

Agreements:
· 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.

Agreements:
· 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.]

Agreements:
· 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#103-e

[bookmark: _Hlk49248398]Agreements:
Contingent on all of the outcome of sub-agenda 8.8.1 regarding PUCCH enhancements, prioritize the study of the following schemes for PUCCH coverage enhancement,
· DMRS-less PUCCH
· FFS: design detail for DMRS-less PUCCH, e.g., sequence based PUCCH transmission, v.s. reuse Rel-15 scheme to transmit UCI without DMRS 
· Rel-16 PUSCH-repetition-Type-B like PUCCH repetition at least for UCI <=11 bits. 
· (Explicit or implicit) Dynamic PUCCH repetition factor indication
· DMRS bundling cross PUCCH repetitions
· Including study of transmitting a subset of PUCCH repetitions without DMRS, at least for UCI<=11 bits
Note 1: other schemes are not excluded. 
Note 2: the study on DMRS bundling for PUCCH repetition can be a joint study with DMRS bundling for PUSCH repetition studied under 8.8.2.1.
Note 3: Companies are invited to report details of the receivers used in the evaluation. Advanced receiver can be included (not mandatory) in performance evaluations. Performance and receiver complexity are discussed respect to a baseline Rel-15/16 PUCCH scheme. 
Note 4: proposed PUCCH repetitions scheme shall account for the resources used by PUSCH to meet the throughput target and should be compared against Rel-15/16 PUCCH repetition framework. 
[Note 5: enhancement on one or more PUCCH formats/UCI types may or may not be needed, depends on the outcome of sub-agenda 8.8.1]

Agreements:
 Deprioritize the study of the following schemes for PUCCH coverage enhancement
· UE Antenna configuration enhancement for FR2
· Relay (including sidelink relay)
· Reflective arrays

Agreements: 
Contingent on all of the outcome of sub-agenda 8.8.1 regarding PUCCH enhancements, the following schemes for PUCCH coverage enhancement can be further studied
· Sequence based PF 0/1 with Pi/2 BPSK
· Pre-DFT data-RS multiplexing for PF2 with Pi/2 BPSK
· UCI size reduction 
· Freq hopping enhancement for PUCCH
· Short/mini-slot PUCCH repetition
· Power control enhancement for PUCCH (including power boost for pi/2 BPSK)
· Increase maximum # allowed repetitions for PUCCH
· PUCCH Transmit diversity scheme
· Symbol-level repetition for long PUCCH
· Split UCI payload on short and long PUCCH on adjacent S and U slots
· Potential higher DMRS density for PUCCH with repetitions

Conclusion: 
For the performance evaluation of PUCCH coverage enhancement schemes under 8.8.2.2, use PUCCH simulation assumptions agreed under 8.4.1 in RAN1#101e as a baseline. Companies are encouraged to report additional simulation parameters/assumptions particular to their proposed schemes together with the simulations results in RAN1 #103e.

Agreements:
· Study Msg3 PUSCH enhancement in NR coverage enhancement SI
· Study at least Msg3 PUSCH repetition
· FFS the aspects to be enhanced, e.g., signaling indication, repetition pattern, interplay between Msg1 and Msg3, DM-RS enhancements related to repetition etc.
· FFS multiple-antenna techniques.

Agreements:
· Study whether or how to enhance MsgA PUSCH in NR coverage enhancement SI 

Agreements:
If PRACH enhancement is needed, study it in NR coverage enhancement SI, e.g. multiple PRACH transmissions.

Agreements:
Study whether/how to enable potential techniques for early CSI and/or beam refinement for physical channels during initial/random access procedure.

Agreements:
· If PDCCH enhancement is needed based on evaluation, study PDCCH enhancement for NR coverage enhancement 
· Study at least for broadcast PDCCH
· For broadcast PDCCH, it includes a PDCCH monitored in a Type0/0A/1/2-PDCCH CSS set.
· FFS unicast PDCCH
· Study the aspects to be enhanced, e.g., PDCCH repetition.

Agreements:
Further discuss the evaluation of PDSCH and discuss whether/how to enhance PDSCH in NR coverage enhancement SI. 

Agreements:
Enhancement to PUSCH scheduled by RAR UL grant will not consider the optimization specific for CFRA case in NR coverage SI.

Agreements:
· Capture the following structure in TR 38.830.
6.3 	Coverage enhancements for channels other than PUSCH and PUCCH
6.3.1 	Enhancements for Msg3 PUSCH
· Note: The above structure can be further updated by adding more sections under section 6.3 for other enhancements if justified.

7.		Appendix
7.1 Detailed simulation results for PUSCH enhancements
Companies can provide the detailed simulations results with figures/curves in the appendix.
	Company
	Solution
	Detailed simulation results

	China Telecom
	Repetitions counted on the basis of available UL slots
	[image: ]
 Fig.1-1 O2I
[image: ]
Fig.1-2 O2O

	
	Enhanced repetition type B: PUSCH transmission can across the slot boundary and the length of PUSCH transmission can be larger than 14 symbols
	[image: ]
Fig.2-1 O2I

[image: ]
Fig.2-2 O2O

	
	TBS is determined based on multiple slots, different segment is transmitted in each slot
	[image: ]
Fig.3-1 O2I

[image: ]
Fig.3-2 O2O

[image: ]
Fig.4 eMBB

	
	Enhanced intra-slot frequency hopping
	[image: ]
Fig.5-1 eMBB

[image: ]
Fig.5-2 VoIP

	
	Inter-bundle frequency hopping
	[image: ]
Fig.6

	
	Sub-PRB transmission
	[image: ]
Fig.7

	
	Cross-slot channel estimation
	[image: ]
Fig.8-1 TDD (DDDSUDDSUU)

[image: ]
Fig.8-2 FDD

	
	Higher DM-RS density, 1-comb DM-RS
	[image: ]
Fig.9-1 Urban scenario
[image: ]
Fig.9-2 Rural scenario



7.2 Detailed simulation results for PUCCH enhancements
Companies can provide the detailed simulations results with figures/curves in the appendix.
	Company
	Solution
	Detailed simulation results

	
	
	

	
	
	

	
	
	



7.3 Detailed simulation results for enhancements on other channels / signals
Companies can provide the detailed simulations results with figures/curves in the appendix.
	Company
	Channel
	Solution
	Detailed simulation results
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