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1.  Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]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

	ZTE
	FR1
	
	1~1.5 dB
	Rural, O2O, 2 DMRS symbols.
Baseline scheme: 4 repetitions with maximum 1 re-transmission (Max 8 transmissions) 
Enhanced scheme: 2 repetitions with maximum 3 re-transmissions (Max 8 transmissions).

	
	
	
	
	



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

	ZTE
	FR1
	
	0.8 dB
	4GHz, ‘DDDSU’ (S: 10D:2G:2U) 
Baseline scheme: 14-symbol PUSCH, MCS#5
Enhanced scheme: 16-symbol PUSCH, MSC#4 

	
	FR1
	
	0.8 dB
	4GHz, ‘DDDSU’ (S: 10D:2G:2U) 
Baseline scheme: PUSCH of 2 repetitions, and the length of each nominal repetition is L=8. 
Enhanced scheme:  Actual repetition can cross slot boundary. The duration of each actual repetition is L=8. 




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

	IITH, IITM, CEWIT, Reliance Jio, Tejas Networks
	FR1
	0.8 dB
	
	2 slots aggregation, TBS based on 2 slots, DDDSU, rural TDL-D, 30ns

	
	
	
	
	



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

	
	
	eMBB
	voice
	

	ZTE
	FR1
	0.5 dB
	
	4GHz, Rural, MCS#2, one DMRS per hop
Baseline scheme: 2 FH positions 
Enhanced scheme: 4 FH positions 

	
	
	
	
	

	
	
	
	
	




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

	ZTE
	FR1
	0.5 dB
	
	4GHz, Urban, MCS#3, one DMRS per hop.
Baseline scheme: Inter-slot FH  
Enhanced scheme: FH per two repetitions and cross-slot channel estimation among two repetitions per hop. 

	
	
	
	
	



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

	ZTE
	FR1
	1.8 dB
	
	4GHz, MCS#5, one DMRS per repetition, 8 repetitions, No FH.
Baseline scheme: No cross-slot channel estimation 
Enhanced scheme: Cross-slot channel estimation 

	
	
	
	
	




Lower DMRS density
	Company
	Frequency Range
	Performance gain
	Key Assumptions

	
	
	eMBB
	voice
	

	ZTE
	FR1
	1 dB
	
	2GHz, 14-symbol PUSCH, one DMRS, DMRS type 1, one port transmission.
Baseline scheme: DMRS type 1, one port transmission, 3 dB power boosting on DMRS RE compared to data RE. 
Enhanced scheme: Only mapping DMRS type 1 on even PRBs, 6 dB power boosting on DMRS RE compared to data RE.

	
	
	
	
	

	
	
	
	
	



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

	IITH, IITM, CEWIT, Reliance Jio, Tejas Networks
	Power boosting for pi/2 BPSK
	3 dB for <50% UL   duty cycle
	

	
	
	6 dB for <25 % UL duty cycle
	



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

	ZTE
	FR1
	2~3 dB
	4GHz, 11 bits UCI
Baseline scheme: PUCCH format 3
Enhanced scheme: Sequence based PUCCH with 2^11 sequences.

	
	
	
	

	
	
	
	



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

	ZTE
	FR1
	Reducing the number of PUCCH repetitions for more than 70% cases. 
	Set the SNR at the required SNR for the case with 11bits UCI and 4 PUCCH repetitions. Collect the instantaneous SNR on each PRB. 
More than 70% of instantaneous SNR on the RBs can satisfy the required SNR of 2 repetitions.

	
	
	
	

	
	
	
	



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

	ZTE
	FR1
	1 dB
	Urban, 4GHz, 4 PUCCH repetitions.
Baseline scheme: Inter-slot FH for PUCCH repetition. 
Enhanced scheme: FH per two repetitions and cross-slot channel estimation among two repetitions per hop. 

	
	
	
	

	
	
	
	



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

	CATT
	One antenna precoder cycling
	1 dB
	Two precoders are applied to consecutive resources in a cycling manner. One antenna port is assumed. 

	IITH, IITM, CEWIT, Reliance Jio, Tejas Networks
	Power boosting for pi/2 BPSK
	3 dB for <50% UL   duty cycle
	

	
	
	6 dB for <25 % UL duty cycle
	




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

	ZTE

	FR1

	2.6dB 
	Rural, 700MHz, O2O, No FH
Baseline scheme: Msg3 PUSCH with one repetition.
Enhanced scheme: Msg3 PUSCH with two repetitions.

	
	
	2.4 dB
	Urban, 4GHz, O2I, No FH
Baseline scheme: Msg3 PUSCH with one repetition.
Enhanced scheme: Msg3 PUSCH with two repetitions.

	
	
	5.2 dB 
	Rural, 700MHz, O2O, No FH
Baseline scheme: Msg3 PUSCH with one repetition.
Enhanced scheme: Msg3 PUSCH with four repetitions.

	
	
	4.7 dB
	Urban, 4GHz, O2I, No FH
Baseline scheme: Msg3 PUSCH with one repetition.
Enhanced scheme: Msg3 PUSCH with four repetitions.

	
	
	0.5dB~ 1.07dB
	Urban, 4GHz, O2I
Baseline scheme: Msg3 PUSCH with 4 repetitions.
Enhanced scheme: Msg3 PUSCH with 4 repetitions and cross-slot channel estimation. 

	
	
	
	

	
	
	
	



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

	ZTE
	SSB
	Increasing the number of SSBs
	1.84 dB
	Rural, 700MHz
Baseline scheme: 4 SSBs
Enhanced scheme: 8 SSBs

	
	PRACH
	PRACH repetition
	3.7 dB
	Urban, 4GHz, O2I
Baseline scheme: one PRACH transmission 
Enhanced scheme: PRACH with 2 repetitions 

	
	
	
	5.2 dB
	Urban, 4GHz, O2I
Baseline scheme: one PRACH transmission 
Enhanced scheme: PRACH with 4 repetitions

	
	
	
	1.7 dB
	Urban, 28GHz, O2I
Baseline scheme: one PRACH transmission 
Enhanced scheme: PRACH with 2 repetitions 

	
	
	
	3.7 dB
	Urban, 28GHz, O2I
Baseline scheme: one PRACH transmission 
Enhanced scheme: PRACH with 4 repetitions

	
	
	PRACH beam sweeping 
	2.5 dB
	Rural, 2GHz
Baseline scheme: 1 PRACH transmission 
Enhanced scheme: 2 PRACH transmission with different beam 

	
	PUCCH with Msg4 HARQ-ACK
	PUCCH repetition 
	3 dB
	Rural, 2GHz, 2Rx, PUCCH format 1, 1 bit
Baseline scheme: one PUCCH transmission 
Enhanced scheme: PUCCH with 2 repetitions 

	
	
	
	6 dB
	Rural, 2GHz, 2Rx, PUCCH format 1, 1 bit
Baseline scheme: one PUCCH transmission 
Enhanced scheme: PUCCH with 4 repetitions

	
	







PDCCH
	







PDCCH repetition
	2.8~3.1 dB
	Rural, 2GHz, 2Tx-2Rx, AL=16
Baseline scheme: one PDCCH transmission
Enhanced scheme: PDCCH with 2 repetitions with separate decoding or joint decoding among 2 repetitions.

	
	
	
	4~5.8 dB
	Urban, 4GHz, 4Tx-4Rx, AL=16
Baseline scheme: one PDCCH transmission
Enhanced scheme: PDCCH with 4 repetitions with separate decoding or joint decoding among 2 repetitions.

	IITH, IITM, CEWIT, Reliance Jio, Tejas Networks
	Msg3
	Power boosting using pi/2 BPSK waveform
	3 dB for <50% UL   duty cycle
	

	
	
	
	6 dB for <25% UL   duty cycle
	

	
	
	
	
	

	
	
	
	
	



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

	ZTE
	Increase the number of repetitions for PUSCH repetition type A

	
Figure. Simulation results for VoIP with different number of repetitions and HARQ re-transmissions
For PUSCH repetition type A in NR Rel-15/Rel-16, in case of collision with DL slots for TDD or BWP switching, the collided PUSCH transmission shall be canceled. So, the actual number of PUSCH repetitions is less than the nominal indicated number of repetitions. Take TDD configuration ‘DDDDDDDSUU’ for instance, only two repetitions can be transmitted even the number of indicated repetitions is 4 or 8. Therefore, the following two schemes are compared, and 1~1.5 dB gain is observed for the enhanced scheme. 
· Baseline scheme: 4 repetitions with maximum 1 re-transmission (Max 8 transmissions) 
· Enhanced scheme: 2 repetitions with maximum 3 re-transmissions (Max 8 transmissions).

	
	Enhancement on PUSCH repetition Type B

	[image: ]
Figure. Cases for PUSCH type B scheduling in frame structure ‘DDDSU’ (S: 10D:2G:2U) 
[image: D:\repetition-RV.jpgrepetition-RV]
Figure. Simulation results for above four scheduling cases in frame structure ‘DDDSU’ (S: 10D:2G:2U) 
The performance of the enhanced Case 3 and Case 4 is similar and both can provide about 0.8 dB gain over the baseline schemes (Case 1 and Case 2). 

	
	Inter-slot FH
	
Figure. Simulation results for inter-slot frequency hopping
The case with 4 hopping positions can provide additional 0.5 dB gain over inter-slot hopping in Rel-15 at target BLER 0.1. The performance gain is expected to be larger at a lower BLER target. 


	
	Inter-slot frequency hopping with inter-slot bundling to enable cross-slot channel estimation

	
Figure 6. Performance of PUSCH with cross-slot channel estimation and frequency hopping
As can be observed, cross-slot channel estimation could provide about 0.5 dB gain for PUSCH with 4 repetitions in urban 4GHz scenario. 

	
	Cross-slot channel estimation
	
Figure. Performance comparison of PUSCH w/ or w/o DMRS sharing in case frequency hopping is disabled
The case with cross-slot channel estimation can provide additional 1.8 dB gain over the baseline case with 8 inter-slot repetitions at target BLER 0.1 in urban scenario. 

	
	Lower DMRS density

	[image: TDL-A-100 BLER2]
Figure. Performance results for lower DMRS density 
About 1 dB gain can be obtained by the enhanced scheme with only mapping DMRS on even PRBs.

	
	
	

	
	
	



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

	ZTE
	DMRS-less PUCCH
	[image: ]
Figure. Performance comparison of sequence based PUCCH and PUCCH format 3
For UCI of 11 bits, sequence based PUCCH can provide about 2~3 dB gain over legacy PUCCH format 3. 

	
	Dynamic PUCCH repetition factor indication
	[image: ]
Figure. Distribution of instantaneous SNR on each RB
A simulation is conducted at an SNR of -12.8dB, which is the required SNR for the case with 11bits UCI and RP=4. The simulation is to get the distribution of instantaneous received SNR at certain RBs (which are assumed to be configured for PUCCH transmission) and to see the percentage of instantaneous received SNR higher than the required SNR for RP=4. From Figure-3, we find that at least 90% of the instantaneous SNR on the RBs assumed to be configured for PUCCH transmission exceed the required SNR and more than 70% cases can be indicated to 2 repetitions instead. Therefore, dynamic repetition should be considered if the instantaneous SNR can be obtained by gNB.


	
	DMRS bundling cross PUCCH repetitions
	[image: ]
Figure. Simulation results for different DMRS patterns with 4 repetitions.
Enhanced scheme: FH per two repetitions and cross-slot channel estimation among two repetitions per DMRS bundle. 
For PUCCH with four repetitions, support of both frequency hopping and DMRS bundling can provide 1 dB gain compared with inter-slot frequency hopping only.

	
	
	

	
	
	

	
	
	



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

	ZTE
	Msg3
	Msg3 repetition
	
Figure. Performance of Msg3 w/ or w/o repetition.
Msg3 PUSCH with 2 and 4 repetitions can provide about 2.6 and 5.2 dB gain respectively compared to one repetition in rural 700MHz scenario. In urban 4GHz scenario, the respective gain is of Msg3 PUSCH with 2 and 4 repetitions is about 2.4 and 4.7 dB.

	
	Msg3
	Msg3 repetition and cross-slot channel estimation
	
Figure. Performance of Msg3 with cross-slot channel estimation
In case inter-slot frequency hopping is disabled, cross-slot channel estimation can be conducted among all 4 repetitions. As can be observed, cross-slot channel estimation could provide 0.88 dB and 1.07 dB gain for Msg3 PUSCH at target BLER 0.1 and 0.01 respectively. 


	
	SSB
	Increasing the number of SSBs
	[image: ]
Figure: Simulation result of beamforming gain for different number of SSBs in 700MHz rural scenario
Beamforming gain under 8 SSBs case has an average 1.84 dB improvement comparing with that 4 SSBs case.

	
	PRACH
	PRACH repetition
	  
Figure: Simulation results of PRACH repetition
The performance of PRACH with 2 and 4 repetitions is about 3.7dB and 5.2dB better than one PRACH transmission respectively in 4GHz urban O2I scenario. For 28GHz urban O2I scenario, about 1.7dB and 3.7dB gain is observed for PRACH with 2 and 4 repetitions respectively. 


	
	
	PRACH beam sweeping
	[image: ]
Figure: Simulation result of PRACH sweeping
By PRACH sweeping with 2 times, average gain with 2.5dB can be obtained comparing with baseline case (i.e., without sweeping). 

	
	PUCCH with Msg4 HARQ-ACK
	PUCCH repetition
	[image: ]
About 3 dB and 6dB gain can be obtained by employing 2 repetitions and 4 repetitions respectively. This could be an effective way for coverage enhancement of PUCCH with Msg4 HARQ-ACK. 

	
	PDCCH
	PDCCH repetition
	[image: ][image: ]
Figure. Simulation results for PDCCH repetition
For PDCCH repetition with separate decoding, average gains with 2.8 dB for 2 repetitions and 4.0 dB for 4 repetitions can be obtained comparing to the baseline case (i.e., without repetition) in rural and urban scenarios. For PDCCH repetition with joint decoding among multiple repetitions, average gains with 3.1 dB for 2 repetitions and 5.8 dB for 4 repetitions can be obtained comparing with baseline case (i.e., without repetition) in rural and urban scenarios. 

	
	
	
	

	
	
	
	




4 repetitions and 1 HARQ ReTx	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	1	0.98922500000000002	0.89272499999999999	0.58843000000000001	0.234515	4.7155000000000002E-2	1.0500000000000001E-2	2.0500000000000002E-3	2 repetitions and 3 HARQ ReTx	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	1	0.99919999999999998	0.98763999999999996	0.88637999999999995	0.59328999999999998	0.23608000000000001	5.2165000000000003E-2	6.0200000000000002E-3	



Rma_4GHz_1T2R_4 repetitons_O2O

4 Repetitions without hopping	-15	-13.5	-12	-10.5	-9	-7.5	0.99038999999999999	0.93194999999999995	0.71216999999999997	0.41313	0.18495	6.0850000000000001E-2	4 repetitions with inter-slot hopping, two frequency hopping positions	-15	-13.5	-12	-10.5	-9	-7.5	0.99839999999999995	0.96036999999999995	0.75821000000000005	0.40392	0.13291	2.962E-2	4 repetitions with inter-slot hopping, four frequency hopping positions	-15	-13.5	-12	-10.5	-9	-7.5	0.99839999999999995	0.95076000000000005	0.74860000000000004	0.35988999999999999	0.10048	1.5610000000000001E-2	4 Repetitions with DMRS sharing	-15	-13.5	-12	-10.5	-9	-7.5	0.99358999999999997	0.93794999999999995	0.74219000000000002	0.44635999999999998	0.20096	7.2859999999999994E-2	4 Repetitions with 2 hops and DMRS sharing in each hop	-15	-13.5	-12	-10.5	-9	-7.5	0.99680000000000002	0.95476000000000005	0.77342	0.44596000000000002	0.17494000000000001	5.0840000000000003E-2	



Uma 4GHz 1T4R 4repetiton O2I

4 Repetitions with inter-slot hopping	-15	-13.5	-12	-10.5	-9	0.97235000000000005	0.73379000000000005	0.30745	5.765E-2	7.6099999999999996E-3	4 Repetitions with 2 hops and DMRS sharing in each hop	-15	-13.5	-12	-10.5	-9	0.94194999999999995	0.60848999999999998	0.19575999999999999	2.5219999999999999E-2	5.1999999999999998E-3	



8 Repetitions

w/o DMRS sharing	-20	-18	-16	-14	-12	-10	-8	-6	1	1	0.99199000000000004	0.81105000000000005	0.30424000000000001	4.8039999999999999E-2	4.0000000000000001E-3	0	w/ DMRS sharing	-20	-18	-16	-14	-12	-10	-8	-6	1	0.996	0.88631000000000004	0.38990999999999998	6.3250000000000001E-2	4.0000000000000001E-3	0	DMRS sharing pattern1, w/ DMRS sharing	-20	-18	-16	-14	-12	-10	-8	-6	1	0.99919999999999998	0.91273000000000004	0.47398000000000001	9.7680000000000003E-2	8.8100000000000001E-3	0	DMRS sharing pattern2, w/ DMRS sharing	-20	-18	-16	-14	-12	-10	-8	-6	1	0.99919999999999998	0.95677000000000001	0.60768999999999995	0.16253000000000001	1.7610000000000001E-2	8.0000000000000002E-3	0	DMRS sharing pattern3, w/ DMRS sharing	-20	-18	-16	-14	-12	-10	-8	-6	1	0.98958999999999997	0.81664999999999999	0.29222999999999999	4.0030000000000003E-2	2.3999999999999998E-3	0	DMRS sharing pattern2, w/ DMRS sharing	-20	-18	-16	-14	-12	-10	-8	-6	1	0.99119000000000002	0.81105000000000005	0.29624	3.363E-2	1.6000000000000001E-3	0	DMRS sharing pattern6, w/ DMRS sharing	-20	-18	-16	-14	-12	-10	-8	-6	1	0.99278999999999995	0.83106000000000002	0.32666000000000001	5.1240000000000001E-2	4.0000000000000001E-3	0	



Rma_700MHz_O2O

Baseline(w/o repetition)	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	1	0.99558999999999997	0.95630999999999999	0.83145999999999998	0.66874	0.47694999999999999	0.28838000000000003	0.13667000000000001	6.3530000000000003E-2	2 Repetitions	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	0.97955999999999999	0.87734999999999996	0.71623000000000003	0.52986	0.33026	0.17154	7.3749999999999996E-2	3.8879999999999998E-2	2.4850000000000001E-2	4 Repetitions	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	0.77885000000000004	0.61217999999999995	0.40705000000000002	0.21634999999999999	0.10417	5.0479999999999997E-2	2.724E-2	1.6830000000000001E-2	8.8100000000000001E-3	



Uma_4GHz_O2I

Baseline(w/o repetition)	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	0.96713000000000005	0.87514999999999998	0.68276999999999999	0.41422999999999999	0.21804000000000001	0.10721	4.9299999999999997E-2	1.503E-2	2 Repetitions	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	0.76432999999999995	0.51343000000000005	0.27295000000000003	0.13908000000000001	6.1719999999999997E-2	2.4049999999999998E-2	8.4200000000000004E-3	0	4 Repetitions	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	0.40064	0.20272000000000001	9.6960000000000005E-2	4.2470000000000001E-2	1.4420000000000001E-2	2.3999999999999998E-3	0	



Uma_4GHz_1T4R_O2I

4 Repetitions without hopping	-15	-13.5	-12	-10.5	-9	0.30464000000000002	0.14932000000000001	7.4459999999999998E-2	3.6830000000000002E-2	1.001E-2	4 Repetitions with inter-slot hopping	-15	-13.5	-12	-10.5	-9	0.23018	8.0060000000000006E-2	2.5219999999999999E-2	6.0000000000000001E-3	1.1999999999999999E-3	4 Repetitions with DMRS sharing	-15	-13.5	-12	-10.5	-9	0.18534999999999999	9.5280000000000004E-2	4.444E-2	1.5610000000000001E-2	2E-3	4 Repetitions with 2 hops and DMRS sharing in each hop	-15	-13.5	-12	-10.5	-9	0.15292	5.8049999999999997E-2	1.281E-2	4.7999999999999996E-3	1E-3	



Uma_4GHz_O2I

Baseline(w/o repetition)	-23	-21	-19	-17	-15	-13	0.36309999999999998	0.13800000000000001	3.2800000000000003E-2	4.4000000000000003E-3	2 Repetitions	-23	-21	-19	-17	-15	-13	0.41589999999999999	0.1686	4.4200000000000003E-2	6.4000000000000003E-3	2.9999999999999997E-4	4 Repetitions	-23	-21	-19	-17	-15	-13	0.18909999999999999	5.3600000000000002E-2	9.9000000000000008E-3	8.0000000000000004E-4	0	



Uma_28GHz_O2I

Baseline(w/o repetition)	-23	-21	-19	-17	-15	-13	-11	0.30159999999999998	0.12239999999999999	3.6299999999999999E-2	5.4999999999999997E-3	1.1000000000000001E-3	2 Repetitions	-23	-21	-19	-17	-15	-13	-11	0.2011	5.5E-2	7.7000000000000002E-3	6.9999999999999999E-4	0	4 Repetitions	-23	-21	-19	-17	-15	-13	-11	0.63129999999999997	0.28029999999999999	6.0999999999999999E-2	7.3000000000000001E-3	0	
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