3GPP TSG RAN WG1 #103-e	                                          R1-2008026
e-Meeting, October 26th – November 13th, 2020
Agenda item:	8.8.2.1
Source: 	CMCC
Title: 	Discussion on the PUSCH coverage enhancement
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
At the RAN1#102e meeting, the PUSCH coverage enhancements were discussed. And several agreements had been achieved during the meeting. The enhancements for PUSCH coverage are divided into a few aspects and captured in the TR.
[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
And the agreements related to time-domain based solutions and DM-RS enhancements are as below,
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:
· 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
In this contribution, we provide our considerations on the time domain enhancements and simulation results related with DMRS enhancements.
Discussion on Time-domain based solutions
Enhancement of PUSCH repetition Type A
For Rel-15/16 PUSCH repetition Type A, the same symbol allocation is applied across the K consecutive slots. Considering the TDD frame structure containing special slots and full UL slots, which have different numbers of available symbols for PUSCH transmission, the current same symbol allocation restriction in consecutive slots may decrease the utilization of all UL symbols for PUSCH repetition. For example, considering the 2.6GHz TDD band, the frame structure is DDDDDDDSUU and the symbol structure of S slot is 6D:4S:4U, if the symbol allocation of PUSCH repetition Type A in one slot is all 14 UL symbols, only the last two full UL slots in one TDD periodicity can be used to transmit PUSCH. In comparison, if gNodeB wants to utilize the S slot for PUSCH repetition Type A, only maximum 8 symbols can be allocated and the 6 symbols in last two full UL slots are wasted. Therefore, applying different symbol allocations in different slots is one simple way to utilize the available symbols more efficiently for PUSCH repetition Type A in TDD, especially considering the utilization of S slot. For example the 2.6GHz frame structure above, PUSCH with 8 symbols containing 4 S symbols and 4 U symbols can be applied in the S slot, and PUSCH with 14 symbols can be applied in the last two full UL slots.
Proposal 1: 
Different symbol allocations applied in different slots for PUSCH repetition Type A can be supported.
Non-consecutive PUSCH repetition
In Rel-15/16 PUSCH repetition Type A and Type B, the PUSCH is transmitted on consecutive available UL slots or symbols. As the analyses in our company’s contribution [1][2], more repetition number can be introduced to improve the PUSCH coverage performance. If larger number of PUSCH repetition is still transmitted on consecutive available UL slots or symbols, the limited UL resources in TDD may be occupied by one UE continuously, especially considering the scenario of RedCap UEs, which the smaller bandwidth e.g., 20MHz for FR1 cannot schedule too many FDMed PUSCHs for different RedCap UEs. In addition, if the consecutive PUSCH transmission overleaps with long PUCCH repetition, UE will drop PUSCH in the overlapped slots, which may cause PUSCH re-transmission. One simple way to solve the continuous UL resources occupation and PUSCH dropping when collided with PUCCH repetition, is PUSCH repetition on non-consecutive physical available resources. For example, for one UE, although there is 4 consecutive available UL slots for PUSCH repetition, it can be configured to transmit PUSCH only on 2 UL slots. In addition, gNodeB can configure another UE’s PUSCH repetition on the other 2 UL slots. Therefore, PUSCH repetition on non-consecutive physical available resources for PUSCH transmission can be supported, and the non-consecutive PUSCH repetition can be both Type A and Type B.
Proposal 2: 
PUSCH repetition on non-consecutive physical available resources for PUSCH transmission can be supported, both PUSCH repetition Type A and Type B can be considered.
PUSCH Early termination
As the discussion above, increase repetition number of PUSCH repetition can be applied to improve PUSCH coverage performance, another issue to be considered is PUSCH early termination. In Rel-15/16 the repetition number for PUSCH repetition Type A is configured by RRC signaling, but the channel state may be changed during the PUSCH repetition procedure, which causes gNodeB receiving the PUSCH correctly before the configured repetition number. If UE continuously transmit PUSCH, the UL resources are wasted and also causes unnecessary UE power consumption. Considering the smaller bandwidth for RedCap UE, e.g., 20MHz for FR1, the waste of UL resources may cause more decrease of network resources utilization. Therefore, we think early termination of PUSCH repetitions can be supported to reduce unnecessary network UL resource occupation and reduce unnecessary UE power consumption.
Proposal 3: 
Early termination for PUSCH repetitions can be supported to reduce unnecessary network UL resource occupation and reduce unnecessary UE power consumption.
Evaluations on DM-RS enhancements
It was agreed in the last meeting, cross-slot channel estimation has a high priority and the solutions related with DM-RS configuration modification has a lower priority. In this section, both the performance of cross-slot channel estimation and the reduced density of DM-RS are evaluated. The simulation assumptions are in the Annex, which is based on the agreements from #101e and #102e. 
The frame structure of 2.6GHz TDD band is considered, which contains 7D1S2U slots and 6D:4S:4U symbols within the special slot. Multiple transmission slot configurations and MCS levels are considered in the simulations. And the receiver sensitivity is considered as the main metric.
eMBB scenario
	Case #
	MCS
	Slots used for transmission
	DMRS pattern in time domain
	Channel estimation 
	10% iBLER required SNR (dB)
	Achieved data rate (Mbps)

	1 (baseline )
	5
	2 slots
	2 per slot
	single slot
	-4.3
	1.296

	2
	5
	2 slots
	2+2
	cross-slot
	-4.72
	1.296 

	3
	5
	2 slots
	1+1
	cross-slot
	-4.65
	1.382

	4 (baseline)
	4
	2 slots
	2 per slot
	single slot
	-5.46
	1.04

	5
	4
	2 slots
	2+2
	cross-slot
	-5.85
	1.04

	6
	4
	2 slots
	1+1
	cross-slot
	-5.70
	1.126

	7
	3
	2 slots
	1 per slot
	single slot
	-6.25
	0.912

	8
	3
	4 symbols +2slot
	1+1+1
	cross-slot
	-6.68
	1.0256

	9
	3
	4 symbols +2slot
	1+2+2
	
	NA
	0.948



Case#1 and case #4 are the baselines using 2 uplink slots to fulfill the 1Mbps PUSCH requirements with MCS #5 and MCS #4. And within the MCS#5, cross-slot channel estimation is used in case #2 while channel estimation within single slot is used in case #1. In case #3, single DMRS symbol within one slot is considered to reduce the overhead and cross-slot channel estimation is also used to improve the demodulation. In case #3, higher data rate could be achieved. Case #4 to #6 are similar with case #1 to case #3. 
From the comparison between case #1 and #2, #5 and #6, it could be observed that the cross-slot channel estimation could be around 0.4 dB for PUSCH eMBB traffic.
Observation 1:
0.4 dB gain could be achieved through the cross-slot channel estimation over 2 slots for PUSCH eMBB traffic. 
For case #8, a special slot with 4 symbol uplink and 2 full slots is considered with MCS #3 to fulfil the 1Mbps uplink requirement. Due to additional 4 symbols and lower density DMRS in time domain, a lower MCS order could be used compared with case #1 and #4, which means lower sensitivity and an extended coverage. Compared with MCS#4 with 2 slot transmission without cross-slot channel estimation, case #8 could achieve 1.22 dB coverage gain. In this case, only reducing the DMRS density or utilization of resources in the special slot will node fulfil the data rate requirements, as shown in case #7 and #9.
Observation 2:
In addition to the cross-slot channel estimation, a lower DMRS density and fully utilized sources in special slot could improve the coverage of PUSCH. And about 1.22 dB coverage gain could be achieved.
Proposal 4:
Fully use of resources in the special slot should be considered for the PUSCH coverage enhancement.
The reduced DM-RS density could spare more sources for PUSCH transmission and improve the coverage. And the cross-slot channel estimation could be used to supplement the performance loss due to the lower density of DMRS, especially in the low mobility scenarios. The combination of low density of DMRS and cross-slot channel estimation could bring significant gains as show in case #8. 
Proposal 5:
A reduced DM-RS density could spare more resources for PUSCH to improve the coverage. 
Besides that, UEs may not always locates at the cell edge and need the coverage enhancement. An adaptive configuration of DMRS could enhance the flexibility. When the UE locates at the cell edge, the lower density of DMRS and the cross-slot channel estimation could be activated to enhance the coverage. And when the UE locates in the cell center, the feature of coverage enhancement could be deactivated.
Proposal 6: 
An adaptive configuration of DMRS could improve the operation flexibility according to different scenarios.
Proposal 7: 
The lower density and adaptive configuration of DMRS should be prioritized. 

Conclusions
In this contribution, we provide our considerations on the time domain enhancements and simulation results related with DMRS enhancements. The observations and proposals are as below.
Observation 1:
0.4 dB gain could be achieved through the cross-slot channel estimation over 2 slots for PUSCH eMBB traffic. 
Observation 2:
In addition to the cross-slot channel estimation, a lower DMRS density and fully utilized sources in special slot could improve the coverage of PUSCH. And about 1.22 dB coverage gain could be achieved.

Proposal 1: 
Different symbol allocations applied in different slots for PUSCH repetition Type A can be supported.
Proposal 2: 
PUSCH repetition on non-consecutive physical available resources for PUSCH transmission can be supported, both PUSCH repetition Type A and Type B can be considered.
Proposal 3: 
Early termination for PUSCH repetitions can be supported to reduce unnecessary network UL resource occupation and reduce unnecessary UE power consumption.
Proposal 4:
Fully use of resources in the special slot should be considered for the PUSCH coverage enhancement.
Proposal 5:
A reduced DM-RS density could spare more resources for PUSCH to improve the coverage. 
Proposal 6: 
An adaptive configuration of DMRS could improve the operation flexibility according to different scenarios.
Proposal 7: 
The lower density and adaptive configuration of DMRS should be prioritized. 
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System parameters for PUSCH and PUCCH



		Parameters

		Values



		Scenario and frequency

		Urban: 2.6GHz (TDD) (NLOS)

Rural: 2.6GHz (TDD) (NLOS)



		Frame structure for TDD

		DDDDDDDSUU (S: 6D:4G:4U) only for 2.6GHz 



		Pathloss model (select from LoS or NLoS)

		Urban: NLoS

Rural: NLoS 



		BWP

		100MHz for 2.6GHz.



		SCS

		30kHz for TDD



		Channel model for link-level simulation

		TDL-C for NLOS, TDL-D for LOS.



		UE velocity

		Urban: 3km/h for indoor

Rural: 3km/h for indoor, 120km/h



		Frequency hopping

		w/o frequency hopping for PUSCH

w/ frequency hopping for PUCCH







		Parameters

		Values



		Number of antenna elements for BS

		Urban: 192 antenna elements for 2.6GHz, 

(M,N,P,Mg,Ng) = (12,8,2,1,1)

Rural: 64 antenna elements for 2.6GHz

(M,N,P,Mg,Ng) = (8,4,2,1,1)



		Number of TxRUs for BS

		· Urban，64 TXRU

· 4 TXRU for LLS 

· Rural 2.6GHz，8 TXRU 

· 4 TXRU for LLS 



		Delay spread

		Urban: 300ns

Rural: 300ns



		PRBs/TBS/MCS for eMBB for PUSCH

		30 PRBs for 1Mbps, MCS =5

4 PRBs for 100kbps, MCS =4

Msg 3, 2 PRBs, MCS = 0



		PRBs/MCS for VoIP for PUSCH

		Urban, Rural indoor

4PRB MCS = 4







PUSCH parameters

		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 



		UE velocity

		Urban: 3km/h for indoor

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



		DMRS configuration for PUSCH

		For 120km/h, Type I, 3 DMRS symbol, no multiplexing with data.

DMRS symbol [2,7,11]



For 3km/h: Type I, 2 DMRS symbol, no multiplexing with data.

DMRS symbol [2, 11]



		Waveform for PUSCH

		DFT-s-OFDM, 



		Repetitions for PUSCH

		For eMBB, 

w/o repetition as baseline, 



For VoIP, w/ repetition. 

Repletion 1 and 2



		HARQ configuration for PUSCH

		For eMBB, w/ HARQ

1 new transmission ， 4 HARQ retransmissions

For VoIP, w/ HARQ

1 new transmission ， 4 HARQ retransmissions



		Latency requirements for voice

		50ms 



		PUSCH duration 

		14 OS



		Frequency hopping

		w/o frequency hopping for PUSCH

w/ frequency hopping for PUCCH







PUCCH parameters 



		Parameters

		Values



		PUCCH format type

		Format 1, 2bits UCI.

Format 3, 11/22 bits UCI



		BLER for PUCCH

		For PUCCH format 1: 

DTX to ACK probability: 1%. NACK to ACK probability: 0.1%.

ACK missed detection probability: 1%.



For PUCCH format 3: 

BLER for Ack/Nack, SR: 1%

FFS: BLER for CSI ( 1%)



		Number of PRBs for PUCCH

		1 PRB



		Number of UE transmit chains for PUCCH

		1



		Number of repetitions for PUCCH

		w/o repetition for PUCCH. 



		PUCCH duration 

		14 OS



		DMRS configuration for PUCCH

		FFS: number of DMRS symbols for PUCCH Format 3.

3km/h，DMRS [3,10

120km/h, DMRS [1,5,8,12]



		Frequency hopping

		w/ frequency hopping for PUCCH







PDSCH parameters

		Parameters

		Values



		Waveform

		CP-OFDM



		PRBs/MCS/TBS

		Urban

10Mbps, 272 PRBs, MCS = 0

Msg 4, payload = 3000 bit



		PDSCH duration

		12 OS



		UE receive chain 

		The number of UE receive chains is 4 for 2.6GHz 



		DMRS config 

		Reuse PUSCH



		HARQ

		Reuse PUSCH 



		Scenario and frequency, frame structure, SCS, pathloss model, channel model, delay spread, UE velocity, number of antenna elements and TxRUs for BS.

		Reuse PUSCH









PDCCH parameters



		Parameters

		Values



		Aggregation level

		16



		Payload

		40 bits for unicast PDCCH (PDCCH)

29 bits for broadcast PDCCH (msg 2 PDCCH)



		CORESET size

		2 symbols, 48 PRBs



		Tx Diversity

		w/ Tx Diversity, e.g. precoder cycling



		BLER for PDCCH

		1% BLER.



		UE receive chains

		· The number of UE receive chains is 4 for 2.6GHz



		CCE to REG

		[bookmark: _GoBack]Interleaved



		SSB beam

		8 beam



		REG bundling size

		6









Msg 3 (PUSCH) parameters

		Parameters

		Values



		Number of PRBs

		2



		Waveform

		DFT-s-OFDM



		TBS

		56 bits



		Number of DMRS symbol

		w/o frequency hopping: 3, [2,7,11] symbol



		Frequency hopping

		w/o frequency hopping



		PUSCH duration

		14 OS



		Other parameters

		Reported by companies.







PBCH parameters

		Parameters

		Values



		Periodicity

		20ms



		Performance metric

		Combination of 4 SSBs in 80ms.



		Other parameters

		Reported by companies.







PRACH parameters

		Parameters

		Values



		Format

		Format 0, Format B4 (15kHz, 30kHz), Format C2 (15kHz)



		SCS

		Format B4 (15kHz, 30kHz), Format C2 (15kHz)



		Performance metric

		1% missed detection at 0.1% false alarm probability

10% missed detection.








