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1. Introduction
In RAN1#104b-e, the following agreements and proposals were reached for processing timeline, PTRS, DMRS related design [1]:
1> Timeline
[bookmark: _Hlk58583563]Agreement:
A model-based approach is not used to derive the timelines for single PDSCH/PUSCH and multi-PDSCH/PUSCH scheduling for NR operation in 52.6 GHz to 71 GHz.
Proposal:
At least for PDSCH processing time (N1), PUSCH preparation time (N2) and HARQ-ACK multiplexing timeline (N3), RAN1 strives to define a single value per SCS. This single value per SCS applies to both single PDSCH/PUSCH and multi-PDSCH/PUSCH scheduling for NR operation in 52.6 GHz to 71 GHz.
2> PTRS pattern for CP-OFDM
Agreement:
· It is recommended to strictly follow and evaluate at least based on assumptions which are not optional in previous agreed LLS assumptions for study of potential RS enhancements for NR operation in 52.6 to 71 GHz.
· Note: evaluation based on optional model/scenario/parameter values are not precluded from being considered for discussion and decisions
· Companies are encouraged to report results (along with previously reported aspects and cubic metric for power boosting aspects) at least for SINR in dB achieving PDSCH/PUSCH BLER of 10% in a numerical and tabular way (e.g. adapted from LLS result report template in SI).
· Note: other ways of presentation of results (e.g. BLER curve) is not precluded 
3> PTRS density in frequency for CP-OFDM
Agreement:
· In Rel-17, for NR operation in 52.6 – 71 GHz, conclude that increased PTRS frequency density is not supported for CP-OFDM at least for Rel-15 PTRS pattern when the allocated number of RB > 32
· Companies are encouraged to study whether to increase PTRS frequency density for small RB allocations for CP-OFDM for NR operation in 52.6 to 71 GHz with respect to phase noise compensation performance
· CPE and ICI PN compensation
· Note: Results for CPE compensation-only are to be reported for reference
· (K = 0.5, L = 1), (K = 1, L = 1), (K = 2, L = 1),
· Note: PTRS per K number of PRBs, and PTRS every L number of OFDM symbols
· Number of RBs: 8, 16, 32
· Other values of K and number of RBs are not precluded 
· Study on other aspects of potential PTRS enhancement (e.g., decreased PTRS frequency density) is not precluded 
4> PTRS design for DFT-s-OFDM related agreements.
Agreement:
Continue study at least the following aspects for potential PTRS enhancement for DFT-s-OFDM for NR operation in 52.6 to 71 GHz
· The need of potential PTRS enhancement
· PTRS pattern with more PTRS groups within one DFT-s-OFDM symbol when a large number of PRBs is scheduled
· (Ng = 8, Ns = 4, L = 1), (Ng = 16, Ns = 2, L = 1), (Ng = 16, Ns = 4, L = 1), 
· Note: Ng number of PT-RS groups, Ns number of samples per PT-RS group, and PTRS every L number of DFT-s-OFDM symbols
· Other patterns are not precluded
· Other aspects of PTRS enhancements are not precluded from further study.
5> DMRS related design.
Proposal:
At least for DMRS type-1, support a configuration of DMRS for rank 1 transmission in PDSCH in which FD-OCC is not applied for 480 kHz and 960 kHz SCS.
· FFS: Whether this applies to DMRS type-2
· FFS: Details on whether and how to indicate that FD-OCC is not applied to DMRS port
[bookmark: OLE_LINK2][bookmark: OLE_LINK27][bookmark: OLE_LINK28]In this contribution, we first discuss the design for PTRS and DMRS, then the processing timeline, finally, the multi-PDSCH/PUSCH scheduling and feedback related design.
2. PTRS and DMRS enhancements
2.1 PTRS related design
2.1.1 CP-OFDM
· [bookmark: _Ref497749847]Higher PTRS density in frequency: K_PTRS = 1 or 0.5
Higher PTRS density in frequency (K_PTRS = 1 or 0.5) for Rel-15 PTRS pattern was discussed during RAN1-104-bis meeting.
Here we perform more simulation and focus on the cases with allocated number of RB <= 32.
Below are the simulation assumptions on PTRS density and RB numbers.
· CPE and ICI PN compensation
· Note: Results for CPE compensation-only are to be reported for reference
· (K = 0.5, L = 1), (K = 1, L = 1), (K = 2, L = 1),
· Note: PTRS per K number of PRBs, and PTRS every L number of OFDM symbols
· Number of RBs: 8, 16, 32
· Other values of K and number of RBs are not precluded 
Link-level simulations were performed to compare the performance of de-ICI (3 taps) and CPE only with different number of PDSCH RB allocation and different MCS for SCS of 120/480/960 KHz respectively. The simulation parameters are listed in Table 12, while the detailed simulation results include Figure 1, Figure 2, Figure 3 and Figure 4.
The SNR points corresponding to 10%/1% iBLER performance are summarized in Table 1, Table 2 and Table 3 for SCS of 120 kHz, 480 kHz and 960 kHz respectively.
[bookmark: _Ref78472180]Table 1 SNR in dB achieving PDSCH iBLER of 10% and 1%: 120kHz SCS, Rank 1, TDL-A 5ns DS.
	PDSCH PRB num
	MCS
	Algorithm for PN process
	SNR in dB to achieve 10%/1% iBLER

	
	
	
	K_PTRS

	
	
	
	0.5
	1
	2

	8
	7
	CPE-only
	5.43/10
	4.93/9.24
	5.26/9.65

	
	
	direct de-ICI
	6.61/-
	7.49/-
	-/-

	
	16
	CPE-only
	13.88/-
	12.70/-
	12.55/-

	
	
	direct de-ICI
	14.92/-
	15.08/-
	-/-

	
	22
	CPE-only
	23.57/-
	19.96/-
	19.53/-

	
	
	direct de-ICI
	21.80/-
	22.44/-
	-/-

	
	26
	CPE-only
	-/-
	-/-
	-/-

	
	
	direct de-ICI
	-/-
	-/-
	-/-

	16
	7
	CPE-only
	3.94/7.06
	3.29/6.55
	3.38/6.67

	
	
	direct de-ICI
	4.69/7.74
	4.60/7.61
	5.98/9.11

	
	16
	CPE-only
	12.76/-
	11.52/14.95
	11.22/14.72

	
	
	direct de-ICI
	13.22/-
	12.68/15.92
	13.79/-

	
	22
	CPE-only
	23.62/-
	19.42/26.02
	18.56/23.85

	
	
	direct de-ICI
	20.43/26.00
	19.14/23.17
	20.80/-

	
	26
	CPE-only
	-/-
	-/-
	-/-

	
	
	direct de-ICI
	-/-
	-/-
	-/-

	32
	7
	CPE-only
	3.68/6.20
	2.96/5.47
	2.81/5.30

	
	
	direct de-ICI
	4.00/6.42
	3.58/6.02
	4.04/6.46

	
	16
	CPE-only
	12.72/15.58
	11.39/14.15
	10.90/13.64

	
	
	direct de-ICI
	12.97/15.71
	11.98/14.54
	12.10/14.68

	
	22
	CPE-only
	-/-
	19.63/-
	18.50/23.49

	
	
	direct de-ICI
	20.50/25.61
	18.50/21.85
	18.55/22.30

	
	26
	CPE-only
	-/-
	-/-
	-/-

	
	
	direct de-ICI
	-/-
	-/-
	-/-



[bookmark: _Ref78472186]Table 2 SNR in dB achieving PDSCH iBLER of 10% and 1%: 480kHz SCS, Rank 1, TDL-A 5ns DS.
	PDSCH PRB num
	MCS
	Algorithm for PN process
	SNR in dB to achieve 10%/1% iBLER

	
	
	
	K_PTRS

	
	
	
	0.5
	1
	2

	8
	7
	CPE-only
	5.13/8.18
	4.7/7.69
	5.13/8.28

	
	
	direct de-ICI
	6.26/9.13
	7.28/-
	-/-

	
	16
	CPE-only
	13.32/-
	12.19/-
	12.23/15.32

	
	
	direct de-ICI
	14.28/-
	15.21/-
	-/-

	
	22
	CPE-only
	19.94/24.05
	18.17/21.64
	17.94/21.51

	
	
	direct de-ICI
	19.85/22.86
	20.06/23.55
	-/-

	
	26
	CPE-only
	-/-
	-/-
	-/-

	
	
	direct de-ICI
	-/-
	-/-
	-/-

	16
	7
	CPE-only
	3.71/6.01
	3.14/5.44
	3.35/5.70

	
	
	direct de-ICI
	4.37/6.70
	4.45/6.69
	5.88/8.36

	
	16
	CPE-only
	12.16/14.55
	11.04/13.30
	10.77/13.14

	
	
	direct de-ICI
	12.73/15.03
	12.04/14.44
	13.44/15.88

	
	22
	CPE-only
	19.25/22.18
	17.12/19.66
	16.69/19.19

	
	
	direct de-ICI
	18.48/20.80
	17.49/19.84
	18.91/21.43

	
	26
	CPE-only
	-/-
	-/-
	-/-

	
	
	direct de-ICI
	-/-
	26.70/-
	27.19/-

	32
	7
	CPE-only
	3.44/5.22
	2.66/4.49
	2.59/4.47

	
	
	direct de-ICI
	3.71/5.48
	3.31/5.10
	3.97/5.69

	
	16
	CPE-only
	12.01/13.85
	10.64/12.52
	10.26/12.14

	
	
	direct de-ICI
	12.28/14.08
	11.48/13.24
	11.74/13.56

	
	22
	CPE-only
	19.71/24.39
	17.08/19.54
	16.40/18.52

	
	
	direct de-ICI
	18.01/19.97
	16.71/18.57
	16.93/18.86

	
	26
	CPE-only
	-/-
	-/-
	-/-

	
	
	direct de-ICI
	-/-
	25.77/-
	23.71/-



[bookmark: _Ref78472193]Table 3 SNR in dB achieving PDSCH iBLER of 10% and 1%: 960kHz SCS, Rank 1, TDL-A 5ns DS.
	PDSCH PRB num
	MCS
	Algorithm for PN process
	SNR in dB to achieve 10%/1% iBLER

	
	
	
	K_PTRS

	
	
	
	0.5
	1
	2

	8
	7
	CPE-only
	5.09/7.54
	4.74/7.14
	5.33/8.01

	
	
	direct de-ICI
	6.39/8.67
	7.19/9.75
	-/-

	
	16
	CPE-only
	13.33/15.81
	12.33/14.65
	12.28/14.83

	
	
	direct de-ICI
	14.36/-
	14.66/-
	-/-

	
	22
	CPE-only
	19.29/21.87
	17.89/20.30
	17.75/20.39

	
	
	direct de-ICI
	19.82/22.12
	20.13/22.64
	-/-

	
	26
	CPE-only
	-/-
	26.72/-
	24.28/-

	
	
	direct de-ICI
	-/-
	27.11/-
	-/-

	16
	7
	CPE-only
	3.84/5.85
	3.25/5.30
	3.54/5.82

	
	
	direct de-ICI
	4.43/6.33
	4.48/6.44
	6.33/8.29

	
	16
	CPE-only
	12.28/14.19
	11.04/13.00
	10.93/13.00

	
	
	direct de-ICI
	12.82/14.75
	12.35/14.24
	13.69/-

	
	22
	CPE-only
	18.56/20.63
	16.91/18.91
	16.56/18.61

	
	
	direct de-ICI
	18.51/20.38
	17.62/19.51
	18.91/21.09

	
	26
	CPE-only
	-/-
	-/-
	24.62/-

	
	
	direct de-ICI
	-/-
	25.07/-
	25.64/-

	32
	7
	CPE-only
	3.32/4.88
	2.68/4.26
	2.83/4.45

	
	
	direct de-ICI
	3.60/5.05
	3.22/4.77
	4.02/5.42

	
	16
	CPE-only
	11.91/13.31
	10.66/12.21
	10.47/12.04

	
	
	direct de-ICI
	12.28/13.67
	11.39/12.88
	11.95/13.24

	
	22
	CPE-only
	18.47/20.17
	16.56/18.14
	16.21/17.66

	
	
	direct de-ICI
	18.04/19.29
	16.71/18.23
	16.97/18.52

	
	26
	CPE-only
	-/-
	-/-
	24.53/-

	
	
	direct de-ICI
	-/-
	24.18/-
	22.70/-


From the simulation results above, we have the observation below.
[bookmark: _Ref68170151]Observation 1:
· The performance of de-ICI (3-tap filter) with K_PTRS = 2 is worse than K_PTRS = 1 or K_PTRS = 0.5 when PDSCH RB number <= 16;
· When PDSCH RB number <= 16, CPE only with K_PTRS = 2 has much better performance than de-ICI with K_PTRS = 1 or K_PTRS = 0.5.
· For all evaluated cases, the preferred method for PN compensation (with the best performance) is shown in Table 4. The best performance is obtained with legacy PTRS density in frequency, i.e. K_PTRS = 2. There’s no motivation to justify higher PTRS density in frequency domain for small RB allocation.
[bookmark: _Ref78473590]Table 4 Preferred PN compensation method when number of RB <=32
	SCS (kHz)/MCS
	7
	16
	22
	26

	120
	CPE only (K_PTRS=2)
	CPE only (K_PTRS=2)
	CPE only (K_PTRS=2)
	no method to achieve 10% BLER.

	480
	CPE only (K_PTRS=2)
	CPE only (K_PTRS=2)
	CPE only (K_PTRS=2)
	If PDSCH RB num <= 16, use CPE only (K_PTRS=2); else, use de-ICI (K_PTRS=2).

	960
	CPE only (K_PTRS=2)
	CPE only (K_PTRS=2)
	CPE only (K_PTRS=2)
	If PDSCH RB num <= 16, use CPE only (K_PTRS=2); else, use de-ICI (K_PTRS=2).


[bookmark: _Ref68169523]Proposal 1: There is no need to introduce higher PTRS frequency density as K_PTRS = 1 or K_PTRS = 0.5 for NR operation in 52.6 to 71 GHz in Rel-17.

· PTRS pattern: block-based PTRS pattern
Evaluation on block-based PTRS pattern with cyclic ZC sequence
In this sub-section, link-level simulations were performed to compare the performance among the following options:
a) CPE only;
b) de-ICI with Rel-15 PTRS pattern (5-tap filters);
c) De-ICI with cyclic ZC sequence (5-tap filters).
Contribution [4] proposes option c) and it mentions that de-ICI has better performance than ‘ICI filter approximation’, thus only de-ICI is evaluated here.
Length of base sequence and circular sequence for block PTRS are as below.
Table 5 Length of base sequence and circular sequence for block PTRS
	Block size M
	64

	ICI order estimated
	5

	Length of base sequence L
	59

	Length of head circular sequence q
	2

	Length of tail circular sequence p
	3


Simulation parameters are listed in Table 13, while the simulation results include Figure 5, Figure 6 and Figure 7.
The SNR points corresponding to 10% iBLER performance are summarized in Table 6.
[bookmark: _Ref78538524]Table 6 SNR in dB achieving PDSCH iBLER of 10%: 120kHz SCS, Rank 1, MCS-22.
	DS
	SNR in dB to achieve 10% iBLER for SCS-120kHz and MCS-22

	
	CPE only
	de-ICI with Rel-15 PTRS pattern
	de-ICI with cyclic ZC sequence

	5
	-
	16.84
	17.83

	10
	-
	16.73
	18

	20
	-
	17.00
	17.84


From the simulation results above, we have the observation below.
[bookmark: _Ref68475169]Observation 2: With current simulation parameters, the performance of de-ICI with Rel-15 PTRS pattern outperforms the performance of block-based PTRS pattern with cyclic ZC sequence.
[bookmark: _Ref68475173]Proposal 2: Do not support block-based PTRS pattern with cyclic ZC sequence for NR operation in 52.6 to 71 GHz in Rel-17.

Evaluation on block-based PTRS pattern with zero-power REs
Contribution [2] proposes block-based PTRS pattern with zero-power RE, and these 2 points were mentioned in meeting summary [5]:
· Block PTRS pattern of 7 clusters each with 9 tones (8 ZP and 1 NZP) can achieve good performance;
· 6dB power boost can recover most of the performance loss due to the power difference of the PTRS tones, which should not cause issues from PAPR/CM perspective.
In this sub-section, link-level simulations were performed on this PTRS pattern to compare performance between ‘6dB power boost’ and ‘full power boost’ with conditions below, while other simulation assumptions are listed in  Table 13.
· De-ICI compensation method;
· 7 clusters each with 9 tones (8 ZP and 1 NZP).

The simulation results include Figure 8, Figure 9 and Figure 10.
The SNR points corresponding to 10%/1% iBLER performance are summarized in Table 7.
[bookmark: _Ref79180168]Table 7 SNR in dB achieving PDSCH iBLER of 10%/1%: 120kHz SCS, Rank 1, MCS-22.
	DS
	SNR in dB to achieve 10%/1% iBLER for SCS-120kHz and MCS-22

	
	Full power boosting
	6dB power boosting

	5
	17.18/20.76
	19.63/24.42

	10
	16.93/19.76
	19.62/23.32

	20
	17.44/20.03
	19.76/23.07


From the simulation results above, we have the observation below.
[bookmark: _Ref79183616]Observation 3: For block-based PTRS pattern with zero-power RE, the performance of ‘6dB power boosting’ is around 2.5 dB worse than that of ‘full power boosting’ for SNR achieving 10% iBLER.
For this PTRS pattern with zero-power RE, power boosting higher than 6dB may cause PAPR/CM issue, but limiting power boosting causes performance degrade.
[bookmark: _Ref79183628]Proposal 3: Do not support block-based PTRS pattern with zero-power RE for NR operation in 52.6 to 71 GHz in Rel-17.
2.1.2 DFT-s-OFDM
For DFT-s-OFDM, it was proposed to further evaluate the PTRS pattern with more PTRS groups within one DFT-s-OFDM symbol when a large number of PRBs is scheduled[1]. 
As the length of one DFT-s-OFDM symbol for SCS of 120 kHz is 4 times and 8 times as that for SCS of 480kHz and SCS of 960kHz, this topic should focus on SCS-120kHz, high code rate transmission and large number of PRB allocation.
The following CN (chunk number, ) and CS (chunk size, ) combinations are evaluated, where (CN, CS) = (8, 4) is the legacy configuration with largest chunk number as the baseline for comparison: 
a) (CN, CS) = (8, 4);
b) (CN, CS) = (16, 2);
c) (CN, CS) = (16, 4);
d) (CN, CS) = (8, 8);
e) (CN, CS) = (12, 4).
The simulation parameters are listed in Table 14, while the simulation results include Figure 14 - Figure 21.
The SNR points corresponding to 10%/1% iBLER performance are summarized in Table 8 and Table 9 for DS of 10 ns and 20 ns respectively.
[bookmark: _Ref78555081]Table 8 SNR in dB achieving PUSCH iBLER of 10% and 1%: DS = 10ns.
[image: ]
[bookmark: _Ref78555272]Table 9 SNR in dB achieving PUSCH iBLER of 10% and 1%: DS = 20ns.
[image: ]
[bookmark: _Ref78559432][bookmark: _Ref68170160]Observation 4: For MCS-7, MCS-16 and MCS-22, the performance gap is less than 0.8 dB between (CN, CS) = (8, 4) and the configuration with the best performance.
[bookmark: _Ref78559435]Observation 5: For MCS-26 and PUSCH RB number as 256, configuration (CN, CS) = (16, 4) achieves best performance.
As DFT-s-OFDM is mainly used for UL coverage, it is unlikely that very high MCS, such as MCS-26, is scheduled to the UE configured with this waveform. Based on these observations, the necessity to introduce more PTRS chunk number needs further discussion to find if there is other benefit. If a new configuration with more PTRS chunk number needs to be added, this configuration should be applied dependent on the SCS, MCS and other parameters, not just dependent on RB number for PUSCH allocation.
[bookmark: _Ref61455604][bookmark: _Ref68169538]Proposal 4: The necessity to introduce more PTRS chunk number needs further discussion as there is no significant performance benefit. If a new configuration with more PTRS chunk number needs to be added, the SCS and MCS should be within the condition of applying this configuration.
2.2 DMRS related design
To further investigate the DMRS pattern with increased frequency domain density and the necessity of invalidating FD-OCC for SCS of 480/960 KHz, the link-level simulation is performed for different DMRS patterns while the TB size and coderate are fixed, i.e. no multiplexing between data and DMRS on the same OFDM symbol.
The candidate DMRS patterns include:
a) Type-1 with FD-OCC, 3-dB power boosting;
b) Type-1 no FD-OCC, 3-dB power boosting;
c) DMRS on every RE with FD-OCC, no power boosting;
d) DMRS on every RE no FD-OCC, no power boosting;
e) Type-2 with FD-OCC, 4.77-dB power boosting;
f) Type-2 no FD-OCC, 4.77-dB power boosting.
The simulation parameters are listed in Table 15, while the simulation results include Figure 22 - Figure 27.
Below are the performance comparisons for SCS as 960 KHz and 480 KHz respectively.
The SNR points corresponding to 10%/1% iBLER performance are summarized in Table 10 and Table 11 for SCS of 960 kHz and 480 kHz respectively.
[bookmark: _Ref78557595]Table 10 SNR in dB achieving PDSCH iBLER of 10% and 1%: 960 kHz SCS, Rank 1.
	DS (ns)
	MCS
	SNR in dB to achieve 10%/1% iBLER

	
	
	Legacy type-1
	DMRS on every RE
	Legacy type-2

	
	
	with FD-OCC
	no FD-OCC
	with FD-OCC
	no FD-OCC
	with FD-OCC
	no FD-OCC

	10
	22
	16.51/18.29
	16.32/17.92
	15.69/17.44
	15.60/17.38
	18.72/20.37
	16.94/18.62

	
	26
	24.00/-
	23.58/-
	23.18/-
	23.21/-
	28.21/-
	25.19/-

	20
	22
	18.75/20.86
	17.75/19.29
	16.61/18.31
	16.55/18.23
	22.72/25.35
	18.94/20.71

	
	26
	-/-
	26.18/-
	25.48/-
	25.18/-
	-/-
	-/-

	40
	22
	-/-
	19.82/23.19
	19.51/24.88
	19.04/22.76
	-/-
	28.54/-

	
	26
	-/-
	-/-
	-/-
	-/-
	-/-
	-/-


[bookmark: _Ref78557792]Table 11 SNR in dB achieving PDSCH iBLER of 10% and 1%: 480 kHz SCS, Rank 1.
	DS (ns)
	MCS
	SNR in dB to achieve 10%/1% iBLER

	
	
	Legacy type-1
	DMRS on every RE
	Legacy type-2

	
	
	with FD-OCC
	no FD-OCC
	with FD-OCC
	no FD-OCC
	with FD-OCC
	no FD-OCC

	10
	22
	16.56/19.39
	16.50/19.35
	16.30/19.37
	16.32/19.35
	17.44/20.33
	16.78/19.66

	
	26
	-/-
	-/-
	-/-
	-/-
	-/-
	-/-

	20
	22
	17.66/20.37
	17.36/20.00
	16.78/19.53
	16.72/19.51
	20.64/23.90
	18.55/21.58

	
	26
	-/-
	-/-
	-/-
	-/-
	-/-
	-/-

	40
	22
	20.34/23.65
	19.00/21.82
	17.83/20.96
	17.72/20.88
	25.25/-
	20.69/25.38

	
	26
	-/-
	-/-
	-/-
	-/-
	-/-
	-/-


[bookmark: _Hlk68168072]From these simulation results, we have the observation below.
[bookmark: _Ref68170168]Observation 6:
· Comparing with legacy pattern (type-1 with FD-OCC), ‘type-1 no FD-OCC’ has obvious performance gain for DS >= 20ns;
· ‘DMRS on every RE with FD-OCC’ has better performance than ‘Type-1 with FD-OCC’ and ‘Type-1 no FD-OCC’, and the performance between DMRS on every RE with/without FD-OCC is very close;
· ‘Type-1 no FD-OCC’ and ‘DMRS on every RE with FD-OCC’ still support 2-port transmission, which can be used for MU-MIMO or 2-layer transmission for single UE;
· ‘Type-1 no FD-OCC’ still supports data multiplexing in DMRS symbols, while ‘DMRS on every RE’ can’t support this.
· ‘Type-2 no FD-OCC’ has better performance than ‘Type-2 with FD-OCC’, and the gain on SCS-960KHz is higher than the gain on SCS-480KHz;
· The performance of ‘Type-2 no FD-OCC’ is a little worse than that of ‘Type-1 no FD-OCC’.
[bookmark: _Ref61455612]Proposal 5: Support ‘type-1 no FD-OCC’ for NR operation in 52.6 to 71 GHz with 480 kHz and 960 kHz SCS in Rel-17.
[bookmark: _Ref78560297]Proposal 6: Do no introduce new DMRS pattern with increased frequency domain density (in number of subcarriers) than the existing DMRS patterns for NR operation in 52.6 to 71 GHz with 480 kHz and/or 960 kHz SCS in Rel-17.
3. Processing timeline aspects
3.1 UE processing timelines
In RAN1#104e, the following agreement was achieved.
· RAN1 use the absolute time duration for 120 kHz SCS as the upper bound for the discussion of UE processing timelines for 480 kHz and 960 kHz SCS for NR operation in 52.6 to 71 GHz
· RAN1 strives to reduce the absolute time durations from the upper bound if feasible
In general, the timeline should be based on the target performance and the UE capability limitation.
For single-slot PDSCH/PUSCH scheduling with 480 kHz and 960 kHz SCS, if the target performance of peak throughput for a given UE is the same as that for 120 kHz SCS, the agreement above should be sufficient assuming limitation on PDCCH scheduling, for example, PDCCH can only be issued once per X slots. If we want to support higher UE throughput, we may need to investigate more on the UE capability limitation, such as how many processors can be used in parallel. The study on the UE capability limitation is also the basis to reduce the absolute time durations from the upper bound.
For multi-slot PDSCH/PUSCH scheduling with 480 kHz and 960 kHz SCS, the above investigation can be reused, with necessary adjustment when identified.
[bookmark: _Ref78930610]Proposal 7: To design the timeline, we may need to investigate more on the target performance for a given UE and UE capability limitation.
3.2 HARQ feedback timing indicator adaptation
In FR1&FR2, for fallback DCI 1_0, the default set for PDSCH-to-HARQ_feedback timing indicator is {1, 2, 3, 4, 5, 6, 7, 8} with slot level granularity. However, if higher SCS (e.g. 960 kHz SCS) is adopted with very short slot, it is impossible for UE to process PDSCH in 1 or 2 slots. Therefore, the default set for PDSCH-to-HARQ_feedback timing indicator should depend on the SCS of PDSCH. For example, when the SCS of PDSCH is 960 kHz, the default K1 set for DCI 1_0 is {9,10,11,12,13,14,15,16}.
[bookmark: _Ref53685113]Proposal 8: The default set for PDSCH-to-HARQ_feedback timing indicator should be adapted to the SCS of PDSCH.
4. Multi-PDSCH/PUSCH scheduling
4.1 DCI design for multi-PDSCH/PUSCH scheduling
In the following sections, some issues which may be common for DL and UL are discussed firstly, then followed by UL specific issues and DL specific issues successively.
4.1.1 Common issues for DL and UL
4.1.1.1 Maximum number of scheduled PDSCHs/PUSCHs
During RAN1#104b-e meeting, the following agreement regarding the maximum number of PDSCHs/PUSCHs that can be scheduled by a single DCI has been achieved.
Agreement:
· The maximum number of PDSCHs that can be scheduled with a single DCI in Rel-17 is 8 for SCS of 480 and 960 kHz.
· FFS: Further restrictions for 480 kHz to 4
· FFS: A UE capability to select between 4 and 8 for 480 kHz SCS
· Note: Multi-PDSCH scheduling for the case of 120 kHz SCS is still FFS as per prior agreement. This case can be addressed after this FFS has been decided.
· The maximum number of PUSCHs that can be scheduled with a single DCI in Rel-17 is 8.
· FFS: Further restrictions for 120 kHz and 480 kHz SCS
· FFS: A UE capability to select between different values for 120 kHz and 480 kHz SCS


In the above agreement, there are several FFSs for introducing further restrictions or UE capability to decrease the maximum number of PDSCHs/PUSCHs that can be scheduled with a single DCI for other SCSs than 960kHz. In our opinion, no further restriction or UE capability is needed for other SCSs than 960kHz, and the maximum number, i.e. 8, of PDSCHs/PUSCHs that can be scheduled with a single DCI is uniformly applied to all SCSs. It should be noted that in NR-U Rel-16, the maximum number of PUSCHs that can be scheduled by a single DCI is always 8 without considering respective value for different SCS.
Proposal 9: The maximum number, i.e. 8, of PDSCHs/PUSCHs that can be scheduled with a single DCI is uniformly applied to all SCSs, with no further restriction or UE capability.
4.1.1.2 Time domain scheduling
During RAN1#105-e meeting, the following agreements regarding time domain scheduling for multi-PDSCH/PUSCH scheduling have been achieved.
Agreement:
· If a PDSCH among multiple PDSCHs that are scheduled by a single DCI is collided with uplink symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, the UE does not receive the PDSCH.
· FFS on how to handle HARQ-related issue for the PDSCH (e.g., HARQ process numbering)
· The UE does not expect to be scheduled with multiple PDSCHs by a single DCI, where every PDSCH is collided with uplink symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated.
· If a PUSCH among multiple PUSCHs that are scheduled by a single DCI is collided with downlink symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, the UE does not transmit the PUSCH.
· FFS on how to handle HARQ-related issue for the PUSCH (e.g., HARQ process numbering)
· The UE does not expect to be scheduled with multiple PUSCHs by a single DCI, where every PUSCH is collided with downlink symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated.


Agreement:
For TDRA in a DCI that can schedule multiple PDSCHs (or PUSCHs),
· A row of the TDRA table can indicate PDSCHs (or PUSCHs) that are in consecutive or non-consecutive slots.
· FFS: The maximum value of the gap between two consecutively scheduled PDSCHs or between two consecutively scheduled PUSCHs
· FFS: The maximum value of the gap between the first scheduled PDSCH and the last scheduled PDSCH or between the first scheduled PUSCH and the last scheduled PUSCH
· FFS: Details to introduce the gap between PDSCHs or between PUSCHs


To ensure that the scheduled PDSCHs/PUSCHs can be in consecutive or non-consecutive slots, regarding the configuration of each row in the TDRA table, a simple way is that each SLIV corresponding to a PDSCH/PUSCH  is configured with a respective K0/K2, so the slot for each PDSCH/PDSCH can be configured independently, and there can be slot-level or symbol-level gap, as well as no gap between any two adjacent PDSCHs/PUSCHs in a same TDRA row.
[bookmark: _Ref68475310]Proposal 10: To enable that PDSCHs/PUSCHs in a row of the TDRA table can be indicated in consecutive or non-consecutive slots, each SLIV corresponding to a PDSCH/PUSCH is configured with a respective K0/K2 in the row.
During RAN1#105-e meeting, there was discussion on whether to limit the number of scheduled PDSCHs/PUSCHs within a single slot to 1. The reason behind the discussion lies in that a slot is very short for 480/960 kHz SCS and thus it is unnecessary to schedule more than one PDSCH/PUSCH within a slot.
From our perspective, since for 120 kHz SCS more than one PDSCH/PUSCH scheduled within a slot is supported and it is up to UE capability reporting, it is unnecessary to introduce any different operation among applicable SCSs for the new band from 52.6 GHz to 71 GHz, if there is no strong motivation to do this. Besides, allowing more than one PDSCH/PUSCH in a slot may be beneficial for LBT operations when deployed in unlicensed band and LBT mechanism is required, to enable more LBT chances and reduce LBT failures. In addition, it may also benefit repetition transmission, e.g. in URLLC scenarios where high reliability and low latency are required.
Proposal 11: Support more than one PDSCH/PUSCH scheduled within a slot as legacy NR Rel-15/16.
Based on the above agreement, the UE does not receive a PDSCH or transmit a PUSCH if the PDSCH/PUSCH is collided with uplink/downlink symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated. Since it can be understood that the PDSCH/PUSCH with collision is not scheduled in actual, no HARQ process is required to be allocated to the PDSCH/PUSCH. 
Proposal 12: No HARQ process is required to be allocated to a scheduled PDSCH/PUSCH that is collided with semi-static uplink/downlink symbol(s).
4.1.1.3 Frequency domain scheduling
During RAN1#104-e meeting, whether/how to enhance frequency domain scheduling for multi-PUSCH scheduling has been discussed with no consensus. During RAN1#105-e meeting, this issue was deprioritized due to limited input and time.
We observed that the maximum number of PRBs is not changed based on the maximum channel bandwidths agreed for NR operation in 52.6 GHz to 71 GHz, so there is no motivation to enhance the frequency domain scheduling since legacy solution(s) can work well. This applies to multi-PDSCH scheduling as well. 
[bookmark: _Ref68475368][bookmark: _Hlk71469268]Proposal 13: Legacy frequency domain scheduling in NR Rel-15/16 is reused for multi-PUSCH/PDSCH scheduling.
4.1.1.4 URLLC related fields
During RAN1#104-e meeting, whether/how to apply URLLC related fields for scheduled PUSCHs has been discussed, mainly targeting the two fields introduced in Rel-16 URLLC, i.e. priority indicator and open-loop power control parameter set indication. During RAN1#105-e meeting, this issue was deprioritized due to limited input and time.
In our opinion, different solutions developed simultaneously in different Rel-16 WIs may be combined in Rel-17, and how to understand the combination(s) should be clarified when needed if not discussed before. For the issue mentioned above, a simple clarification may be desirable without much efforts. E.g., it could be clarified that these fields in the DCI scheduling multiple PUSCHs are applied equally to each scheduled PUSCH.
[bookmark: _Ref68475372]Proposal 14: It can be clarified that the URLLC related fields in the DCI scheduling multiple PUSCHs are applied equally to each scheduled PUSCH, including priority indicator and open-loop power control parameter set indication.
We believe that the same principle can also be applied to multi-PDSCH scheduling, e.g., priority indicator in the DCI scheduling multiple PDSCHs are applied equally to each scheduled PDSCH.
4.1.1.5 CBG based scheduling
During RAN1#105-e meeting, the following agreement regarding CBG based scheduling for multi-PDSCH/PUSCH scheduling has been achieved.
Agreement:
· At least for 120 kHz SCS, for a DCI that can schedule multiple PUSCHs and is configured with the TDRA table containing at least one row with multiple SLIVs,
· If CBG-based (re)transmission is configured, CBGTI field is not present when more than one PUSCHs are scheduled, but is present when a single PUSCH is scheduled, as in Rel-16.
· FFS:
· For 480/960 kHz SCS, whether to apply the same behavior with 120 kHz SCS or not to support CBGTI field configuration in the DCI that can schedule multiple PUSCHs
· For a DCI that can schedule multiple PDSCHs and is configured with the TDRA table containing at least one row with multiple SLIVs, whether/how to configure CBGTI/CBGFI fields


According to the above agreement, at least for 120 kHz SCS, the mechanism agreed in NR-U Rel-16 is reused, but there is an FFS for 480/960 kHz SCS whether to apply the same behavior with 120 kHz SCS or not. In our opinion, it is undesirable to introduce different behavior for different SCS, if there is no strong motivation to do this. Regarding this issue, the same behavior with 120 kHz SCS can be applied to 480/960 kHz SCS as well.
[bookmark: _Ref68475382]Proposal 15: For CBG based scheduling, the same behaviour for multi-PUSCH scheduling with 120 kHz SCS is applied to 480/960 kHz SCS as well, i.e., CBG based scheduling is supported only when a DCI schedules a single PUSCH.
For multi-PDSCH scheduling, the same mechanism adopted for multi-PUSCH scheduling can be reused for simplicity. Alternatively, considering that CBG based transmission/retransmission for multi-PDSCH scheduling has a significant impact on HARQ-ACK feedback, no matter if Type-1 codebook or Type-2 codebook is used, as well as for 480/960 kHz SCS the duration of a slot is rather short resulting in little interference variation in time domain, it may be beneficial not to support CBG based scheduling for multi-PDSCH scheduling to simplify the corresponding HARQ-ACK feedback behaviour.
4.1.1.6 Number of HARQ processes
Based on related agreement achieved so far, the maximum number of PDSCHs/PUSCHs that can be scheduled by a single DCI is 8, which is not changed compared to that in Rel-16 NR-U multi-PUSCH scheduling, where no discussion was carried out on the number of HARQ processes. We believe that it is at least not essential to increase the number of HARQ processes. Besides, increasing the number of HARQ processes may have large impacts on UE implementation, thus should be discussed carefully.
Proposal 16: There is no need to increase the maximum number of HARQ processes due to multi-PDSCH/PUSCH scheduling.
4.1.2 UL specific issues
4.1.2.1 Frequency hopping
During RAN1#105-e meeting, frequency hopping issue for multi-PUSCH scheduling was deprioritized due to limited input and time. But based on some brief discussions on it, it seems that companies have different views on which frequency hopping mode(s) is/are supported for multi-PUSCH scheduling in NR-U Rel-16. So it should be clarified before any further potential enhancement is discussed. 
Proposal 17: For frequency hopping for multi-PUSCH scheduling, it should be clarified which frequency hopping mode(s) is/are supported for multi-PUSCH scheduling in NR-U Rel-16, before any further potential enhancement is discussed.
In our opinion, for multi-PUSCH scheduling in NR-U Rel-16, only intra-slot frequency hopping is applicable, while inter-slot frequency hopping is inapplicable. More details can be found in [6].
4.1.3 DL specific issues
4.1.3.1 Applicable SCS(s)
During RAN1#104-e meeting, the following agreement regarding framework for multi-PDSCH/PUSCH scheduling has been achieved.
Agreement:
· For a UE and for a serving cell, scheduling multiple PDSCHs by single DL DCI and scheduling multiple PUSCHs by single UL DCI are supported.
· Each PDSCH or PUSCH has individual/separate TB(s) and each PDSCH/PUSCH is confined within a slot.
· FFS: The maximum number of PDSCHs or PUSCHs that can be scheduled with a single DCI
· FFS: Whether multiple PDSCH scheduling applies to 120 kHz in addition to 480 and 960 kHz
· At least for 120 kHz SCS, single-slot scheduling with slot-based monitoring will still be supported as specified in Rel-15/Rel-16
· The followings will not be considered in this WI.
· Single DCI to schedule both PDSCH(s) and PUSCH(s)
· Single DCI to schedule one or multiple TBs where any single TB can be mapped over multiple slots, where mapping is not by repetition
· Single DCI to schedule N TBs (N>1) where a TB can be repeated over multiple slots (or mini-slots)
· Note: This does not imply that existing slot aggregation and/or repetition for PDSCH and PUSCH by single DCI is precluded for the serving cell.


In the above agreement there is an FFS about applicable SCS(s) for multi-PDSCH scheduling, i.e., whether multiple PDSCH scheduling applies to 120 kHz in addition to 480 and 960 kHz.
Some companies argue that since for 120 kHz SCS slot-based PDCCH monitoring is still supported as in Rel-15/16, and a slot is not very short so that the duration of multiple slots scheduled by a single DCI may very probably exceed the coherent time of channel fading, so there is no need to support multi-PDSCH scheduling for 120 kHz SCS. However, for 120 kHz SCS, multi-PUSCH scheduling has been supported where the situations for PDCCH monitoring and slot duration are just the same as multi-PDSCH scheduling, therefore there is no strong motivation to introduce this difference between uplink and downlink. In addition, supporting multi-PDSCH scheduling for 120 kHz SCS can bring more flexibility with minimum specification effort.
Proposal 18: Multi-PDSCH scheduling is applicable to 120 kHz SCS, as well as 480 and 960 kHz SCSs.
4.1.3.1 Two codewords
During RAN1#104-e meeting, there are some discussions about whether to limit the maximum number of codewords for multi-PDSCH scheduling. During RAN1#105-e meeting, this issue was discussed again with no consensus in the end. 
From our perspective, whether two codewords are enabled or not should be based on the deployment scenarios, as well as UE capability. Besides, the network can configure whether two codewords are enabled or not as required by RRC signaling in Rel-15/16. The introduction of multi-PDSCH scheduling should not have any impact on whether or not to enable two codewords. From the perspective of signaling overhead, besides network configuration, proper setting of DCI fields may be considered to control the DCI size, e.g., when two codewords are enabled, the maximum number of PDSCHs scheduled by a single DCI may be limited further.
Proposal 19: Two codewords should be supported for multi-PDSCH scheduling.
4.1.3.2 Other resource allocation related indications
During RAN1#104b-e meeting, the following agreement about multi-PDSCH scheduling has been achieved.
Agreement:
For a DCI that can schedule multiple PDSCHs,
· MCS for the 1st TB: This appears only once in the DCI and applies commonly to the first TB of each PDSCH
· NDI for the 1st TB: This is signaled per PDSCH and applies to the first TB of each PDSCH
· RV for the 1st TB: This is signaled per PDSCH, with 2 bits if only a single PDSCH is scheduled or 1 bit for each PDSCH otherwise and applies to the first TB of each PDSCH
· HARQ process number: This applies to the first scheduled PDSCH and is incremented by 1 for subsequent PDSCHs (with modulo operation, if needed)
· FFS:
· MCS/NDI/RV for the 2nd TB for each PDSCH, including whether scheduling of the 2nd TB for each PDSCH can be supported or not
· Details of resource allocation related fields such as VRB-to-PRB mapping, PRB bundling size indicator, rate matching indicator, and ZP CSI-RS trigger
· Whether/how to signal CBGFI/CBGTI if CBGFI/CBGTI is supported for multi-PDSCH scheduling
· Details of fields that are common with multi-PUSCH scheduling, e.g., TDRA, FDRA, priority indicator, including potential enhancements


In above agreement there is an FFS point about details of resource allocation related fields such as VRB-to-PRB mapping, PRB bundling size indicator, rate matching indicator, and ZP CSI-RS trigger. During RAN1#105-e meeting, this issue was deprioritized due to limited input and time.
In our opinion, a same simple principle can be applied to each of these resource allocation related fields. For example, a field in the scheduling DCI can be equally applied to each scheduled PDSCH. Alternatively, the field in the scheduling DCI is applied to the first scheduled PDSCH, and for the remaining scheduled PDSCH(s), if any, some predefined or configured rules may be applied. Applying the indication to each scheduled PDSCH can be supported for simplicity.
Proposal 20: Each of resource allocation related fields in the DCI scheduling multiple PDSCHs is applied equally to each scheduled PDSCH, including VRB-to-PRB mapping, PRB bundling size indicator, rate matching indicator, and ZP CSI-RS trigger.
4.2 HARQ-ACK feedback for multi-PDSCH scheduling
4.2.1 HARQ-ACK feedback timing
During RAN1#104-e meeting, the following agreement about HARQ-ACK feedback timing for multi-PDSCH scheduling has been achieved with an FFS point for multiple PUCCHs carrying HARQ-ACK feedback.
Agreement:
· For a DCI scheduling multiple PDSCHs, HARQ-ACK information corresponding to PDSCHs scheduled by the DCI is multiplexed with a single PUCCH in a slot that is determined based on K1,
· where K1 (indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI or provided by dl-DataToUL-ACK if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI) indicates the slot offset between the slot of the last PDSCH scheduled by the DCI and the slot carrying the HARQ-ACK information corresponding to the scheduled PDSCHs.
· It is noted that granularity of K1 can be separately discussed.
· FFS: If needed, further discuss whether or not HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s)


With respect to the FFS point, i.e. whether or not HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s), it was deprioritized during RAN1#105-e meeting due to limited time. 
From our perspective, it is beneficial to report HARQ-ACK information corresponding to different PDSCHs scheduled by a DCI on different PUCCH(s), since it can help to decrease the feedback delay for PDSCH(s) transmitted earlier, as well as release the corresponding HARQ process(es) timelier. 
[bookmark: _Ref68475403]Proposal 21: For multi-PDSCH scheduling, support reporting HARQ-ACK information corresponding to different PDSCHs scheduled by a DCI on different PUCCH(s).


[bookmark: _Ref68253152]Figure 1 Reporting HARQ-ACK for different subset of PDSCHs scheduled by a DCI on different PUCCHs
When reporting HARQ-ACK information corresponding to different PDSCHs scheduled by a DCI on different PUCCH(s), the PDSCHs scheduled by a single DL DCI can be divided into serval subsets based on some predefined rule(s) or dynamic indication in the DCI, and HARQ-ACK feedback for each subset of PDSCH(s) can be carried on a different PUCCH, as illustrated in Figure 1. How to divide the PDSCHs scheduled by a single DL DCI, as well as indicate or determine more than one PUCCH, should be studied further.
[bookmark: _Ref68475411]Proposal 22: For reporting HARQ-ACK feedback on different PUCCHs, further study how to divide the PDSCHs scheduled by a single DL DCI, as well as indicate or determine more than one PUCCH carrying HARQ-ACK feedback.
4.2.2 Type-1 HARQ-ACK codebook
For Type-1 HARQ-ACK codebook, when multi-PDSCH scheduling is configured, it should be guaranteed that for each of all PDSCHs potentially scheduled based on the TDRA table to apply and the adopted solution to indicate/determine HARQ-ACK feedback timing, for which the corresponding HARQ-ACK feedback is reported in a HARQ-ACK codebook, there is a corresponding HARQ-ACK bit(s) in the HARQ-ACK codebook. So legacy Type-1 HARQ-ACK codebook should be enhanced to achieve this target. 
During RAN1#105-e meeting, the following agreement about enhancements for Type-1 HARQ-ACK codebook when multi-PDSCH scheduling is enabled has been achieved.
Agreement:
For enhancements of generating type-1 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, the set of candidate PDSCH reception occasions corresponding to a UL slot with HARQ-ACK transmission is determined based on a set of DL slots and a set of SLIVs corresponding to each DL slot belonging to the set of DL slots.
· The set of DL slots includes all the unique DL slots that can be scheduled by any row index r of TDRA table in DCI indicating the UL slot as HARQ-ACK feedback timing.
· The set of SLIVs corresponding to a DL slot (belonging to the set of DL slots) at least include all the SLIVs that can be scheduled within the DL slot by any row index r of TDRA table in DCI indicating the UL slot as HARQ-ACK feedback timing.
· FFS: details of further pruning of the set of SLIVs
· FFS: impact if receiving more than one PDSCH in a slot is allowed, e.g., handling of overlapped SLIVs from different rows in the same and different DL slot
· FFS impact of time domain bundling, if supported


Based on the above agreement, the set of SLIVs corresponding to a DL slot from the set of DL slots can include all the SLIVs that can be scheduled within the DL slot by any row index r of TDRA table in DCI indicating the UL slot, where the generated Type-1 codebook will be transmitted, as HARQ-ACK feedback timing. Alternatively, the set of SLIVs corresponding to the DL slot may be the union of SLIVs over all rows in the TDRA table. The former way, i.e., only considering all the SLIVs that can be scheduled within the DL slot, may result in smaller codebook size, therefore is preferred from overhead perspective.
Regarding the first FFS, i.e. details of further pruning of the set of SLIVs, related operations in Rel-15/16 can be reused or regarded as the starting point. For example, for the set of SLIVs corresponding to a DL slot, each SLIV that collides with at least a semi-static UL symbol will be removed from the set, since it would not be transmitted in actual. After that, if the updated set of SLIVs is empty, no occasion will be allocated to the DL slot. Otherwise, if at most one PDSCH can be received in a DL slot, a single occasion will be allocated directly to the DL slot with a non-empty set of SLIVs, else, SLIV grouping can be performed within the non-empty set of SLIVs to divide all SLIVs in the set into one or more SLIV groups based on overlapping among SLIVs, where each SLIV group can be allocated with a respective occasion. An example is illustrated in Figure 2.


[bookmark: _Ref79050734]Figure 2 Determining occasion mapping within the set of SLIVs corresponding to each DL slot
(Starting point)
Proposal 23: As the starting point, for the set of SLIVs corresponding to each DL slot of the set of DL slots, SLIV pruning and grouping operations in Rel-15/16 can be reused to determine the subset of occasions corresponding to the DL slot.
Regarding the second FFS, i.e. handling of overlapped SLIVs from different rows in the same and different DL slot, if more than one PDSCH can be received in a DL slot, SLIV grouping can be enhanced based on overlapping among different rows considering not only overlapping within the DL slot but also that in other DL slots occupied by any row. An example can be found in Figure 3. Compared to the occasion mapping in Figure 2, in DL slots 4, 9 and 11 in Figure 3, the numbers of occasions are reduced from 3 to 2, which are marked with red dotted boxes, thus the codebook size will be reduced accordingly. 


[bookmark: _Ref79052018]Figure 3 Determining occasion mapping within the set of SLIVs corresponding to each DL slot
(With enhancement)
Proposal 24: For the set of SLIVs corresponding to each DL slot of the set of DL slots, SLIV grouping within the set of SLIVs can be enhanced based on overlapping among different rows considering not only overlapping within the DL slot but also that in other DL slots occupied by any row, in order to avoid redundant bits and reduce codebook size.
In addition, time domain bundling is an efficient way to reduce the HARQ-ACK codebook size, and when it could be combined with Type-1 codebook, the codebook size can be controlled based on configurable bundling granularity while keeping semi-static. So it is beneficial to study Type-1 codebook in conjunction with time domain bundling.
[bookmark: _Ref68475420]Proposal 25: Study Type-1 HARQ-ACK codebook in conjunction with time domain bunding for multi-PDSCH scheduling.
4.2.3 Type-2 HARQ-ACK codebook
During RAN1#104-e meeting, the following agreement about DAI counting for Type-2 HARQ-ACK codebook has been achieved.
Agreement:
For generating type-2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, the following alternatives can be considered to DAI counting and will be down-selected in RAN1#104bis-e.
· Alt 1: C-DAI/T-DAI is counted per DCI.
· Alt 2: C-DAI/T-DAI is counted per PDSCH.
· Alt 3: C-DAI/T-DAI is counted per M scheduled PDSCH(s), where M is configurable (e.g., 1, 2, 4, …).
· FFS: Codebook generation details
· FFS: How to signal DAI values (e.g., increase of DAI bits for Alt 2 and Alt 3)
· FFS: Whether to apply time domain bundling of HARQ-ACK feedback


During RAN1#104b-e meeting, separate conclusion has been made further for each of the above three alternatives for DAI counting, to ensure common understanding about details for each alternative among different companies before further down-selection.
During RAN1#105-e meeting, discussions were focused on Alt 1 and Alt 2, where more details about each alternative have been agreed.
From our perspective, Alt 1 will have more impact on the codebook generation, since an increment for the DAI value may correspond to one or more PDSCHs, the number of which is flexible, so either the maximum number of PDSCHs scheduled by one DCI should be considered and corresponding HARQ-ACK bits should be reserved when constructing the Type-2 codebook resulting in more overhead, or time domain bundling should be always enabled e.g. among all the PDSCHs scheduled by one DCI, resulting in more inefficient retransmission. 
Based on Alt 2, multi-PDSCH scheduling will have no or little impact on the codebook generation, but due to that a single DCI can schedule more than one PDSCH, DCI miss-detection issue will become more critical, since in Rel-15/16 NR a DAI is indicated by only two bits, allowing no more than 3 consecutive PDSCHs missing when no ambiguity about the codebook size is expected between UE and gNB. In this regard, the DAI bits may be increased to ease this issue, and the target number of DAI bits may be dependent on the maximum number of PDSCHs that can be scheduled by a single DCI.
To reuse the legacy codebook construction as much as possible, Alt 2 is preferred. 
[bookmark: _Ref68475425]Proposal 26: For Type-2 HARQ-ACK codebook for multi-PDSCH scheduling, support Alt 2, i.e. C-DAI/T-DAI is counted per PDSCH.
[bookmark: _Ref68475429]So far, the maximum number of PDSCHs that can be scheduled by a single DCI has been determined, i.e. 8 for SCS of 480 and 960 kHz. During RAN1#104b-e meeting, it was proposed that C-DAI/T-DAI in DL DCI and T-DAI in UL DCI need to be increased to 2+log2(N_max) bits for each field where N_max equals to the maximum configured number of PDSCHs for multi-PDSCH scheduling DCI across serving cells belonging to the same PUCCH cell group. Here 2 corresponds to 2 bits DAI in legacy mechanism, allowing no more than 3 consecutive PDSCHs missing. The DL DCI and UL DCI can be regarded as non-fallback DCI format in respective transmission direction. During RAN1#105-e meeting, it was emphasized that the DAI bit width and number of sub-codebooks shall ensure that at most 3 consecutive missed DCIs can be resolved, same as in Rel-15/16 NR, and no additional gNB’s scheduling restriction is expected. From our perspective, it is reasonable that C-DAI/T-DAI in DL non-fallback DCI format and T-DAI in UL non-fallback DCI format are increased to 2+log2(N_max) bits for each field. 
Proposal 27: C-DAI/T-DAI in DL non-fallback DCI format and T-DAI in UL non-fallback DCI format are increased to 2+log2(N_max) bits for each field, where N_max equals to the maximum configured number of PDSCHs for multi-PDSCH scheduling DCI across serving cells belonging to the same PUCCH cell group.
During RAN1#105-e meeting it was agreed that the bit width of counter DAI field in fallback DCI formats (i.e., DCI formats 0_0 and 1_0) remains the same as in Rel-15 NR. Since the C-DAI/T-DAI in DL non-fallback DCI format and T-DAI in UL non-fallback DCI format may be increased as described above, different DAI bit widths may be involved in a same HARQ-ACK codebook. To deal with different DAI bit widths, a simple way is that each DAI bit width corresponds to a respective sub-codebook. As a result, the number of sub-codebooks will be 2 when for non-fallback DCI formats the corresponding DAI bit widths are increased.
Proposal 28: When for non-fallback DCI formats the corresponding DAI bit widths are increased, each DAI bit width can correspond to a respective sub-codebook, and there can be two sub-codebooks, one for fallback DCI formats and the other for non-fallback DCI formats.
To control or reduce the codebook size, time domain bundling can be introduced for Type-2 codebook as well. E.g., the bundling granularity can be configurable, to enable the tradeoff between the feedback overhead and retransmission efficiency.
[bookmark: _Ref68475435]Proposal 29: Study Type-2 HARQ-ACK codebook in conjunction with time domain bunding for multi-PDSCH scheduling.
5. [bookmark: _GoBack]Conclusion
In this contribution, we first discuss the design for PTRS and DMRS, then the processing timeline, finally, the multi-PDSCH/PUSCH scheduling and feedback related design. We have the following observations and proposals.
1> PTRS density in frequency for CP-OFDM: K_PTRS = 1 or K_PTRS = 0.5
Observation 1:
· The performance of de-ICI (3-tap filter) with K_PTRS = 2 is worse than K_PTRS = 1 or K_PTRS = 0.5 when PDSCH RB number <= 16;
· When PDSCH RB number <= 16, CPE only with K_PTRS = 2 has much better performance than de-ICI with K_PTRS = 1 or K_PTRS = 0.5.
· For all evaluated cases, the preferred method for PN compensation (with the best performance) is shown in Table 4. The best performance is obtained with legacy PTRS density in frequency, i.e. K_PTRS = 2. There’s no motivation to justify higher PTRS density in frequency domain for small RB allocation.
Proposal 1: There is no need to introduce higher PTRS frequency density as K_PTRS = 1 or K_PTRS = 0.5 for NR operation in 52.6 to 71 GHz in Rel-17.

2> PTRS pattern for CP-OFDM: block-based PTRS pattern
Observation 2: With current simulation parameters, the performance of de-ICI with Rel-15 PTRS pattern outperforms the performance of block-based PTRS pattern with cyclic ZC sequence.
Proposal 2: Do not support block-based PTRS pattern with cyclic ZC sequence for NR operation in 52.6 to 71 GHz in Rel-17.
Observation 3: For block-based PTRS pattern with zero-power RE, the performance of ‘6dB power boosting’ is around 2.5 dB worse than that of ‘full power boosting’ for SNR achieving 10% iBLER.
Proposal 3: Do not support block-based PTRS pattern with zero-power RE for NR operation in 52.6 to 71 GHz in Rel-17.

3> PTRS density in time for DFT-s-OFDM
Observation 4: For MCS-7, MCS-16 and MCS-22, the performance gap is less than 0.8 dB between (CN, CS) = (8, 4) and the configuration with the best performance.
Observation 5: For MCS-26 and PUSCH RB number as 256, configuration (CN, CS) = (16, 4) achieves best performance.
Proposal 4: The necessity to introduce more PTRS chunk number needs further discussion as there is no significant performance benefit. If a new configuration with more PTRS chunk number needs to be added, the SCS and MCS should be within the condition of applying this configuration.

4> DMRS pattern
Observation 6:
· Comparing with legacy pattern (type-1 with FD-OCC), ‘type-1 no FD-OCC’ has obvious performance gain for DS >= 20ns;
· ‘DMRS on every RE with FD-OCC’ has better performance than ‘Type-1 with FD-OCC’ and ‘Type-1 no FD-OCC’, and the performance between DMRS on every RE with/without FD-OCC is very close;
· ‘Type-1 no FD-OCC’ and ‘DMRS on every RE with FD-OCC’ still support 2-port transmission, which can be used for MU-MIMO or 2-layer transmission for single UE;
· ‘Type-1 no FD-OCC’ still supports data multiplexing in DMRS symbols, while ‘DMRS on every RE’ can’t support this.
· ‘Type-2 no FD-OCC’ has better performance than ‘Type-2 with FD-OCC’, and the gain on SCS-960KHz is higher than the gain on SCS-480KHz;
· The performance of ‘Type-2 no FD-OCC’ is a little worse than that of ‘Type-1 no FD-OCC’.
Proposal 5: Support ‘type-1 no FD-OCC’ for NR operation in 52.6 to 71 GHz with 480 kHz and 960 kHz SCS in Rel-17.
Proposal 6: Do no introduce new DMRS pattern with increased frequency domain density (in number of subcarriers) than the existing DMRS patterns for NR operation in 52.6 to 71 GHz with 480 kHz and/or 960 kHz SCS in Rel-17.

5> Processing timeline aspects
Proposal 7: To design the timeline, we may need to investigate more on the target performance for a given UE and UE capability limitation.
Proposal 8: The default set for PDSCH-to-HARQ_feedback timing indicator should be adapted to the SCS of PDSCH.

6> DCI design for multi-PDSCH/PUSCH scheduling
Proposal 9: The maximum number, i.e. 8, of PDSCHs/PUSCHs that can be scheduled with a single DCI is uniformly applied to all SCSs, with no further restriction or UE capability.
Proposal 10: To enable that PDSCHs/PUSCHs in a row of the TDRA table can be indicated in consecutive or non-consecutive slots, each SLIV corresponding to a PDSCH/PUSCH is configured with a respective K0/K2 in the row.
Proposal 11: Support more than one PDSCH/PUSCH scheduled within a slot as legacy NR Rel-15/16.
Proposal 12: No HARQ process is required to be allocated to a scheduled PDSCH/PUSCH that is collided with semi-static uplink/downlink symbol(s).
Proposal 13: Legacy frequency domain scheduling in NR Rel-15/16 is reused for multi-PUSCH/PDSCH scheduling.
Proposal 14: It can be clarified that the URLLC related fields in the DCI scheduling multiple PUSCHs are applied equally to each scheduled PUSCH, including priority indicator and open-loop power control parameter set indication.
Proposal 15: For CBG based scheduling, the same behaviour for multi-PUSCH scheduling with 120 kHz SCS is applied to 480/960 kHz SCS as well, i.e., CBG based scheduling is supported only when a DCI schedules a single PUSCH.
Proposal 16: There is no need to increase the maximum number of HARQ processes due to multi-PDSCH/PUSCH scheduling.
Proposal 17: For frequency hopping for multi-PUSCH scheduling, it should be clarified which frequency hopping mode(s) is/are supported for multi-PUSCH scheduling in NR-U Rel-16, before any further potential enhancement is discussed.
Proposal 18: Multi-PDSCH scheduling is applicable to 120 kHz SCS, as well as 480 and 960 kHz SCSs.
Proposal 19: Two codewords should be supported for multi-PDSCH scheduling.
Proposal 20: Each of resource allocation related fields in the DCI scheduling multiple PDSCHs is applied equally to each scheduled PDSCH, including VRB-to-PRB mapping, PRB bundling size indicator, rate matching indicator, and ZP CSI-RS trigger.

7> HARQ-ACK feedback for multi-PDSCH scheduling
Proposal 21: For multi-PDSCH scheduling, support reporting HARQ-ACK information corresponding to different PDSCHs scheduled by a DCI on different PUCCH(s).
Proposal 22: For reporting HARQ-ACK feedback on different PUCCHs, further study how to divide the PDSCHs scheduled by a single DL DCI, as well as indicate or determine more than one PUCCH carrying HARQ-ACK feedback.
Proposal 23: As the starting point, for the set of SLIVs corresponding to each DL slot of the set of DL slots, SLIV pruning and grouping operations in Rel-15/16 can be reused to determine the subset of occasions corresponding to the DL slot.
Proposal 24: For the set of SLIVs corresponding to each DL slot of the set of DL slots, SLIV grouping within the set of SLIVs can be enhanced based on overlapping among different rows considering not only overlapping within the DL slot but also that in other DL slots occupied by any row, in order to avoid redundant bits and reduce codebook size.
Proposal 25: Study Type-1 HARQ-ACK codebook in conjunction with time domain bunding for multi-PDSCH scheduling.
Proposal 26: For Type-2 HARQ-ACK codebook for multi-PDSCH scheduling, support Alt 2, i.e. C-DAI/T-DAI is counted per PDSCH.
Proposal 27: C-DAI/T-DAI in DL non-fallback DCI format and T-DAI in UL non-fallback DCI format are increased to 2+log2(N_max) bits for each field, where N_max equals to the maximum configured number of PDSCHs for multi-PDSCH scheduling DCI across serving cells belonging to the same PUCCH cell group.
Proposal 28: When for non-fallback DCI formats the corresponding DAI bit widths are increased, each DAI bit width can correspond to a respective sub-codebook, and there can be two sub-codebooks, one for fallback DCI formats and the other for non-fallback DCI formats.
Proposal 29: Study Type-2 HARQ-ACK codebook in conjunction with time domain bunding for multi-PDSCH scheduling.
6. Appendix: 
6.1 Evaluations of PTRS density in frequency for CP-OFDM
6.1.1 Simulation parameters
[bookmark: _Ref68163398][bookmark: _Ref40463709]Table 12 Simulation parameters for PTRS density in frequency (K_PTRS = 1 or 0.5) for CP-OFDM
	Parameters
	Value

	Carrier frequency (GHz)
	60

	PUSCH Bandwidth (MHz)
	400

	Waveform
	CP-OFDM

	Antenna configuration
	TDL-A: 2T2R

	MIMO Layer
	1

	SCS (KHz)
	120/480/960

	Phase noise model
	TR38.803 Example 2

	MCS
	NR Rel-15 MCS Table

	MIMO reception algorithm
	MMSE

	Channel model
	TDL-A, 3km/h.

	DS (ns)
	10

	FFT size
	4096/1024/512

	PTRS frequency density (1/RB)
	2, 1, 0.5.

	PDSCH allocation (RB)
	8, 16, 32 for SCS of 120 KHz;
8, 16, 32 for SCS of 480 KHz;
8, 16, 32 for SCS of 960 KHz.

	Modulation (Coderate)
	QPSK: 526/1024, i.e. MCS 7.
16QAM: 658/1024, i.e. MCS 16.
64QAM: 666/1024, i.e. MCS 22.
64QAM: 873/1024, i.e. MCS 26.

Note: Assume NohPRB = 0 for MCS calculations.

	Phase noise compensation methods
	a) CPE only;
b) Direct de-ICI filtering approach (Rel-15 PTRS structure, 3 taps).


6.1.2 Simulation results
[image: ]
[bookmark: _Ref78553982]Figure 1 Performance for SCS of 120kHz, DS of 10ns and MCS of 7
[image: ]
[bookmark: _Ref78553990]Figure 2 Performance for SCS of 120kHz, DS of 10ns and MCS of 16
[image: ] 
[bookmark: _Ref78554053]Figure 3 Performance for SCS of 120kHz, DS of 10ns and MCS of 22
[image: ]
[bookmark: _Ref78554062] Figure 4 Performance for SCS of 120kHz, DS of 10ns and MCS of 26
6.2 Evaluations of PTRS pattern for CP-OFDM
6.2.1 Simulation parameters
[bookmark: _Ref68474229]Table 13 Simulation parameters for block-based PTRS pattern for CP-OFDM
	Parameters
	Value

	Carrier frequency (GHz)
	60

	PUSCH Bandwidth (MHz)
	400

	Waveform
	CP-OFDM

	Antenna configuration
	TDL-A: 2T2R

	MIMO Layer
	1

	SCS (KHz)
	120

	Phase noise model
	TR38.803 Example 2

	MCS
	NR Rel-15 MCS Table

	MIMO reception algorithm
	MMSE

	Channel model
	TDL-A, 3km/h.

	DS (ns)
	5, 10, 20

	FFT size
	4096

	PTRS density in frequency: K_PTRS
	4

	PN compensation methods
	a) CPE only;
b) De-ICI with Rel-15 PTRS pattern;
c) De-ICI with cyclic ZC sequence.
d) De-ICI with ZP RE;

	Tap number for de-ICI and ICI filter approximation
	5

	PUSCH allocation (RB)
	256

	Modulation (Coderate)
	64QAM: 666/1024, i.e. MCS 22.

Note: Assume NohPRB = 0 for MCS calculations.

	Power boosting
	For method a, b and c,
3 dB power boosting is applied to both block PTRS and distributed PTRS.

For method d, 6 dB power boosting is applied to the NZP RE in the block PTRS.
For method d, full power boosting where 12.6 dB power boosting is applied to NZP RE in the block PTRS.


6.2.2 Simulation results
Evaluation on block-based PTRS pattern with cyclic ZC sequence

[image: ]
[bookmark: _Ref78554422]Figure 5 SCS=120kHz, PDSCH BW = 400MHz, DS = 5ns
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[bookmark: _Ref78554458]Figure 6 SCS=120kHz, PDSCH BW = 400MHz, DS = 10ns


[image: ]
[bookmark: _Ref78554465]Figure 7 SCS=120kHz, PDSCH BW = 400MHz, DS = 20ns


Evaluation on block-based PTRS pattern with zero-power REs
[image: ]
[bookmark: _Ref79180053]Figure 8 Performance comparison between different power boosting (SCS=120kHz, PDSCH BW = 400MHz, DS = 5ns)
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[bookmark: _Ref79180067]Figure 9 Performance comparison between different power boosting (SCS=120kHz, PDSCH BW = 400MHz, DS = 10ns)
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[bookmark: _Ref79180083]Figure 10 Performance comparison between different power boosting (SCS=120kHz, PDSCH BW = 400MHz, DS = 20ns)
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[bookmark: _Ref79183155]Figure 11 Performance comparison between ICI compensation methods (SCS=120kHz, PDSCH BW = 400MHz, DS = 5ns)
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[bookmark: _Ref79183250]Figure 12 Performance comparison between ICI compensation methods (SCS=120kHz, PDSCH BW = 400MHz, DS = 10ns)
[image: ]
[bookmark: _Ref79183261]Figure 13 Performance comparison between ICI compensation methods (SCS=120kHz, PDSCH BW = 400MHz, DS = 20ns)

6.3 Evaluations of PTRS density in time for DFT-s-OFDM
6.3.1 Simulation parameters
[bookmark: _Ref68179238]Table 14 Simulation parameters for PTRS density in time for DFT-s-OFDM
	Parameters
	Value

	Carrier frequency (GHz)
	60

	PUSCH Bandwidth (MHz)
	400

	Waveform
	DFT-s-OFDM

	Antenna configuration
	TDL-A: 2T2R

	MIMO Layer
	1

	SCS (KHz)
	120

	Phase noise model
	TR38.803 Example 2

	MCS
	NR Rel-15 MCS Table

	MIMO reception algorithm
	MMSE

	Channel model
	TDL-A, 3km/h.

	DS (ns)
	10, 20

	FFT size
	4096

	PTRS chunk number and chunk size (CN, CS)
	a) (CN, CS) = (8, 4);
b) (CN, CS) = (16, 2);
c) (CN, CS) = (16, 4);
d) (CN, CS) = (8, 8);
e) (CN, CS) = (12, 4).

	PUSCH allocation (RB)
	256, 128, 64.

	Modulation (Coderate)
	QPSK: 526/1024, i.e. MCS 7.
16QAM: 658/1024, i.e. MCS 16.
64QAM: 666/1024, i.e. MCS 22.
64QAM: 873/1024, i.e. MCS 26.

Note: Assume NohPRB = 0 for MCS calculations.


[bookmark: _Ref78554959]6.3.2 Simulation results
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[bookmark: _Ref78555013]Figure 14 DS = 10ns, MCS = 7
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Figure 15 DS = 10ns, MCS = 16
[image: ]
Figure 16 DS = 10ns, MCS = 22
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Figure 17 DS = 10ns, MCS = 26
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Figure 18 DS = 20ns, MCS = 7
[image: ]
Figure 19 DS = 20ns, MCS = 16
[image: ]
Figure 20 DS = 20ns, MCS = 22
[image: ]
[bookmark: _Ref78555022]Figure 21 DS = 20ns, MCS = 26
6.4 Evaluations of DMRS density in frequency and FD-OCC
6.4.1 Simulation parameters
[bookmark: _Ref68124554]Table 15 Simulation parameters for DMRS for CP-OFDM
	Parameters
	Value

	Carrier frequency (GHz)
	60

	PDSCH Bandwidth (MHz)
	400

	Waveform
	CP-OFDM

	Antenna configuration
	TDL-A: 2T2R

	MIMO Layer
	1

	SCS (KHz)
	480/960

	Phase noise model
	TR38.803 Example 2

	Phase noise compensation
	CPE only

	PTRS density in frequency: K_PTRS
	4

	MCS
	NR Rel-15 MCS Table

	MIMO reception algorithm
	MMSE

	Channel model
	TDL-A, 3km/h.

	DS (ns)
	10/20/40

	FFT size
	1024/512 for 480/960 KHz respectively.

	DMRS pattern
	a) Type-1 with FD-OCC, 3-dB power boosting;
b) Type-1 no FD-OCC, 3-dB power boosting;
c) DMRS on every RE with FD-OCC, no power boosting;
d) DMRS on every RE no FD-OCC, no power boosting;
e) Type-2 with FD-OCC, 4.77-dB power boosting;
f) Type-2 no FD-OCC, 4.77-dB power boosting.

	PDSCH allocation (RB)
	64/32 for SCS of 480/960 KHz respectively.

	Modulation (coderate)
	64QAM: 666/1024, i.e. MCS 22.
64QAM: 873/1024, i.e. MCS 26.

Note: Assume NohPRB = 0 for MCS calculations.


6.4.2 Simulation results
[image: ]
[bookmark: _Ref78557448]Figure 22 DS = 10ns, MCS = 22
[image: ] Figure 23 DS = 10ns, MCS = 26
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Figure 24 DS = 20ns, MCS = 22
[image: ] Figure 25 DS = 20ns, MCS = 26
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[bookmark: _Hlk78557100]Figure 26 DS = 40ns, MCS = 22
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[bookmark: _Ref78557454]Figure 27 DS = 40ns, MCS = 26
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PDSCH RB num = 256, K PTRS = 4, MCS 22, tap num = 5, DS = 5

CPE only

de-ICI with Rel-15 ptrs pattern

de-ICI with block ptrs pattern and ZC sequence
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PDSCH RB num = 256, K PTRS = 4, MCS 22, tap num = 5, DS = 10

CPE only

de-ICI with Rel-15 ptrs pattern

de-ICI with block ptrs pattern and ZC sequence
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PDSCH RB num = 256, K PTRS = 4, MCS 22, tap num = 5, DS = 20

CPE only

de-ICI with Rel-15 ptrs pattern

de-ICI with block ptrs pattern and ZC sequence
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PDSCH RB num = 256, K PTRS = 4, MCS 22, tap num = 5, DS = 5

De-ICI with block ptrs pattern and ZC sequence, 6 dB power boosting

De-ICI with block ptrs pattern and ZC sequence, full boosting
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PDSCH RB num = 256, K PTRS = 4, MCS 22, tap num = 5, DS = 10

De-ICI with block ptrs pattern and ZC sequence, 6 dB power boosting

De-ICI with block ptrs pattern and ZC sequence, full boosting


image15.emf
10 12 14 16 18 20 22 24 26

SNR

10

-4

10

-3

10

-2

10

-1

10

0

B

L

E

R

PDSCH RB num = 256, K PTRS = 4, MCS 22, tap num = 5, DS = 20

De-ICI with block ptrs pattern and ZC sequence, 6 dB power boosting

De-ICI with block ptrs pattern and ZC sequence, full boosting
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PDSCH RB num = 256, K PTRS = 4, MCS 22, tap num = 5, DS = 5

De-ICI with block ptrs pattern and ZC sequence

ICI filter approximation with block ptrs pattern and ZC sequence
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PDSCH RB num = 256, K PTRS = 4, MCS 22, tap num = 5, DS = 10

De-ICI with block ptrs pattern and ZC sequence

ICI filter approximation with block ptrs pattern and ZC sequence
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PDSCH RB num = 256, K PTRS = 4, MCS 22, tap num = 5, DS = 20

De-ICI with block ptrs pattern and ZC sequence

ICI filter approximation with block ptrs pattern and ZC sequence
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(CN, CS) = (8, 4) (CN, CS) = (16, 2) (CN, CS) = (16, 4) (CN, CS) = (8, 8) (CN, CS) = (12, 4)

7 4.96/7.46 5.58/8.22 4.83/7.33 4.45/6.93 4.82/7.39

16 11.53/14.15 11.62/14.25 11.38/13.99 11.41/13.96 11.39/14.03

22 17.58/20.87 17.04/19.91 16.81/19.68 17.34/20.50 16.93/19.9

26 -/- -/- 24.65/- -/- -/-

7 5.19/8.08 5.85/8.79 5.26/8.17 4.70/7.69 5.16/8.11

16 11.71/14.84 11.98/15.03 11.87/15.01 11.90/14.99 11.79/14.86

22 17.42/20.90 17.20/20.55 17.31/20.69 17.65/21.05 17.31/20.62

26 -/- 23.01/- 23.51/- -/- 24.01/-

7 5.18/8.77 5.92/9.57 5.34/9.07 5.07/8.67 5.23/8.91

16 11.98/15.65 12.11/15.79 12.21/15.99 12.24/16.00 12.15/15.79

22 17.44/21.81 17.29/21.59 17.92/22.25 18.20/22.47 17.60/22.02

26 26.54/- 23.29/- 25.48/- -/- 24.75/-

128

64

MCS

SNR in dB to achieve 10%/1% iBLER for SCS-120kHz

pusch rb

number

256

Table 2 Performance comparison for different PTRS chunk number and chunk size (DS = 10 ns)
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26 -/- -/- -/- -/- -/-
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26 -/- 23.61/- 26.94/- -/- 25.73/-

256

128

64

Table 3 Performance comparison for different PTRS chunk number and chunk size (DS = 20 ns)

pusch rb

number

MCS

SNR in dB to achieve 10%/1% iBLER for SCS-120kHz


