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1. Introduction
In RAN1#104-e, the following agreements were reached for processing timeline, PTRS, DMRS related design [1]:
1> Timeline related agreements.
[bookmark: _Hlk58583563]Further study at least the following aspects of timelines to support both single PDSCH/PUSCH and multi-PDSCH/PUSCH scheduling for NR operation in 52.6 GHz to 71 GHz.
· Time unit and applicability to selected timelines
· Value and/or range of value
· Potential impact on UE capability
· The following UE processing timelines are prioritized for discussion
· PDSCH processing time (N1), PUSCH preparation time (N2), HARQ-ACK multiplexing timeline (N3)
· configuration(s)/default values of k0 (PDSCH), k1 (HARQ), k2 (PUSCH)
· CSI processing time, Z1, Z2, and Z3, and CSI processing units
· Note: the order of the above sub-bullets represents the priority for discussion in descending order
· Companies are encouraged to provide preferred values/ranges of timelines for discussion.
2> PTRS design for CP-OFDM related agreements.
At least existing PTRS design for CP-OFDM is supported for NR operation in 52.6 to 71 GHz.
Companies are encouraged to study the need of potential PTRS enhancement for CP-OFDM with respect to phase noise compensation performance considering at least the following aspects:
· PTRS density/pattern (e.g. distributed, block-based) and sequence (e.g. cyclic sequence)
· Frequency domain power boosting and its impact to PDSCH performance and PDSCH to DMRS EPRE
· Receiver complexity, including possible aspects related to supporting both existing PTRS design and potential PTRS enhancement
· Possible specification impact of supporting potential PTRS enhancement in addition to existing PTRS design
· Note: PTRS overhead should be accounted for in the evaluations, e.g. by showing spectral efficiency results and/or reporting effective coding rate
Note: the decision to support potential enhanced PTRS design in addition to existing PTRS design will be made based on performance benefit, receiver complexity and specification effort aspects of enhanced PTRS design together and not purely on the considerations of the specification effort caused by supporting potential enhanced PTRS design in addition to existing PTRS design.
3> PTRS design for DFT-s-OFDM related agreements.
Companies are encouraged to 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
4> DMRS related agreements.
· Existing DMRS patterns are supported for NR operation in 52.6 to 71 GHz with 120 kHz SCS.
· At least existing DMRS patterns are supported for NR operation in 52.6 to 71 GHz with 480 kHz and/or 960 kHz SCS.
· Further study on whether to introduce different 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.
· Further study on whether and how to restrict DMRS port configuration (e.g., the number of DMRS ports) as in FR2 for NR operation in 52.6 to 71 GHz with 480 kHz and/or 960 kHz SCS.
· Further study on at least the following aspects of potential DMRS enhancement with respect to FD-OCC:
· whether to support a configuration of DMRS in which FD-OCC is not applied for 480 kHz and 960 kHz SCS
Applicability to Type-1 and/or Type-2 DMRS
Details on whether and how to indicate that FD-OCC is not applied to DMRS port
Impact to UE multiplexing capacity and inter-UE interference in MU-MIMO
[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 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
Higher PTRS density in frequency (K_PTRS = 1) for Rel-15 PTRS pattern was raised [2] for further study during last meeting. It was argued that this may help improving the performance of de-ICI when the PDSCH RB number is small because the performance of de-ICI depends a lot on the number of PTRS tones used for the calculation within each OFDM symbol.
Here we perform link-level simulation 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 5, and the TB size is fixed regardless of the PTRS overhead.
[image: ]Figure 1 Performance for SCS of 120kHz, DS of 10ns and MCS of 7
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Figure 2 Performance for SCS of 120kHz, DS of 10ns and MCS of 16
[image: ] Figure 3 Performance for SCS of 120kHz, DS of 10ns and MCS of 22
[image: ] Figure 4 Performance for SCS of 120kHz, DS of 10ns and MCS of 26
From the simulation results above, we have the observation below.
[bookmark: _Ref68170151]Observation 1:
· The performance of de-ICI with K_PTRS = 2 is the worst when PDSCH RB number <= 8, and K_PTRS = 1 helps to improve the performance of de-ICI in this case;
· When PDSCH RB number <= 8, CPE only with K_PTRS = 2 has much better performance than de-ICI with K_PTRS = 1.
· de-ICI with K_PTRS = 1 is not the preferred PN compensation method (i.e. with the best performance) for different simulation setup (the number of RB allocation, SCS and MCS). Therefore, there is no benefit to introduce K_PTRS = 1 in terms of performance.
Table 1 preferred PN compensation method according to the simulation setup
	SCS (kHz)/MCS
	7
	16
	22
	26

	120
	CPE only (K_PTRS=2)
	CPE only (K_PTRS=2)
	If PDSCH RB num <= 32, use CPE only (K_PTRS=2); else, use de-ICI (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.

· PTRS pattern: block-based PTRS pattern
In the last meeting, [6] argued that the block-based PTRS pattern with cyclic sequence has better performance than de-ICI with Rel-15 PTRS pattern, while [3] showed that good BLER performance can be achieved by block-based PTRS pattern with cyclic constant modulus sequence, like the 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;
c) ICI filter approximation with one block and same overhead as Rel-15 PTRS pattern, use Rel-15 transmitted PTRS symbols;
d) ICI filter approximation with one block and same overhead as Rel-15 PTRS pattern, use cyclic ZC sequence as transmitted PTRS symbols.
Simulation parameters are listed in Table 6.
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Figure 5 Performance for PDSCH RB number of 128 and MCS of 22
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Figure 6 Performance for PDSCH RB number of 256 and MCS of 22
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Figure 7 Performance for PDSCH RB number of 128 and MCS of 26
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Figure 8 Performance for PDSCH RB number of 256 and MCS of 26
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.

2.1.2 DFT-s-OFDM
For DFT-s-OFDM, it was proposed to consider the PTRS pattern with more PTRS groups within one DFT-s-OFDM symbol when a large number of PRBs is scheduled [3]. 
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) = (12, 2);
c) (CN, CS) = (16, 2);
d) (CN, CS) = (12, 4);
e) (CN, CS) = (16, 4);
f) (CN, CS) = (8, 8).
The simulation parameters are listed in Table 7 of Appendix.
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Figure 9 Performance for DS of 10ns and MCS of 7               Figure 10 Performance for DS of 10 ns and MCS of 16
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Figure 11 Performance for DS of 10ns and MCS of 22                Figure 12 Performance for DS of 10 ns and MCS of 26
Among different PTRS chunk number and chunk size, the performance of options with the best performance ((CN, CS) = (16, 4) or (8, 8)) and legacy one ((CN, CS) = (8, 4)) are listed below.
Table 2 Performance comparison for different PTRS chunk number and chunk size
	MCS
	SNR in dB to achieve 10% BLER for SCS-120kHz

	
	(CN, CS) = (16, 4)
	(CN, CS) = (8, 8)
	(CN, CS) = (8, 4)

	7
	4.83
	4.45
	4.96

	16
	11.38
	11.41
	11.53

	22
	16.81
	17.34
	17.58

	26
	24.65
	Not able to achieve 10% BLER
	Not able to achieve 10% BLER


[bookmark: _Ref68170160]Observation 3: For MCS-7, MCS-16 and MCS-22, the performance gap is less than 0.8 dB between (CN, CS) = (8, 4) and combination with the best performance; while for MCS-26, only the option (CN, CS) = (16, 4) can achieve 10% BLER. 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 this observation, 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 3: 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 investigate the DMRS pattern with increased frequency domain density [4] and the necessity of invalidating FD-OCC [5] 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 considered DMRS patterns include:
a) Type-1 with FD-OCC;
b) Type-1 no FD-OCC;
c) DMRS on every RE with FD-OCC;
d) DMRS on every RE no FD-OCC.
The simulation parameters are listed in Table 8 of Appendix.
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Figure 13 Performance for DS of 10ns and MCS of 22               Figure 14 Performance for DS of 10 ns and MCS of 26
[image: ][image: ] Figure 15 Performance for DS of 20ns and MCS of 22                Figure 16 Performance for DS of 20 ns and MCS of 26
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Figure 17 Performance for DS of 40ns and MCS of 22                Figure 18 Performance for DS of 40 ns and MCS of 26
Below are the performance comparisons for SCS as 960 KHz and 480 KHz respectively.
Table 3 Performance comparison for different DMRS patterns for SCS of 960 KHz
	DS (ns)
	MCS
	SNR to achieve 10% BLER for SCS=960kHz (dB)

	
	
	Type-1 with FD-OCC
	Type-1 no FD-OCC
	DMRS on every RE with FD-OCC
	DMRS on every RE no FD-OCC

	10
	22
	16.51
	16.32
	15.41
	15.38

	
	26
	24
	23.58
	23.02
	22.93

	20
	22
	18.75
	17.75
	16.48
	16.38

	
	26
	unable to achieve 10% BLER
	26.18
	25.29
	25.03

	40
	22
	unable to achieve 10% BLER
	19.82
	19.37
	18.87

	
	26
	unable to achieve 10% BLER
	unable to achieve 10% BLER
	unable to achieve 10% BLER
	unable to achieve 10% BLER



[bookmark: _Hlk68168072]Table 4 Performance comparison for different DMRS patterns for SCS of 480 KHz
	DS (ns)
	MCS
	SNR to achieve 10% BLER for SCS=480kHz (dB)

	
	
	Type-1 with FD-OCC
	Type-1 no FD-OCC
	DMRS on every RE with FD-OCC
	DMRS on every RE no FD-OCC

	10
	22
	16.56
	16.5
	16.11
	16.12

	
	26
	unable to achieve 10% BLER
	unable to achieve 10% BLER
	unable to achieve 10% BLER
	unable to achieve 10% BLER

	20
	22
	17.66
	17.36
	16.62
	16.57

	
	26
	unable to achieve 10% BLER
	unable to achieve 10% BLER
	unable to achieve 10% BLER
	unable to achieve 10% BLER

	40
	22
	20.34
	19
	17.65
	17.51

	
	26
	unable to achieve 10% BLER
	unable to achieve 10% BLER
	unable to achieve 10% BLER
	unable to achieve 10% BLER



From these simulation results, we have the observation below.
[bookmark: _Ref68170168]Observation 4:
· 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.
[bookmark: _Ref61455612]Proposal 4: Type-1 without FD-OCC or increasing the DMRS density in frequency (DMRS on every RE with FD-OCC) can be considered. 
If any one of these 2 options is introduced for NR operation from 52.6 GHz to 71 GHz, a corresponding UE capability may need to be defined so that gNB can schedule the UE properly.
3. Processing timeline aspects
3.1 UE processing timelines related constants
For UE processing timelines, the following are prioritized for discussion: PDSCH processing time (N1), PUSCH preparation time (N2), HARQ-ACK multiplexing timeline (N3). 
To determine the values or value range for SCS of 480/960 KHz, we should base on the values defined for SCS of 15/30/60/120 KHz in Rel-15, and define the model (equation 1) below and tune the parameters to minimize the deviation (equation 2 and 3) with existing values (i.e. target_value in equation 2), then we can use this model and the parameters to deduce the values for SCS of 480/960 KHz:
                          (1)
                          (2)
                         (3)
Where  for SCS of 15/30/60/120 KHz respectively.
This method is applied to N1/N3, N2, Z1, and Z’1 respectively, and we have the proposal below.
[bookmark: _Ref68169551]Proposal 5: The following ranges of UE processing timelines can be used as starting point for further discussion.
a) N1/N3
For SCS=480kHz, the range should be 39~41;
For SCS=960kHz, the range should be 53~57.
b) For N2
For SCS=480kHz, the range should be 87~95;
For SCS=960kHz, the range should be 137~153.
c) For Z1
For SCS=480kHz, the range should be 119~123;
For SCS=960kHz, the range should be 202~209.
d) For Z’1
For SCS=480kHz, the range should be 102~114;
For SCS=960kHz, the range should be 172~201.
As de-ICI is necessary to compensate the phase noise for SCS of 120 KHz and high MCS for NR operation beyond 52.6 GHz, and de-ICI approach needs extra implementation complexity in UE for DL and gNB for UL, thus the constants N1, N2, N3 can be a little larger based on the ranges above.
3.2 HARQ feedback timing indicator adaptation
In FR1&FR2, for fallback DCI 1_0, the default set of 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. 960K) is adopted with very small slot length, it is impossible for UE to process PDSCH in 1 or 2 slots. Therefore, the default set of PDSCH-to-HARQ_feedback timing indicator should depend on the SCS of PDSCH. For example, when the SCS of PDSCH is 960KHz, the default K1 set for DCI 1_0 is {9,10,11,12,13,14,15,16}.
[bookmark: _Ref53685113]Proposal 6: The default set of PDSCH-to-HARQ_feedback timing indicator should be adapted to the SCS of PDSCH.
4. Multi-PDSCH/PUSCH scheduling
During RAN1#104-e meeting, the following agreement about multi-PDSCH/PUSCH scheduling by a single DCI 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 this section, some details about multi-PDSCH/PUSCH scheduling by a single DCI will be discussed, including DCI/grant design for multi-PDSCH/PUSCH scheduling, and HARQ-ACK feedback for multi-PDSCH scheduling.
4.1 DCI design for multi-PDSCH/PUSCH scheduling
During RAN1#104-e meeting, the multi-PUSCH scheduling defined in Rel-16 NR-U has been agreed to be the baseline for multi-PUSCH scheduling in Rel-17. Besides, some enhancements have been identified and agreed to be further studied for multi-PUSCH scheduling in Rel-17 as below.
Agreement:
· For the multi-PUSCH scheduling in Rel-17, study the enhancement of the following in addition to Rel-16 multi-PUSCH scheduling.
· CBGTI: Whether or not CBG (re)transmission is supported when more than one PUSCHs are scheduled (Already supported when only one PUSCH is scheduled).
· CSI-request: Whether to apply same or different rule compared to Rel-16 (e.g., the PUSCH that carries the AP-CSI feedback is the first PUSCH that satisfies the multiplexing timeline).
· TDRA: Down-select among
· Alt 1: TDRA table is extended such that each row indicates up to [X, FFS for X] multiple PUSCHs (continuous in time-domain). Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is signalled by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.
· Alt 2: TDRA table is extended such that each row indicates up to [X, FFS for X] multiple PUSCHs (that can be non-continuous in time-domain). Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is signalled by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.
· Alt 3: TDRA table is extended such that each row indicates up to 8 multiple PUSCH groups (that can be non-continuous between PUSCH groups). Each PUSCH group has a separate SLIV, mapping type and number of slots/PUSCHs N. Within each PUSCH group, N PUSCHs occupy the same OFDM symbols indicated by the SLIV and mapping type. The number of scheduled PUSCHs is the sum of number of PUSCHs in all PUSCH groups in the row of the TDRA table signalled in DCI.
· FDRA: Whether/how to enhance FDRA e.g., by increasing RBG size or changing allocation granularity
· Frequency hopping: Whether/how to support frequency hopping for scheduled PUSCHs, e.g., inter-PUSCH/intra-PUSCH hopping
· URLLC related fields such as priority indicator and open-loop power control parameter set indication: Whether/how to apply URLLC related fields for scheduled PUSCHs
· Applicability to multi-PDSCH scheduling in Rel-17. 
· Note: Other enhancements are not precluded.


These potential enhancements will be discussed in the following section.
4.1.1 Time domain scheduling
With respect to the time domain scheduling for multi-PUSCH scheduling, three alternatives have been identified during RAN1#104-e meeting, as listed above.
Non-continuous scheduling for multiple PUSCHs in time domain may be beneficial in some scenarios, e.g. to match specific TDD patterns, and occupy resources efficiently, so it can be supported with minimal spec efforts.
So far the maximum number of PUSCHs scheduled by a single DCI has not been discussed and determined, and it is very likely to be larger than 8, e.g. 16, or 32. When a very large value for the maximum number is assumed, the configuration overhead may also be worthy of consideration. In our opinion, Alt 2 should be supported as the baseline, and if the maximum number is larger than a threshold, e.g. 32, Alt 3 can also be considered.
[bookmark: _Ref68475310]Proposal 7: The Alt 2 for time domain scheduling is supported as the baseline, where the TDRA table is extended such that each row indicates up to X multiple PUSCHs that can be non-continuous in time domain.
[bookmark: _Ref68475358]Proposal 8: The Alt 3 for time domain scheduling can also be considered if the maximum number of PUSCHs scheduled by a single DCI is larger than a threshold, where the TDRA table is extended such that each row indicates up to 8 multiple PUSCH groups that can be non-continuous in time domain among them.
4.1.2 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. 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 be reused well.
[bookmark: _Ref68475368]Proposal 9: It is not needed to enhance frequency domain scheduling for multi-PUSCH scheduling.
4.1.3 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.
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 10: 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.
4.1.3 Applicability to multi-PDSCH scheduling
During RAN1#104-e meeting, there was an FFS point for multi-PDSCH scheduling, i.e., whether or not the solution for multi-PUSCH scheduling defined in Rel-16 NR-U can also be adopted as the baseline for multi-PDSCH scheduling.
Agreement:
The multi-PUSCH scheduling defined in Rel-16 NR-U is the baseline for multi-PUSCH scheduling in Rel-17.
· FFS: Applicability to multi-PDSCH scheduling. 


From our perspective, same or similar solution(s) should be adopted for multi-PDSCH scheduling and multi-PUSCH scheduling as much as possible, when applicable, to avoid unnecessary spec efforts. Since the multi-PUSCH scheduling defined in Rel-16 NR-U has been agreed to be the baseline for multi-PUSCH scheduling in Rel-17, it can also be considered to be the baseline for multi-PDSCH scheduling in Rel-17, at least for the same or similar set of operations applicable to both DL and UL scheduling, such as time domain scheduling, frequency domain scheduling, etc.
[bookmark: _Ref68632770]Proposal 11: The multi-PUSCH scheduling defined in Rel-16 NR-U can also be the baseline for multi-PDSCH scheduling in Rel-17, at least for the same or similar set of operations applicable to both DL and UL scheduling.
4.1.4 Others
· CBG based scheduling
[bookmark: _GoBack]In Rel-16 NR-U, CBG based scheduling for multi-PUSCH scheduling has been extensively discussed, but it was concluded that CBG based scheduling is supported only when a UL DCI schedules a single PUSCH. We think the same discussion should not be pursued, and the solution adopted in Rel-16 NR-U multi-PUSCH scheduling can be reused directly.
[bookmark: _Ref68475382]Proposal 12: For CBG based scheduling, the same solution adopted in Rel-16 NR-U multi-PUSCH scheduling can be reused, i.e., CBG based scheduling is supported only when a UL DCI schedules a single PUSCH.
· A-CSI reporting in UL
For aperiodic CSI reporting in UL, no motivation can be identified by us to modify the solution adopted in Rel-16 NR-U multi-PUSCH scheduling, in which multiplexing the triggered A-CSI in the M-th scheduled PUSCH if M <= 2, otherwise in the (M-1)-th scheduled PUSCH, where M is the number of PUSCHs scheduled by a single DCI. So the preferred way is reusing the solution adopted in Rel-16 NR-U without any unnecessary change.
[bookmark: _Ref68475388]Proposal 13: For A-CSI reporting, the same solution adopted in Rel-16 NR-U multi-PUSCH scheduling can be reused, i.e. A-CSI is multiplexed in the M-th or (M-1)-th scheduled PUSCH based on the value of M.
· DCI format(s)
In Rel-16 NR-U, a single DCI format is used for both single PUSCH scheduling and multi-PUSCH scheduling, i.e. DCI format 0_1. So one or more PUSCHs can be scheduled by a single DCI, as dynamically determined by the TDRA field in the DCI, resulting in more flexibility and no impact on DCI size alignment.
For multi-PDSCH/PUSCH scheduling in Rel-17, the same solution can still be reused without any additional spec efforts.
[bookmark: _Ref68475392]Proposal 14: For scheduling DCI format, the same solution adopted in Rel-16 NR-U can be reused, i.e., the same DCI format is used for both single PUSCH scheduling and multi-PUSCH scheduling.
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, 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 15: For multi-PDSCH scheduling, support reporting HARQ-ACK information corresponding to different PDSCHs scheduled by a DCI on different PUCCH(s).


[bookmark: _Ref68253152]Figure 19 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 19. 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 16: 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 Semi-static HARQ-ACK codebook
For semi-static 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 for indicating/determining 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 semi-static codebook may be enhanced to achieve this target. 
A straightforward way is that the K1 set will be extended to accommodate all the DL slots which are determined not only by the HARQ-ACK feedback timing indicator but also by one or more DL slots occupied by multiple PDSCHs scheduled by a single DL DCI. The set of SLIVs applied to each candidate K1 in the extended K1 set when constructing the semi-static codebook should also be determined based on the TDRA table used for multi-PDSCH scheduling.
Furthermore, above way can be enhanced to exclude those candidate PDSCH receptions which will never be scheduled in actual when determining a set of occasions for constructing a semi-static codebook, thus the codebook size can be reduced without any impact on HARQ-ACK feedback in terms of reportable information.
[bookmark: _Ref68475416]Proposal 17: For multi-PDSCH scheduling, semi-static HARQ-ACK codebook should be enhanced to guarantee that for any PDSCH potentially scheduled for which the corresponding HARQ-ACK feedback is reported in a semi-static codebook, there is a corresponding HARQ-ACK bit(s) in the codebook.
In addition, time domain bundling is an efficient way to reduce the HARQ-ACK codebook size, and when it could be combined with semi-static codebook, the codebook size can be controlled based on configurable bundling granularity while keeping semi-static. So it is beneficial to study semi-static codebook combined with time domain bundling.
[bookmark: _Ref68475420]Proposal 18: Study semi-static HARQ-ACK codebook combined with time domain bunding for multi-PDSCH scheduling.
4.2.3 Dynamic HARQ-ACK codebook
During RAN1#104-e meeting, the following agreement about DAI counting for dynamic 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


Based on the above agreement, three alternatives for DAI counting have been identified. 
In our opinion, 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 dynamic 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.
Alt 3 can be regarded as a compromise between Alt 1 and Alt 2, so all the issues identified for Alt 1 or Alt 2 are valid for Alt 3, but these issues may be eased at different degree.
To reuse the legacy codebook construction as much as possible, Alt 2 is preferred. As a compromise, Alt 3 can also be considered.
[bookmark: _Ref68475425]Proposal 19: For dynamic HARQ-ACK codebook for multi-PDSCH scheduling, support Alt 2, i.e. C-DAI/T-DAI is counted per PDSCH.
[bookmark: _Ref68475429]Proposal 20: The DAI bits may be increased based on the maximum number of PDSCHs that can be scheduled by a single DCI.
To control or reduce the codebook size, time domain bundling can be introduced for dynamic 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 21: Study dynamic HARQ-ACK codebook combined with time domain bunding for multi-PDSCH scheduling.
5. Conclusion
In this contribution, we first discuss the design for PTRS and DMRS, then the processing timeline, finally, the multi-PDSCH/PUSCH related design. We have the following observations and proposals.
1> PTRS density in frequency for CP-OFDM: K_PTRS = 1
Observation 1:
· The performance of de-ICI with K_PTRS = 2 is the worst when PDSCH RB number <= 8, and K_PTRS = 1 helps to improves the performance of de-ICI in this case;
· When PDSCH RB number <= 8, CPE only with K_PTRS = 2 has much better performance than de-ICI with K_PTRS = 1.
· de-ICI with K_PTRS = 1 is not the preferred PN compensation method (i.e. with the best performance) for different simulation setup (the number of RB allocation, SCS and MCS). Therefore, there is no benefit to introduce K_PTRS = 1 in terms of performance.
Proposal 1: There is no need to introduce higher PTRS frequency density as K_PTRS =1.

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.

3> PTRS density in time for DFT-s-OFDM
Observation 3: For MCS-7, MCS-16 and MCS-22, the performance gap is less than 0.8 dB between (CN, CS) = (8, 4) and combination with the best performance; while for MCS-26, only the option (CN, CS) = (16, 4) can achieve 10% BLER. 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.
Proposal 3: 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 4:
· 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.
Proposal 4: Type-1 without FD-OCC or increasing the DMRS density in frequency (DMRS on every RE with FD-OCC) can be considered.

5> Processing timeline aspects
Proposal 5: The following ranges of UE processing timelines can be used as starting point for further discussion.
a) N1/N3
For SCS=480kHz, the range should be 39~41;
For SCS=960kHz, the range should be 53~57.
b) For N2
For SCS=480kHz, the range should be 87~95;
For SCS=960kHz, the range should be 137~153.
c) For Z1
For SCS=480kHz, the range should be 119~123;
For SCS=960kHz, the range should be 202~209.
d) For Z’1
For SCS=480kHz, the range should be 102~114;
For SCS=960kHz, the range should be 172~201.
As de-ICI is necessary to compensate the phase noise for SCS of 120 KHz and high MCS for NR operation beyond 52.6 GHz, and de-ICI approach needs extra implementation complexity in UE for DL and gNB for UL, thus the constants N1, N2, N3 can be a little larger based on the ranges above.
Proposal 6: The default set of PDSCH-to-HARQ_feedback timing indicator should be adapted to the SCS of PDSCH.

6> Multi-PDSCH/PUSCH scheduling
Proposal 7: The Alt 2 for time domain scheduling is supported as the baseline, where the TDRA table is extended such that each row indicates up to X multiple PUSCHs that can be non-continuous in time domain.
Proposal 8: The Alt 3 for time domain scheduling can also be considered if the maximum number of PUSCHs scheduled by a single DCI is larger than a threshold, where the TDRA table is extended such that each row indicates up to 8 multiple PUSCH groups that can be non-continuous in time domain among them.
Proposal 9: It is not needed to enhance frequency domain scheduling for multi-PUSCH scheduling.
Proposal 10: 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 11: The multi-PUSCH scheduling defined in Rel-16 NR-U can also be the baseline for multi-PDSCH scheduling in Rel-17, at least for the same or similar set of operations applicable to both DL and UL scheduling.
Proposal 12: For CBG based scheduling, the same solution adopted in Rel-16 NR-U multi-PUSCH scheduling can be reused, i.e., CBG based scheduling is supported only when a UL DCI schedules a single PUSCH.
Proposal 13: For A-CSI reporting, the same solution adopted in Rel-16 NR-U multi-PUSCH scheduling can be reused, i.e. A-CSI is multiplexed in the M-th or (M-1)-th scheduled PUSCH based on the value of M.
Proposal 14: For scheduling DCI format, the same solution adopted in Rel-16 NR-U can be reused, i.e., the same DCI format is used for both single PUSCH scheduling and multi-PUSCH scheduling.
Proposal 15: For multi-PDSCH scheduling, support reporting HARQ-ACK information corresponding to different PDSCHs scheduled by a DCI on different PUCCH(s).
Proposal 16: 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 17: For multi-PDSCH scheduling, semi-static HARQ-ACK codebook should be enhanced to guarantee that for any PDSCH potentially scheduled for which the corresponding HARQ-ACK feedback is reported in a semi-static codebook, there is a corresponding HARQ-ACK bit(s) in the codebook.
Proposal 18: Study semi-static HARQ-ACK codebook combined with time domain bunding for multi-PDSCH scheduling.
Proposal 19: For dynamic HARQ-ACK codebook for multi-PDSCH scheduling, support Alt 2, i.e. C-DAI/T-DAI is counted per PDSCH.
Proposal 20: The DAI bits may be increased based on the maximum number of PDSCHs that can be scheduled by a single DCI.
Proposal 21: Study dynamic HARQ-ACK codebook combined with time domain bunding for multi-PDSCH scheduling.
Appendix: Link level evaluation assumptions
[bookmark: _Ref68163398][bookmark: _Ref40463709]Table 5 Simulation parameters for PTRS density in frequency (K_PTRS = 1) 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)
	1, 1/2.

	PDSCH allocation (RB)
	8, 16, 32, 64, 128, 256 for SCS of 120 KHz;
8, 16, 32, 64 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).



[bookmark: _Ref68474229]Table 6 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)
	10

	FFT size
	4096

	PN compensation methods
	a) CPE only;
b) de-ICI with Rel-15 PTRS pattern;
c) ICI filter approximation with one block and same overhead as Rel-15 PTRS pattern, use Rel-15 transmitted PTRS symbols;
d) ICI filter approximation with one block and same overhead as Rel-15 PTRS pattern, use cyclic ZC sequence as transmitted PTRS symbols.

	Tap number for de-ICI and ICI filter approximation
	3, 5, 7, 9.

	PUSCH allocation (RB)
	128, 256.

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

Note: Assume NohPRB = 0 for MCS calculations.



[bookmark: _Ref68179238]Table 7 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

	FFT size
	4096

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

	PUSCH allocation (RB)
	256

	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: _Ref68124554]Table 8 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

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

	DMRS pattern
	a) Ideal channel estimation;
b) Type-1 with FD-OCC;
c) Type-1 no FD-OCC;
d) DMRS on every RE with FD-OCC;
e) DMRS on every RE no FD-OCC.

	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.
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