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Introduction
In WG1 Meetings #104e, RAN1 continued the discussion on enhancements for PDSCH and PUSCH to support NR operation in 52.6 GHz to 71 GHz. Based on the discussion, the following agreements were reached [1]

	· From RAN1 perspective, for NR operation in 52.6 GHz to 71 GHz,
· The maximum channel bandwidth for 120 kHz SCS is 400 MHz
· The maximum channel bandwidth for 480 kHz SCS is 1600 MHz
· The maximum channel bandwidth for 960 kHz SCS is one of the following options
· 2000 MHz
· 2160 MHz
· Send LS to RAN4 to inform about RAN1’s agreement of maximum channel bandwidth and ask RAN4 to decide and feedback the exact value of maximum channel bandwidth for 960 kHz SCS, the corresponding numbers of RBs for the maximum channel bandwidth of SCS(s) supported in 52.6 GHz to 71 GHz. 
· From RAN1 perspective, for NR operation in 52.6 GHz to 71 GHz, at least the following options on minimum channel bandwidth are identified. 
· for 120 kHz SCS
· Option 1-1: 100 MHz
· Option 1-2: 200 MHz
· Option 1-3: 400 MHz
· for 480 kHz SCS
· Option 2-1: 200 MHz
· Option 2-2: 400 MHz
· for 960 kHz SCS
· Option 3-1: 400 MHz
· Option 3-2: 800 MHz
· Option 3-3: same value as the maximum channel bandwidth for 960 kHz SCS
· Further study in RAN1 the above options’ implications on RAN1 design and specification
· Send LS to RAN4 to inform about RAN1’s identified options of minimum channel bandwidth and ask RAN4 to decide and feedback the minimum channel bandwidth
· RAN1 use the absolute time duration for 120 kHz SCS as the upper bound for the discussion of UE processing timelines (not related to PDCCH monitoring) 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
· FFS: How to derive timeline values
· Case by case study
· FFS: model-based approach for selected timelines, e.g. exponential models, projection based on log-linear regression, etc.
· In the row for PTRS configuration, change the text to “Companies are asked to report details of PN compensation method(s) with corresponding receiver complexity and details of PTRS enhancement (including any modifications to sequences) for CP-OFDM if evaluated. For example, for block-based PTRS enhancement, the number of PTRS blocks per OFDM symbol, the number of PTRS REs per block, and the placement of PTRS blocks in each OFDM symbol are required to be provided if evaluated”
· 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
· FFS: The need for enhancements and standardization, of the following additional processing timelines:
· UE PDSCH reception preparation time with cross carrier scheduling with different subcarrier spacings for PDCCH and PDSCH
· SRS, PUCCH, PUSCH, PRACH cancellation with dynamic SFI
· ZP CSI Resource set activation/deactivation
· Application delay of the minimum scheduling offset restriction
· timing aspects related to cross carrier operation
· 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.
· 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
· 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 
· 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.
· 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)
· 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
· 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. 
· 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.



In this contribution, we discuss potential enhancements for PDSCH/PUSCH in 52.6 – 71GHz and associated standard impacts. 
Discussions
Enhancement for DM-RS 
Figure 1 shows Type-1 DM-RS, Type-2 DM-RS and proposed DM-RS pattern with enhanced frequency domain density. 
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Figure 1. Type-1 DM-RS, Type-2 DM-RS and proposed DM-RS for 52.6 – 71 GHz
In NR Rel-15/16, two types (i.e., Type-1 and Type-2) of front-loaded DM-RS are supported. For Type-1 DM-RS, DM-RS ports are mapped to one subcarrier of every second subcarriers in one or two symbols, creating a comb-like pattern. Each of the comb-like pattern can support up to 2 DM-RS ports with one symbol and 4 DM-RS ports with two consecutive symbols by utilizing TD/FD-CDM. In contrast to Type-1 DM-RS, Type-2 DM-RS is based on FD-CDM. For Type-2 DM-RS, three CDM groups are allocated with one or two symbols. Each of the three CDM groups consists of two pairs of two consecutive REs in frequency domain. Each of the three CDM groups supports up to 2 DM-RS ports with one symbol and 4 DM-RS ports with the two symbols by utilizing TD/FD-CDM. As Type-1 DM-RS generally occupies more REs per 1 DM-RS port than Type-2 DM-RS, thus Type-1 DM-RS generally provides better channel estimation accuracy. However, due to the larger number of RE allocations, limited number of orthogonal multiplexing (up to 8 ports) can be supported. On the other hand, Type-2 DM-RS provides generally worse channel estimation accuracy due to the lower RS density, but Type-2 DM-RS enables more utilization of orthogonal DM-RS ports (up to 12 ports). For NR in 52.6 – 71 GHz, Rel-15/16 Type-1 and Type-2 DMRS have following drawbacks:
· Less REs in frequency domain 
· A larger subcarrier spacing could degrade channel estimation performance significantly as the frequency gap between two adjacent DM-RS REs in frequency gets effectively larger, thus resulting in poor interpolation performance. Especially, as Type-2 DM-RS occupies only 4 REs in a symbol, frequency domain RS density may not be enough for higher SCSs.
· FD-CDM based on nonconsecutive REs
· It should be noted that Type-1 DMRS shows significant performance loss. Although Type-1 DM-RS occupies more REs in a symbol, Type-1 DM-RS shows worse performances in both BLER and throughput with MCS 16. This is due to comb-like pattern of Type-1 DM-RS. In order to receive multiple DM-RS ports, UE needs to de-spread FD-OCC in a symbol. When FD-OCC occupies nonconsecutive REs in higher SCSs, wireless channel varies in the nonconsecutive REs for FD-OCC, thus orthogonality between two DM-RS ports breaks and UE experiences degradation of channel estimation performances.
While the proposed DM-RS pattern provides performance gains for low SNR UEs, the existing DM-RS patterns provide better performance for high SNR UEs due to its low RS overhead. Given that, dynamic switching between the proposed DM-RS pattern and Type-1/Type-2 DMRS is preferred. Figures 2 – 3 show throughput performance comparison between Type-1/Type-2 DMRS and the proposed DM-RS pattern with dynamic switching in 52.6 – 71 GHz.
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(a) Rank1 throughput with MCS 7
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(b) Rank1 throughput with MCS 16
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(c) Rank1 throughput with MCS 22
Figure 2. Rank1 Throughput performances for Type-1, Type-2 and 
Enhanced DM-RS with dynamic switching 
(400 MHz BW, TDL-A with 20 ns delay spread)
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(a) Rank2 throughput with MCS 7
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(b) Rank2 throughput with MCS 16
Figure 3. Rank2 Throughput performances for Type-1, Type-2 and 
Enhanced DM-RS with dynamic switching 
(400 MHz BW, TDL-A with 20 ns delay spread)
As shown in Figure 2 – 3, the proposed pattern with dynamic switching shows better performance in all SNR ranges. Especially, as FD-CDM based Type-1 DM-RS pattern is generally not efficient, dynamic switching between the proposed pattern and Type-2 DM-RS pattern generally shows best performance. 
[bookmark: _Hlk68605485]Observation 1: Type-2 DM-RS shows performance loss due to insufficient RS density in low SNR. 
Observation 2: Type-1 DM-RS shows performance loss due to FD-CDM in nonconsecutive REs. 
Observation 3: Dynamic switching between the existing pattern and DM-RS with enhanced density provides best performance. 
Proposal 1: Support proposed DM-RS pattern with dynamic switching for PDSCH and PUSCH with larger SCSs.
In order to support dynamic switching between Type-1/Type-2 DM-RS pattern, new antenna port(s) table can be considered for DCI. Figure 4 shows an example of antenna port(s) indication table for dynamic switching between Type-1 DM-RS and DM-RS with enhanced density. 
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Figure 4. Example of antenna port(s) indication table for dynamic switching
As shown in Figure 4, reserved fields of the existing antenna port(s) indication can be utilized to indicate DM-RS antenna ports with enhanced density. For example, by receiving value 12, 13 or 14 in the newly proposed table, the UE can receive rank1/2 PDSCH transmission with enhanced density DM-RS. 
[bookmark: _Hlk68605497]Observation 4: Dynamic switching can be achieved by utilizing reserved values for antenna port(s) indication table in DCI. 
[bookmark: _Hlk68605503]Proposal 2: Support the updated antenna port(s) indication table for enhanced density DM-RS. 
PDSCH/PUSCH Scheduling Enhancements
PDSCH/PUSCH Scheduling 
As the slot length gets shorter due to use of large SCS (e.g. 480 kHz and 960 kHz), the existing per-slot level PDSCH/PUSCH scheduling method may lead to frequent CORESET/search space processing thus increase the UE power consumption. Further, due to shorter slot lengths, we could expect channel coherent time could be sufficient for multiple PDSCHs/PUSCHs to experience similar channel gains. To alleviate the impact on UE power consumption and use the advantage of having shorter slot duration, in RAN1#104e [1], it was agreed to support scheduling multiple PDSCHs by single DL DCI and multiple PUSCHs by single UL DCI. Further it was agreed that each PDSCH or PUSCH has individual/separate TB(s) and each PDSCH/PUSCH is confined within a slot. Also, it was agreed that at least for 120 kHz SCS, single-slot scheduling with slot-based monitoring will still be supported as specified in Rel-15/Rel-16. A natural question is that whether slot-based scheduling is supported for the other SCS configurations. To make higher SCS configurations could also be used when there is only small amount of date to be transmitted, we make the following proposal,  
[bookmark: _Hlk68605515]Proposal 3: Single-slot scheduling with slot-based monitoring is supported for all the SCS values, i.e. 120 kHz, 480 kHz, and 960 kHz. 
While scheduling multiple PDSCHs/PUSCHs using the same DCI reduce time domain overheads and blind detections, allowing dynamic determination of time domain resource or slot bundling requires complex UE implementation and specification impacts (e.g., HARQ enhancement). In addition, performance benefits of the dynamic time domain resource determination in multiple slots can be limited due to the reduced symbol/slot lengths of higher SCSs. Given that, a simple enhancement which reduces signaling overheads and blind detections and requires a simple UE implementation would be a better choice for higher SCSs. For example, a scaling factor can be semi-statically configured per SCS. Based on the configuration, a scheduling operation of higher SCSs can be configured to have identical overheads with a scheduling operation of lower SCSs (e.g., Time domain scheduling with SCS 960 kHz and a scaling factor 8 will be identical with per-slot level scheduling of 120 kHz). Based on the discussion we observe that,
[bookmark: _Hlk68605525]Observation 5: The enhancement of time domain resource allocation can be a crucial part for efficient operation in higher frequencies due to use of higher SCSs (e.g. 480 kHz and 960 kHz)  
Observation 6: Flexible time domain resource determination based on Rel-16 multi-slot PUSCH scheduling or slot bundling requires complex UE implementation burdens and specification impacts. However, performance benefits are not clear considering the reduced symbol/slot lengths of high SCSs.
Observation 7: Semi-statically configured scaling factor per SCS provides competitive signaling overheads and blind detections with simple UE implementation and specification impact.
[bookmark: _Hlk68605534]Proposal 4: Support semi-static configuration of scaling factor per SCS for multiple PDSCH/PUSCH scheduling with the same DCI. 
The maximum number of PDSCHs or PUSCHs that can be scheduled with a single DCI depends on the SCS value as the OFDM symbol duration scales with the SCS. To this end 120 kHz could be considered as the refence and considering the OFDM symbol duration, maximum of 4 PDSCHs or PUSCHs can be scheduled with a single DCI for 480 kHz SCS. Similarly, the maximum number of PDSCHs or PUSCHs can be scheduled with a single DCI for 960 kHz SCS is 8. 
[bookmark: _Hlk68605541]Proposal 5: Multiple PDSCH scheduling only applies to 480 kHz and 960 kHz SCS. Multiple PDSCH scheduling does not apply to 120 kHz.

Proposal 6: The maximum number of PDSCHs or PUSCHs schedule by a single DCI depends on the SCS. For 480 kHz the value is 4 and for 960 kHz the value is 8. 

While multiple PDSCH/PUSCH scheduling with the same DCI can be a crucial factor for NR 52.6 – 71 GHz, benefits from frequency domain resource allocation enhancement should be carefully evaluated. Table 1 shows number of RBs for possible combinations of bandwidth and subcarrier spacing for 52.6 – 71 GHz and Table 2 shows RBG sizes based on a size of BWP in TS 38.214 [2]. 
Table 1 Examples of number of RBs for combinations of bandwidth and subcarrier spacing
	Bandwidth
	Subcarrier spacing
	Number of RBs

	400 MHz
	120 kHz
	256

	
	240 kHz
	128

	
	480 kHz
	64

	
	960 kHz
	32

	800 MHz
	240 kHz
	256

	
	480 kHz
	128

	
	960 kHz
	64

	
	1.92 MHz
	32

	1.6 GHz
	480 kHz
	256

	
	960 kHz
	128

	
	1.92 MHz
	64

	
	3.84 MHz
	32

	2 GHz
	960 kHz
	160

	
	1.92 MHz
	80

	
	3.84 MHz
	40



Table 2 RBG size based on BWP size
	Bandwidth Part Size
	Configuration 1
	Configuration 2

	1 – 36
	2
	4

	37 – 72
	4
	8

	73 – 144
	8
	16

	145 – 275
	16
	16



[bookmark: _Hlk53523712][bookmark: _Hlk53523724]As shown in Tables 1 – 2, it is observed that required payloads of DCI for frequency domain resource allocation do not increase as maximum number of RBs does not increase in NR 52.6 – 71 GHz. While introducing larger RBG size may extend the cell coverage by reducing the required payloads in DCI, actual benefits on coverage are questionable. In addition, it should be noted that larger RB size also reduces frequency domain resource allocation flexibility, and this may be a crucial disadvantage as higher SCSs occupies larger bandwidths than lower SCSs within a same RBG size. Given that, the benefits from frequency domain resource allocation enhancements should be carefully evaluated. 
[bookmark: _Hlk68605550]Observation 8: It is observed that required payloads of DCI for frequency domain resource allocation do not increase as maximum number of RBs does not increase.
Observation 9: Larger RB size reduces frequency domain resource allocation flexibility, and this may be a crucial disadvantage as higher SCSs occupies larger bandwidths than lower SCSs within the same RBG size.
[bookmark: _Hlk68605563]Proposal 7: The benefits from frequency domain resource allocation enhancements should be carefully evaluated.
Multiple PUSCH transmission scheduling using the same DCI is performed because for higher SCS the OFDM symbol duration is lower. These PUSCHs are expected to be transmitted during the channel coherent time. Therefore, intra-PUSCH frequency hopping and inter-PUSCH frequency hopping are expected to provide similar performance gains. Considering that intra-PUSCH frequency hopping is less complex compared to intra-PUSCH hopping, we propose that 
[bookmark: _Hlk68605569]Proposal 8: When multiple PUSCHs are scheduled using the same DCI, support only intra-PUSCH frequency hopping.
HARQ-ACK for Multiple PDSCHs scheduled by Single DCI  
In RAN1#104-e [1], it was agreed that when a DCI schedules 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  as shown in Figure 5. Further it was agreed to further discuss whether HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s). 




Figure 5: Single PUCCH with HARQ-ACK for multiple PDSCHs schedule by single DCI

As some companies pointed out in the previous meeting, having a single PUCCH transmission with HARQ-ACK information of all the PDSCHs can be inefficient due to excessive HARQ roundtrip time. For example, as HARQ-ACK information is transmitted after the last scheduled PDSCH, the HARQ-ACKs for earlier scheduled PDSCHs experienced additional delay. Also, there can be additional delays between DCI and the last scheduled PDSCH due to transmission of PDSCHs scheduled by a previous DCI. Further we may expect to have longer PDSCH processing time as multiple PDSCHs have to be processed before HARQ-ACK feedback is transmitted. Having a large HARQ round trip time can negatively affect the achievable throughputs and will reduce the expected gains from scheduling multiple PDSCHs using single DCI.  
[bookmark: _Hlk68605601]Observation 10: Configuring one PUCCH transmission with HARQ-ACK for all the PDSCHs scheduled by one DCI can introduce excessive HARQ-ACK round trip delay and negatively impact on the expected performance gains. 
One possible solution to avoid hight HARQ round trip delay while still gaining from scheduling multiple PDSCHs by single DCI is to configure multiple PUCCHs each carrying HARQ-ACK information of a group of PDSCHs scheduled as shown in Figure 8. In this example, 8 PDSCHs are scheduled by the DCI transmitted in slot #1. UE is configured with two PUCCHs for HARQ-ACK. The first PUCCH scheduled at slot #6 carries HARQ-ACK information of PDSCHs in slot number {0, 1, 2, 3} while second PUCCH scheduled in slot #11 carries HARQ-ACK information of PDSCHs scheduled in slots {4, 5, 6, 7}. The two extrema ends of this HARQ-ACK configuration is transmitting one PUCCH for all the PDSCHs scheduled or transmitting one PUCCH for each PDSCH. 
[bookmark: _Hlk68605611]Proposal 9: When multiple PDSCH are scheduled using single DCI, support multiple PUCCHs each carrying HARQ-ACK information of a group of PDSCHs. 



Figure 6: Multiple PUCCHs with HARQ-ACK for multiple PDSCHs schedule by single DCI. 

In RAN1#104-e [1] following three alternatives are identified for counting C-DAI/T-DAI for generating type-2 HARQ-ACK codebook. 
· 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, …).
Out of three alternatives, we identify that Alt 2 and Alt 3 are viable options to support flexible PUCCH with HARQ-ACK transmission. Alt 1 may not need any change for the specifications; however, it will make the HARQ-ACK configuration less flexible. Therefore, we make the following proposal on C-DAI/T-DAI for type-2 codebook generation. 

[bookmark: _Hlk68605629]Proposal 10: For counting C-DAI/T-DAI for generating type-2 HARQ-ACK codebook, at least support Alt2: C-DAI/T-DAI is counted per PDSCH and Alt 3: C-DAI/T-DAI is counted per M scheduled PDSCH(s), where M is configurable (e.g., 1, 2, 4, …). 

Also in In RAN1#104-e [1] it was identified to further study whether to apply time domain bundling of HARQ-ACK feedback. As time domain bundling with configurable bundle sizes to group HARQ-ACK bits of subset of all the schedule PDSCHs could help to reduce the HARQ round trip time. Therefore, 
[bookmark: _Hlk68605639]
Proposal 11: Support time domain bundling of HARQ-ACK feedback with configurable bundle sizes. 

Also, it was agreed in the last meeting to further study the type-2 codebook generation details and evaluate ethe need on how to indicate DAI values. Based on the discussion, we propose that 
[bookmark: _Hlk68605649]
Proposal 12: Further study type-2 HARQ-ACK codebook generation details focusing on requirements for scheduling multiple PUCCHs with HARQ-ACK. 

Evaluating PTRS Enhancements 
For NR in 52.6 – 71 GHz, enhanced PTRS has been proposed focusing on the phase noise mitigation for lower SCSs i.e., 120 kHz and remaining phase noise mitigation for higher SCSs i.e., 480 kHz and 960 kHz. Further, in RAN1#104-e [1], it was agreed at least to support existing PTRS design for CP-OFDM. Also, it was agreed to evaluate the effectiveness of PTRS designs considering various aspects including PTRS density, pattern, receiver complexity, and possible impact on specifications. The idea is to identify if additional performance gains could be obtained without significant specification impact or resource overhead. 
To this end, we evaluate the BLER performance of PDSCH considering the following PTRS configurations. In each PTRS configuration, PTRS occupies every OFDM symbol in time. However, the density and distribution of PTRS in frequency is varies.   
· Config #1 (labeled as PTRS T1 F2): PTRS occupying one SC in every 2nd PRB () in frequency and every OFDM symbols in time ().
· Config #2 (labeled as PTRS T1 F4): PTRS occupying one SC in every 4th PRB in frequency () and every OFDM symbols in time ().
· Config #3 (labeled as BLK PTRS N8 M16): 8 PTRS blocks 8 with 16 SCs per block 16 in frequency and every OFDM symbol in time. PTRS blocks are evenly distributed over the entire bandwidth. This configuration is applied to SCS 120 kHz and 480 kHz. With this setup, PTRS overhead is the same as Config #1. 
· Config #4 (labeled as BLK PTRS N4 M16): 4 PTRS blocks with 16 SCs per block in frequency and every OFDM symbol in time. PTRS blocks are evenly distributed over the entire bandwidth. This configuration is applied to SCS 120 kHz and 480 kHz. With this setup, PTRS overhead is the same as Config #2. 
· Config #5 (labeled as BLK PTRS N5 M16): 5 PTRS blocks with 16 SCs per block in frequency and every OFDM symbol in time. This configuration is applied only for 960 kHz SCS. The PTRS overhead is equivalent to Config #1.  
In Config #1 to Config #5, PTRS density in frequency is maintained at typical Rel-15 design parameter values, i.e.,  and . In Rel-15,  is intended to be used for higher bandwidth situations while  is for lower bandwidth cases. 
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	Figure 7: BLER vs SNR with 120 kHz SCS. MCS 16, and MCS 22, CPE compensation
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	Figure 8: BLER vs SNR with 480 kHz SCS. MCS 16, and MCS 22, CPE compensation
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	Figure 9: BLER vs SNR with 960 kHz SCS. MCS 16, MCS 22, and MCS 24, CPE compensation


Figures 7-15 give BLER performance for PTRS designs Config #1 to Config # 5. We consider MCSs 16, 22, and 24 along with SCSs 120 kHz, 480 kHz, and 960 kHz. Two cases are considered for PN compensation (a) compensating only CPE, (b) compensating for both CPE and ICI. For ICI compensation we consider both 3-tap  and 5-tap  de-ICI filters. The complete set of simulation assumptions are given in Table 4 in the Appendix.	Figures 7-9 give BLER performance with CPE compensation while Figures 10-15 show BLER performance with both CPE and ICI compensation. 
All the simulation results indicate that compared to Rel-15 PTRS design, no significant performance gains could be achieved by using block PTRS design with similar PTRS overhead. Our simulation results indicate that, in all the cases with MCS 16 and 22 considered, 10% target BLER can be achieved with just CPE compensation, except in the case of 120 kHz SCS and MCS 22. However, Figure 10 shows that a simple 3-tap de-ICI filter could help to push BLER well below 10% for this case. Further, Figures 10, 12, and 14 indicates that 3-tap de-ICI filter could significantly lower the BLER of MCS 22 in all three SCS configurations considered. For example, in Figure 8, BLER of MC S22 shows an error floor at 10% BLER. However, in Figure 12 not only 10% BLER for MCS 22 is achieved around 12 dB SNR, but also error floor is pushed down to 0.01% BLER. Also Figures 11, 13, and 15 shows that use of 5 tap de-ICI filter with CPE compensation could provide beyond targeted 10% BLER for all MCS values 16, 22, and 24 considered. 
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	Figure 10: BLER vs SNR with 120 kHz SCS. MCS 16, MCS 22, and MCS 24, CPE and 3-tap ICI compensation
	Figure 11: BLER vs SNR with 120 kHz SCS. MCS16, MCS 22, and MCS 24, CPE and 5-tap ICI compensation
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	Figure 12: BLER vs SNR with 480 kHz SCS. MCS 16, MCS 22, and MCS 24, CPE and 3-tap ICI compensation
	Figure 13: BLER vs SNR with 480 kHz SCS. MCS16, MCS 22, and MCS 24, CPE and 5-tap ICI compensation
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	Figure 14: BLER vs SNR with 960 kHz SCS. MCS 16, MCS 22, and MCS 24, CPE and 3-tap ICI compensation
	Figure 15: BLER vs SNR with 960 kHz SCS. MCS 16, MCS 22, and MCS 24, CPE and 5-tap ICI compensation



[bookmark: _Hlk68605675]Observation 11: Compared to Rel-15 PTRS configuration, block PTRS designs with similar PTRS overhead does not provide significant performance gains.
[bookmark: _Toc47699162][bookmark: _Hlk68605689]Observation 12: A low-complex 3 taps de-ICI filter () based on existing Rel-15 NR PTRS structure can provide protection against performance degradation due to phase noise. 
[bookmark: _Hlk68605732]Base on above observation, we propose that 
Proposal 13: PTRS enhancement is not considered for NR 52.6 – 71 GHz. 
UE processing time
In NR, UE minimum processing time and switching time has been defined to guarantee the time gap for UE processing on following processes:
· PDSCH processing time (e.g., L1, N1 and d1,1)
· PUSCH processing time (e.g., L2, N2 and d2,1)
· BWP switching time (e.g., DCI/timer based and RRC based)
· TCI state switching (e.g., timeDurationForQCL, MAC CE based and RRC based)
· CSI processing time (e.g., Zref, Z’ref, Z1, Z1’, Z2, Z2’, Z3 and Z3’)
· Scell activation delay.
Considering that the OFDM symbol length gets shorter as the subcarrier spacing becomes larger, the UE processing time for new SCSs should be specified. For the determination of UE processing time for higher frequencies, in addition to the shorter OFDM symbol length, the following aspects should be considered:
· Increased number of panels and number of antenna elements per panel
· Narrower beamwidth due to the increased number of antenna elements
· Large variations of BWP size due to large available bandwidth.
[bookmark: _Hlk68605719]Proposal 14: Evaluate required UE processing time for higher frequencies considering the differences on antenna/panel structure, narrower beamwidth, BWP size and new subcarrier spacings.
Existing processing time determination methods until Rel-15/16 are based on fixed parameters such as subcarrier spacing and UE capabilities. The existing UE capabilities for the processing time determination methods only consider worst case scenarios to reduce UE implementation complexity. The methods based on worst case scenarios reduce UE implementation complexity, but the methods require more redundant processing time than UE implementation needs especially for higher frequencies considering increased number of antenna elements/panels and increased number of beams with narrow beam width. For higher frequencies, enhanced processing time determination methods can be studied to reduce the redundant processing time. One possible method can be applying different processing time based on parameters which contribute UE processing time. For example, a new processing time requirement can be defined for UEs which process a small packet for its transmission or reception while existing processing time requirement can be used for other packets.   
[bookmark: _Hlk68605755]Observation 13: Existing processing time determination methods are based on worst case scenarios and may require more redundant processing time for higher frequencies. 
[bookmark: _Hlk68605764]Proposal 15: Study application of different processing time requirements based on parameters which contribute UE processing time.
Summary
In this contribution, we discussed the issues on PDSCH/PUSCH enhancements of NR in 52.6 – 71 GHz. From the discussions, we made following observations and proposals: 
Observation 1: Type-2 DM-RS shows performance loss due to insufficient RS density in low SNR. 
Observation 2: Type-1 DM-RS shows performance loss due to FD-CDM in nonconsecutive REs. 
Observation 3: Dynamic switching between the existing pattern and DM-RS with enhanced density provides best performance. 
Observation 4: Dynamic switching can be achieved by utilizing reserved values for antenna port(s) indication table in DCI. 
Observation 5: The enhancement of time domain resource allocation can be a crucial part for efficient operation in higher frequencies due to use of higher SCSs (e.g. 480 kHz and 960 kHz)  
Observation 6: Flexible time domain resource determination based on Rel-16 multi-slot PUSCH scheduling or slot bundling requires complex UE implementation burdens and specification impacts. However, performance benefits are not clear considering the reduced symbol/slot lengths of high SCSs.
Observation 7: Semi-statically configured scaling factor per SCS provides competitive signaling overheads and blind detections with simple UE implementation and specification impact.
Observation 8: It is observed that required payloads of DCI for frequency domain resource allocation do not increase as maximum number of RBs does not increase.
Observation 9: Larger RB size reduces frequency domain resource allocation flexibility, and this may be a crucial disadvantage as higher SCSs occupies larger bandwidths than lower SCSs within the same RBG size.
Observation 10: Configuring one PUCCH transmission with HARQ-ACK for all the PDSCHs scheduled by one DCI can introduce excessive HARQ-ACK round trip delay and negatively impact on the expected performance gains. 
Observation 11: Compared to Rel-15 PTRS configuration, block PTRS designs with similar PTRS overhead does not provide significant performance gains.
Observation 12: Existing processing time determination methods are based on worst case scenarios and may require more redundant processing time for higher frequencies. 
Observation 13: Existing processing time determination methods are based on worst case scenarios and may require more redundant processing time for higher frequencies. 
Proposal 1: Support proposed DM-RS pattern with dynamic switching for PDSCH and PUSCH with larger SCSs.
Proposal 2: Support the updated antenna port(s) indication table for enhanced density DM-RS.Proposal 3: Single-slot scheduling with slot-based monitoring is supported for all the SCS values, i.e. 120 kHz, 480 kHz, and 960 kHz. 
Proposal 4: Support semi-static configuration of scaling factor per SCS for multiple PDSCH/PUSCH scheduling with the same DCI. 
Proposal 5: Multiple PDSCH scheduling only applies to 480 kHz and 960 kHz SCS. Multiple PDSCH scheduling does not apply to 120 kHz.
Proposal 6: The maximum number of PDSCHs or PUSCHs schedule by a single DCI depends on the SCS. For 480 kHz the value is 4 and for 960 kHz the value is 8. 
Proposal 7: The benefits from frequency domain resource allocation enhancements should be carefully evaluated.
Proposal 8: When multiple PUSCHs are scheduled using the same DCI, support only intra-PUSCH frequency hopping.
Proposal 9: When multiple PDSCH are scheduled using single DCI, support multiple PUCCHs each carrying HARQ-ACK information of a group of PDSCHs. 
Proposal 10: For counting C-DAI/T-DAI for generating type-2 HARQ-ACK codebook, at least support Alt2: C-DAI/T-DAI is counted per PDSCH and Alt 3: C-DAI/T-DAI is counted per M scheduled PDSCH(s), where M is configurable (e.g., 1, 2, 4, …). 
Proposal 11: Support time domain bundling of HARQ-ACK feedback with configurable bundle sizes.
Proposal 12: Further study type-2 HARQ-ACK codebook generation details focusing on requirements for scheduling multiple PUCCHs with HARQ-ACK. 

Proposal 13: PTRS enhancement is not considered for NR 52.6 – 71 GHz.

Proposal 14: Evaluate required UE processing time for higher frequencies considering the differences on antenna/panel structure, narrower beamwidth, BWP size and new subcarrier spacings.
Proposal 15: Study application of different processing time requirements based on parameters which contribute UE processing time.
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Annex I: Link Level Simulation assumptions for DM-RS  
Table 3 Link Level Simulation Assumptions
	Carrier frequency
	60 GHz

	Duplexing
	FDD

	Bandwidth
	400 MHz

	Subcarrier Spacing
	960 kHz

	CP Type
	Normal CP 

	Antenna Configurations
	2x2

	Channel Model
	TDL-A model with 20 ns Delay Spread

	UE Mobility
	3 km/h

	RF impairments
	Phase Noise: Example 2 as specified in TR38.803 (sec. 6.1.11.2)
PA nonlinearity: Rapp model
No Frequency offset modeling

	Transmission scheme
	Rank1/Rank 2 using a fixed precoding with PRG size of 2 RBs

	Channel/Noise Estimation
	Realistic

	PTRS
	Every 2nd PRB in frequency and every OFDM symbol in time

	DMRS
	Release 15 Type-1, Type-2 and proposed DM-RS pattern with 1 front-loaded DM-RS



Annex II: Link Level Simulation assumptions for Evaluating PTRS 
Table 4: Link-Level Simulation Assumptions 
	Carrier frequency
	60 GHz

	Duplexing
	FDD

	Subcarrier Spacing
	120 kHz
	480 kHz
	960 kHz

	Bandwidth
	400 MHz (256 PRBs)
	1.6 GHz (256 PRBs)
	2 GHz (160 PRBs)

	CP Type
	Normal CP 

	Antenna Configurations
	2Tx 2Rx

	Channel Model
	TDL-A model (10ns Delay Spread) 

	UE Mobility
	3 km/h

	RF impairments
	Phase Noise: Example 2 as specified in TR38.803 (sec. 6.1.11.2)
PA nonlinearity: Rapp model
No Frequency offset modeling

	Transmission scheme
	DM-RS: Rank 1 using a fixed precoding with PRG size of 2 RBs
PT-RS: Rank 1 using precoder cycling with PRG size of 4 RBs

	Channel/Noise Estimation
	Realistic

	PTRS
	Config #1 to Config #4 
	Config #1 to Config #4
	Config #5 

	DMRS
	Release 15 Type 1 with 1 front-loaded DM-RS and 1 additional DM-RS

	MCS
	16, 22, 24 
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