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Introduction
In RAN#90-e [1], work scope of extending current NR operation to 71 GHz has been updated with the following work scopes on PDSCH/PUSCH enhancements:
· [bookmark: _Hlk58583563][bookmark: _Hlk26996217]In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 
[bookmark: _Hlk58594267]Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz
· Time line related aspects adapted to 480kHz and 960kHz, e.g., BWP and beam switching timing, HARQ timing, UE processing, preparation and computation timelines for PDSCH, PUSCH/SRS and CSI, respectively. 
· Support enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI
Note: coverage enhancement for multi-PDSCH/PUSCH scheduling is not pursued
· Evaluate, and if needed, specify the PTRS enhancement for 120kHz SCS, 480kHz SCS and/or 960kHz SCS, as well as DMRS enhancement for 480kHz SCS and/or 960kHz SCS.
In this contribution, we discuss potential issues and associated standard impacts on PDSCH/PUSCH in 52.6 – 71GHz.
Discussions
Bandwidth
Although frequencies in 52.6 GHz to 71 GHz allow a wide bandwidth of 2.16 GHz, most of the regions impose a strict occupied bandwidth rule of 70% to 100% of system bandwidth. This restriction may cause problems especially in the uplink direction as UE may not have enough data to fulfil the requirement and/or UE would have to consume a higher RF and baseband power than needed. In addition, NR should support different maximum possible bandwidth in different bands which requires flexible bandwidth sizes. For example, multiples of the current NR maximum bandwidth 400 MHz, e.g., 800 MHz, 1.6 GHz, and 2 GHz, can be supported up to 2 GHz. 
Proposal 1: Support multiples of the current NR maximum bandwidth 400 MHz up to 2 GHz in 52.6 – 71 GHz.
Even though choosing a smaller bandwidth can be better in fulfilling the regulation requirement of occupied bandwidth and reducing power consumptions, the smaller bandwidth may cause coexistence issues with other RATs (e.g. 802.11 ad/ay) that currently exist in 52.6 – 71 GHz with 2.16 GHz maximum bandwidth.
Proposal 2: Consider potential coexistence issues with other RATs in the spectrum of 52.6 GHz to 71 GHz with 2.16 GHz maximum bandwidth.
Scheduling enhancement
As the slot length gets shorter due to larger subcarrier spacings (e.g., 480 kHz and 960 kHz), the existing per-slot level PDSCH/PUSCH scheduling method may lead to excessive CORESET/search space overheads and redundant UE power consumptions on blind detections of PDCCHs. Given that, the enhancement of time domain resource allocation may be a crucial part for efficient operation in higher frequencies with larger subcarrier spacings. For multi-slot level PDSCH/PUSCH scheduling method, various proposals such as dynamic scheduling based on Rel-16 multi-slot PUSCH scheduling and slot bundling. While the proposals may reduce time domain overheads and blind detections, however, allowing dynamic determination of time domain resource or slot bundling requires complex UE implementation burdens 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). Another benefit of the semi-static scaling factor is a simple HARQ operation as multi-slot scheduling operation of higher SCSs can be totally identical with the per-slot level scheduling operation of lower SCSs. 
Observation 1: The enhancement of time domain resource allocation can be a crucial part for efficient operation in higher frequencies.  
Observation 2: 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 3: Semi-statically configured scaling factor per SCS provides competitive signaling overheads and blind detections with simple UE implementation and specification enhancements.
Proposal 3: It is preferred to support a semi-static configuration of scaling factor per SCS for multi-slot scheduling. 
While multi-slot based PDSCH/PUSCH scheduling 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 a 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. 
Observation 4: 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 5: 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.
Proposal 4: The benefits from frequency domain resource allocation enhancements should be carefully evaluated.
RS enhancement
Figure 1 shows Type-1 DM-RS, Type-2 DM-RS and proposed DM-RS pattern with enhanced frequency domain density. 
[image: ]
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). Figures 2 – 3 show BLER and throughput performances of Rank 2 with MCS 7 and 16 in 52.6 – 71 GHz. 
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(a) BLER with MCS 7
 [image: ]
(b) Throughput with MCS 7
Figure 2. BLER and Throughput performances for Type-1, Type-2 and Enhanced DM-RS
 (MCS 7, 400 MHz BW, TDL-A with 20 ns delay spread) 
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(a) BLER with MCS 16
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(b) Throughput with MCS 16
Figure 3. BLER and Throughput performances for Type-1, Type-2 and Enhanced DM-RS
 (MCS 16, 400 MHz BW, TDL-A with 20 ns delay spread) 
As NR in 52.6 – 71 GHz is able to achieve Rank 2 based on X-pol antenna with relatively less multi-paths, Rank 2 transmission is a crucial feature as well as Rank 1 transmission. In addition, although UE receives a PDSCH with Rank 1, other UE may simultaneously receive a PDSCH with Rank 1 by utilizing orthogonal multiplexing. In that sense, Rank 2 evaluation results may indirectly show performance trends of MU-MIMO in 52.6 – 71 GHz. As shown in Figures 2 – 3, proposed DM-RS pattern shows better performances in both BLER and Throughput based on following aspects:
· 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.
In addition to PDSCH DM-RS, the performance impact of DM-RS should be considered for PUSCH as well as PDSCH as PUSCH shares DM-RS designs with PDSCH.
Observation 6: Type-2 DM-RS shows performance loss due to insufficient RS density in frequency domain. 
Observation 7: Type-1 DM-RS shows performance loss due to FD-CDM in nonconsecutive REs. 
Proposal 5: Support proposed DM-RS pattern for PDSCH and PUSCH with larger SCSs.
In RAN1#103-e [3], enhanced PT-RS has been proposed with following motivations
· Phase noise mitigation for lower SCSs i.e., 120 kHz 
· Remaining phase noise mitigation for higher SCSs i.e., 480 kHz and 960 kHz.
Figure 4 shows BLER performance according to the PT-RS configuration with and without the presence of RF impairments using TDL channel models with 400 MHz bandwidth. For the comparison, following two Rel-15 PT-RS configurations are used:
· Config #1 (labeled as T1 F2): PT-RS REs in every 2nd PRB in frequency and every OFDM symbols in time
· Config #2 (labeled as T1 F4): PT-RS REs in every 4th PRB in frequency and every OFDM symbols in time.
 [image: ] [image: ] 
Figure 4. BLER performances based on PT-RS configurations in the presence of RF impairments (MCS 16 and MCS 22, 400 MHz BW, 960 kHz, TDL-A with 10 ns and 5 ns DS)
As shown in Figure 3, the increased PT-RS density of Config #1 does not show significant performance benefits in contrast to Config #2 with 480 kHz and 960 kHz. 
Observation 8: Enhanced PT-RS does not show significant performance benefits for 480 kHz and 960 kHz.
Proposal 6: PT-RS enhancement for 480 kHz and 960 kHz 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.
Proposal 7: 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.   
Observation 9: Existing processing time determination methods are based on worst case scenarios and may require more redundant processing time for higher frequencies. 
Proposal 8: 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: The enhancement of time domain resource allocation can be a crucial part for efficient operation in higher frequencies.  
Observation 2: 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 3: Semi-statically configured scaling factor per SCS provides competitive signaling overheads and blind detections with simple UE implementation and specification enhancements.
Observation 4: 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 5: 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.
Observation 6: Type-2 DM-RS shows performance loss due to insufficient RS density in frequency domain. 
Observation 7: Type-1 DM-RS shows performance loss due to FD-CDM in nonconsecutive REs. 
Observation 8: Enhanced PT-RS does not show significant performance benefits for 480 kHz and 960 kHz.
Observation 9: Existing processing time determination methods are based on worst case scenarios and may require more redundant processing time for higher frequencies. 
Proposal 1: Support multiples of the current NR maximum bandwidth 400 MHz up to 2 GHz in 52.6 – 71 GHz.
Proposal 2: Consider potential coexistence issues with other RATs in the spectrum of 52.6 GHz to 71 GHz with 2.16 GHz maximum bandwidth.
Proposal 3: It is preferred to support a semi-static configuration of scaling factor per SCS for multi-slot scheduling.
Proposal 4: The benefits from frequency domain resource allocation enhancements should be carefully evaluated.
Proposal 5: Support enhanced DM-RS designs for larger subcarrier spacings for PDSCH and PUSCH.
Proposal 6: PT-RS enhancement for 480 kHz and 960 kHz is not considered for NR 52.6 – 71 GHz.
Proposal 7: Evaluate required UE processing time for higher frequencies considering the differences on antenna/panel structure, narrower beamwidth, BWP size and new subcarrier spacings.
Proposal 8: 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 
Table 3 Link Level Simulation Assumptions
	Carrier frequency
	60 GHz

	Duplexing
	FDD

	Bandwidth
	400 MHz

	Subcarrier Spacing (kHz)
	480
	960

	CP Type
	Normal CP 

	Antenna Configurations
	2x2

	Channel Model
	TDL-A model (5 ns, 10ns and 20 ns Delay Spread)

	UE Mobility
	3 km/hr

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

	DMRS
	DM-RS: Release 15 Type 1, Type 2 and proposed DM-RS patterns with 1 front-loaded DM-RS
PT-RS: Release 15 Type 1 with 1 front-loaded DM-RS and 1 additional DM-RS
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DM-RS Type-1 (Comb based)

DM-RS Type-2 (FD-CDM based)

Enhanced DM-RS for 52.6 - 71 GHz
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