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1. Introduction

The following agreements were made for PDSCH-PUSCH enhancements for NR beyond 52.6 GHz in RAN1#104-e [1]:
Agreement:
· 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. 

Agreement:
· 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

Agreement:
· 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.

Agreement:
Proposal 5-1a in R1-2102072 is agreed with the following modification:

· 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”
Agreement:
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

Agreement:
· 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

Agreement: 

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

Agreement:
· 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.

Agreement:
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
Agreement:
· 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

Agreement:
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 

This contribution discusses our views on the DMRS frequency-domain enhancement issue by comparing two scenarios – same effective code rate but different TBS sizes, and same TBS but different effective code rates.
2. Discussion
2.1 DMRS enhancements for PDSCH (same MCS comparison)
In this Section, the PDSCH performance with high-density DMRS (12 REs per PRB) is studied, compared to Rel-15 DMRS for same MCS setup (different TBS). The simulation assumptions are shown in the following Table 1.
Table 1. PDSCH simulation parameters

	
	PDSCH

	Carrier freq (GHz)
	60

	SCS (kHz)
	960

	Bandwidth (MHz)
	2000

	Number of RBs
	160

	CP Type
	Normal

	MCS
	22, 26, 28

	HARQ
	Not enabled

	Basic DMRS config
	1 symbol (front-loaded)

	additional DMRS 
	0 or 1 symbol

	PT-RS config
	K = 2, L = 1

	PA model
	Pre-loaded Tx EVM of 3% (additive noise)

	UE PN model
	TR38.803 example 2 UE PN profile

	gNB PN model
	TR38.803 example 2 BS PN profile

	Channel model
	TDL-A

	Delay spread (ns)
	5

	I-Q imbalance
	None

	Antenna config
	2x2

	Frequency offset
	None

	Mobility
	3 km/hr, 30 km/hr

	Channel estimation
	Realistic

	Rank
	1

	PN mitigation
	CPE compensation, de-ICI filtering [2]


Table 2 shows the simulation results summary of Figures 1-3, for speed 3km/hr and 1 symbol DMRS (Type A). 

Table 2. PDSCH simulation results summary for 60GHz FR2, 3 km/hr.
	MCS
	DMRS additional
	SNR for BLER @ 10% [dB]

	
	
	PN + CPE comp
	PN + de-ICI

	
	
	6sc DMRS
	12sc DMRS
	6sc DMRS
	12sc DMRS

	22
	0
	15.4
	15.1
	15.2
	15.0

	26
	0
	-
	-
	22.0
	20.7

	28
	0
	-
	-
	31.2
	26.1


Table 3 shows the simulation results summary of Figures 4-5, for speed 30km/hr and 1 or 2 symbols DMRS. 

Table 3. PDSCH simulation results summary for 60GHz FR2, 30 km/hr.
	MCS
	DMRS additional
	SNR for BLER @ 10% [dB]

	
	
	PN + CPE comp
	PN + de-ICI

	
	
	6sc DMRS
	12sc DMRS
	6sc DMRS
	12sc DMRS

	26
	0
	-
	-
	-
	29.5

	26
	1
	-
	-
	24.3
	22.5



[image: image1]
Figure 1. MCS 22, 3 km/hr.
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Figure 2. MCS 26, 3 km/hr.
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Figure 3. MCS 28, 3 km/hr.
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Figure 4. MCS 26, 30 km/hr.
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Figure 5. MCS 26, 30 km/hr, 1 additional symbol DMRS.

From the above, it is seen that increasing the density of PDSCH DMRS in the frequency domain while maintaining 1 DMRS symbol in the time domain provides a SNR gain of up to 5.1 dB at MCS 28, though the gain decreases for lower MCSs. When Doppler is increased to 30 km/hr, only the high-density DMRS system is able to achieve 10% BLER for MCS 26, while an additional high-density DMRS symbol provides a 7.5 dB SNR gain compared to the single-symbol case. The main contributing factor to this gain is the improvement in PN mitigation, which offsets the increase in DMRS overhead.
Observation 1: High-density DMRS (12 REs per PRB), enhances PDSCH performance of high MCSs in NR beyond 52.6 GHz when the MCS (effective code rate) is the same as Rel-15 DMRS.
2.2 DMRS enhancements for PDSCH (same TBS comparison)
In the above section, we simulated the high-density DMRS for the same MCS assumption. However since the additional puncturing (using the high-density DMRS) will lead to smaller TBS since PDSCH REs are also allocated in the DM-RS symbol, a fair comparison would be to check both schemes while keeping TBS the same as in that of Rel-15 DMRS.

Therefore, in Table 4 we show the simulation results summary of Figure 6, for MCS 26, speed 3km/hr and 1 symbol DMRS (Type A), while keeping the TBS the same. 

Comparing to Table 2, we see a degradation of 23.1 - 20.7 = 2.4dB, when keeping TBS the same, due to the inherent increase in the code rate. This reverses the picture at low SNR, making the Rel-15 DMRS performing better than the high-density DMRS. The high-density DMRS, however, performs better at higher SNR and is able to reach 1% BLER with de-ICI filtering.
Observation 2: High-density DMRS (12 REs per PRB), when keeping TBS the same with respect to Rel-15 DMRS, may yield a performance degradation for both CPE compensation and de-ICI filtering.
Table 4. PDSCH simulation results summary for 60GHz FR2, 3 km/hr.

	MCS
	DMRS additional
	SNR for BLER @ 10% [dB]

	
	
	PN + CPE comp
	PN + de-ICI

	
	
	6sc DMRS
	12sc DMRS
	6sc DMRS
	12sc DMRS

	26
	0
	-
	-
	22.0
	23.1
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Figure 6. MCS 26, 3 km/hr (same TBS).

Based on Observations 1 and 2, we propose the following.
Proposal 1: Do not introduce high-density PDSCH DMRS for 960 kHz SCS.

3. Conclusions

In this contribution, our views on the need for PDSCH frequency-domain DMRS enhancements yielded the following proposals.
Observation 1: High-density DMRS (12 REs per PRB), enhances PDSCH performance of high MCSs in NR beyond 52.6 GHz when the MCS (effective code rate) is the same as Rel-15 DMRS.
Observation 2: High-density DMRS (12 REs per PRB), when keeping the TBS the same with respect to Rel-15 DMRS, may yield a performance degradation for both CPE compensation and de-ICI filtering.

Proposal 1: Do not introduce high-density PDSCH DMRS for 960 kHz SCS.
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