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1. Introduction
In RAN #90-e, the following objectives are included in this work item [1]:
· [bookmark: _Hlk58583563]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.
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. 
· 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.
· Support enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI
[bookmark: OLE_LINK2][bookmark: OLE_LINK27][bookmark: OLE_LINK28]In this contribution, we first discuss the maximum bandwidth for new SCSs. Then the reference signal which contains the design of PTRS and DMRS will be discussed. Finally, we research multi-PDSCH/PUSCH scheduling by a single DCI which includes how to configure and indicate multiple PDSCH/PUSCHs in one DCI and HARQ process for multi-PDSCH scheduling.
2. Maximum supported bandwidth for a single carrier/BWP
In FR2, (50, 100, 200, 400) MHz bandwidth are supported for a single carrier. For 52.6-71GHz, there is no need to support small channel bandwidth since there is plenty of spectrum available in this frequency range. The maximum number of RBs should not exceed the NR FR1/FR2 limit (i.e. 273), and the maximum affordable FFT size should not exceed 4096. Additionally, to achieve a comparable maximum carrier bandwidth (i.e. 2 GHz) as 802.11ad/ay for SCS of 960 KHz, we propose the following table for the maximum supportive carrier/BWP bandwidths with different numerologies.
[bookmark: _Ref61456236]Table 1 List of maximum carrier/BWP BW with different numerologies
	Numerology
	FFT size
	Sampling rate 
	Maximum CC/BWP bandwidth
	RB number Note

	(120 K, NCP)
	4096
	0.49152 GHz
	400MHz
	256

	(480 K, NCP)
	4096
	1.96608 GHz
	1600MHz
	256

	(960 K, NCP)
	4096
	3.93216 GHz
	2000MHz
	160


[bookmark: _Ref40205010]Note: The RB numbers are derived from the agreement in RAN1-101-e for evaluation.
[bookmark: _Ref61456422][bookmark: _Ref53684950]Proposal 1: Define the maximum supportive carrier/BWP bandwidths with different numerologies as Table 1, i.e. BW of 400 MHz for SCS of 120 KHz, BW of 1.6 GHz for SCS of 480 KHz, and BW of 2GHz for SCS of 960 KHz.
3. PTRS and DMRS related design
3.1 PTRS related design
As phase noise impact becomes more severe when operation in 52.6 GHz - 71GHz and it degrades the performance especially for high order modulation (e.g. 64QAM) and small SCS (e.g. 120 KHz), the PTRS design should be investigated. 
In RAN1#102e, two algorithms were proposed in [3], i.e, direct de-ICI filtering approach and ICI filter approximation approach. In RAN1#103e, these two algorithms were further analyzed in [4][5][6]. Here these 2 algorithms are further analyzed in terms of performance and computation overhead.
Performance
We consider the following three algorithms of phase noise compensation. The performances are evaluated for SCS of 120 KHz, 480KHz and 960 KHz with modulation scheme of 64QAM.
a) CPE only;
b) direct de-ICI filtering approach;
c) ICI filter approximation approach.
The simulation parameters are listed in Table 6 of Appendix. For ICI filter approximation approach, the PTRS overhead is the same as other algorithms, and each PTRS block has 5 PTRS subcarriers.
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Figure 1 Performance for SCS of 120kHz and DS of 10ns       Figure 2 Performance for SCS of 480kHz and DS of 10 ns
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Figure 3 Performance for SCS of 960kHz and DS of 10 ns
Here we summarize the performance comparison among different algorithms regarding the SNR to achieve 10% BLER.
Table 2 Performance comparison among different phase noise compensation algorithms
	Phase noise compensation algorithms
	SNR to achieve 10% BLER (dB)

	
	120 KHz
	480 KHz
	960 KHz

	a) CPE only
	Inf
	15.89
	15.70

	b) Direct de-ICI filtering approach (Rel-15 PTRS structure, 3 taps)
	17.79
	15.66
	16.73

	c) ICI filter approximation approach (Cluster PTRS structure , 3 taps)
	18.87
	17.88
	19.49


The observations below can be derived from the comparison above, 
· For SCS = 120 KHz, algorithm b) has the best performance;
· For SCS = 480 KHz, algorithm b) has the best performance, and algorithm a) is just 0.23 dB worse than algorithm b);
· For SCS = 960 KHz, algorithm a) has the best performance with a performance gain of around 1 dB than algorithm b) and about 4 dB gain than algorithm c).
Regarding the performance, 
· Direct de-ICI filtering approach can be applied to SCS as 120 KHz; 
· Direct de-ICI filtering approach or CPE only approach should be applied to SCS as 480 KHz;
· CPE only approach should be applied to SCS as 960 KHz.
Computation overhead
In RAN1#103e, we analyzed the computation overhead of ‘Direct de-ICI filtering approach’ in contribution [7]. Here we analyze the computation overhead of ‘ICI filter approximation approach’ for comparison between these two algorithms.
The parameter u, N_PTRS, N_SC are defined as below.
1> u is the parameter for the number of filtering tap. Filtering tap number = 2*u + 1.
2> N_PTRS is the total number of RE used for PTRS within PDSCH frequency region and within on one OFDM symbol.
3> N_SC is the total number of subcarriers within PDSCH frequency region.
Table 3 Computation overhead of direct de-ICI filtering approach
	Filter estimation
	Number of complex multiplications
	(2*u+1)*(4*N_PTRS*u+3* N_PTRS) + N_PTRS

	
	Number of complex additions
	(2*u+1)*(4*N_PTRS*u+2* N_PTRS-2*u-2) 

	
	Number of matrix inverse with dimension of (2*u+1) x (2*u+1)
	1

	Filtering received data
	Number of complex multiplications
	(2*u+1)*N_SC

	
	Number of complex additions
	2*u* N_SC



Table 4 Computation overhead of ICI filter approximation approach
	Filter estimation
	Number of complex multiplications
	floor(N_PTRS/(4*u+1))*3*(2*u+1)*(2*u+1)*(u+1)

	
	Number of complex additions
	floor(N_PTRS/(4*u+1)) *(2*u+1)*(6*u*(u+1)+1)-(2*u+1)

	
	Number of matrix inverse with dimension of (2*u+1) x (2*u+1)
	floor(N_PTRS/(4*u+1)) 

	Filtering received data
	Number of complex multiplications
	(2*u+1)*N_SC

	
	Number of complex additions
	 2*u* N_SC



Below is an example for the computation overhead comparison with the configuration below.
BW = 400MHz, SCS = 120KHz, Num_PRB = 256.
[bookmark: _Ref61451743]With different values for u, the computation overhead comparison is shown in table below.
[bookmark: _Ref61454907]Table 5 Computation overhead comparison between different phase noise compensation algorithms
	Algorithm
	num_PRB
	N_PTRS
	u
	N_SC
	Filter estimation
	Filtering received data
	Comparison

	
	
	
	
	
	Complex multiplication
	Complex addition
	Matrix inverse
	Complex multiplication
	Complex addition
	Complex multiplication
	Complex addition

	　b) Direct de-ICI filtering approach
	256
	128
	1
	3072
	2816
	2292
	1
	9216
	6144
	NA
	NA

	
	256
	128
	2
	3072
	7168
	6370
	1
	15360
	12288
	NA
	NA

	　c) ICI filter approximation approach
	256
	128
	1
	3072
	1350
	972
	25
	9216
	6144
	-12.18%
	-15.65%

	
	256
	128
	2
	3072
	3150
	2585
	14
	15360
	12288
	-17.84%
	-20.29%


The last 2 columns in Table 5 are calculated with algorithm b as base, thus for u=1, the algorithm c is around 12.18% less complex multiplication than algorithm b, and 15.65% less complex addition than algorithm b, but 24 times matrix inverse more than algorithm b. 
Base on the analysis on performance and computation overhead, there is no obvious benefit for ICI filter approximation approach with the cluster PTRS structure, which may also cause collision with other NR RS, we have proposal below.
[bookmark: _Ref61455604]Proposal 2: Reuse Rel-15 PTRS structure based on OFDM for NR operation from 52.6GHz to 71GHz.
3.2 DMRS related design
In RAN1#103e, DMRS design was discussed in [4][5][6] regarding invalidating OCC in frequency, higher DMRS density in frequency for higher SCS, like 480KHz and 960KHz. If DMRS OCC in frequency is invalidated and the DMRS pattern is unchanged, there is no spatial multiplexing based on these OCC and the DMRS based channel sampling in frequency is actually doubled.
Three cases below are evaluated for SCS of 480KHz and 960 KHz with modulation scheme of 64QAM, while the phase noise is compensated with CPE only approach.
a) R15 DMRS pattern (type 1) with OCC in frequency;
b) R15 DMRS pattern (type 1) without OCC in frequency.
The simulation parameters are listed in Table 6 of Appendix. 
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Figure 4 Performance for SCS of 480kHz and DS of 10ns           Figure 5 Performance for SCS of 960kHz and DS of 10 ns
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Figure 6 Performance for SCS of 480kHz and DS of 20ns           Figure 7 Performance for SCS of 960kHz and DS of 20 ns
From these simulation results, we can see that there is no obvious gain with invalidating OCC in frequency. Therefore, we have proposal below.
[bookmark: _Ref61455612]Proposal 3: Retain DMRS OCC in frequency domain based on OFDM for NR 52.6GHz to 71GHz.
4. Multi-PDSCH/PUSCH scheduling by a single DCI
With the introduction of higher SCS, i.e., 480KHz and 960KHz, the slot and symbol duration for the NR system will be very short. Meanwhile, due to the hardware constraint, it is difficult for the gNB and UE to process and feedback data in such a short duration. Besides, both licensed bands and unlicensed bands need to be supported in B52.6GHz system. In unlicensed band, because of LBT failure, it is desired that one DCI can schedule multiple data if the resources are occupied by DCI. Therefore, multi-PDSCH/PUSCH scheduling by a single DCI is an outstanding solution for the above problems. 
1. 
2. 
4.1 Configuration of Multi-PDSCH/PUSCH in one DCI
In Rel-16 NR-U, the multiple-PUSCH scheduling method has been applied. In such a case, each PUSCH has its own time domain table which involve mapping type, start symbol and length of data in time domain (startSymbolAndLength) [2]. The frequency domain length of all PUSCHs is consistent. The value of K2 indicates the slot where UE shall transmit the first PUSCH of the multiple PUSCHs. For HARQ process number, one value in HARQ process number field is used to indicate the HARQ number of the first PUSCH of the multiple PUSCHs, then the HARQ number of subsequent PDSCHs will be incremented by 1. 
Similarly, the design of multiple-PDSCH can follow that of multiple-PUSCH in NR-U. A significant difference between the design of multiple-PDSCH and multiple-PUSCH is that the value of K1 needs to be considered in the former case. Two methods are proposed to design K1:
· [bookmark: _Hlk61362856]Using a single value to indicate the feedback value of the first scheduled PDSCH, then increment the feedback value of subsequent PDSCHs by 1.
· [bookmark: _Hlk61362864]Assign a corresponding K1 value to each PDSCH.
Besides, another issue that should be considered is the number of PDSCHs scheduled by one DCI. A maximum eight PUSCHs can be scheduled in NR-U, but 32 or more PDSCHs/ PUSCHs can be scheduled with higher SCS because of the short duration of slot and symbol. Considering the effect of CA, it is preferable to align the time duration for different SCS. Therefore, the number of PDSCHs/PUSCHs scheduled by one DCI should be adapted to the SCS of PDSCH/PUSCH.
[bookmark: _Ref61455616]Proposal 4：The number of PDSCHs/PUSCHs scheduled by one DCI should be adapted to the SCS of PDSCH/PUSCH.
With the increasing number of PDSCHs/PUSCHs scheduled by one DCI, the bits of DCI will be significantly raised which will cause a higher overhead burden for DCI. One solution is to indicate the number of slots instead of indicating the time domain of each PDSCH/PUSCH in DCI. In this case, each PDSCH/PUSCH occupies the same OFDM symbols (partial or whole) in a slot by default, except the first PDSCH/PUSCH, as shown in Figure 8. 
[image: ]
[bookmark: _Ref61371336]Figure 8  Principle of indicating the number of PDSCH/PUSCH slots
[bookmark: _Ref61455618]Proposal 5: Indicate the number of slots in DCI, and each PDSCH/PUSCH occupies the same OFDM symbols (partial or whole) in a slot by default, except the first PDSCH/PUSCH.
4.2 HARQ process for multi-PDSCH scheduling
With the introduction of high SCS (480kHz and 960kHz), the duration of each PDSCH is very short. Moreover, the multi-PDSCHs have the same frequency domain allocation and MCS. Thus, the set of PDSCHs are either all decoded correctly or incorrectly in a high probability, that is, the HARQ-ACK feedback for these PDSCHs is relatively consistent. In such a case, to save PUCCH/PUSCH overhead, we can feedback one HARQ-ACK value and assign one HARQ process for the set of PDSCHs.
[bookmark: _Ref61455621]Proposal 6: In order to save PUCCH/PUSCH overhead, feedback one HARQ-ACK value and assign one HARQ process for the set of PDSCHs.
For Type 2 code book, one DCI scheduling multi-PDSCH causes more complexity to the code-book generation. One solution is: create a virtual PDCCH for each PDSCH. Then the subsequent UE processing and code-book generation process can be consisted with that of one PDCCH scheduling one PDSCH. In detail, for all scheduled PDSCHs, a virtual PDCCH will be generated according to the actual transmitted PDCCH. The C-DAI and T-DAI values are generated when decoding the corresponding PDSCH, that is, the C-DAI and T-DAI values of the virtual PDCCH are determined according the time-order position of the virtual PDCCH. In this case, the code-book generation method would not be changed when introducing the multi-PDSCH/PUSCH scheduling by a single DCI. 
[bookmark: _Ref61455622][bookmark: _Ref61455785]Proposal 7: Create a virtual PDCCH for each PDSCH, then the subsequent UE processing and code-book generation process can be consisted with that of one PDCCH scheduling one PDSCH.
5. Timing related issues
5.1 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 8: The default set of PDSCH-to-HARQ_feedback timing indicator should be adapted to the SCS of PDSCH.
5.2 Basic time unit
For NR operation from 52.6-71GHz, 960KHz and 4096 FFT size is necessary to support 2GHz channel bandwidth. However, the basic time unit defined in TS 38.211 [8] is based on 480KHz and 4096 FFT size, which is not suitable anymore. When looking at current spec, the following aspect would be impacted by the basic time unit:
· OFDM signal generation in Section 5.3 of TS 38.211 [8];
· Timing advanced time calculation in Section 4.2 of TS 38.214 [9]; 
· Timing requirement such as timing error requirement for SSB in Section 7 of TS 38.133 [10].
[bookmark: _Ref61893244]Proposal 9: The basic time unit should be re-defined for 960KHz when operation from 52.6-71GHz and its spec impact should be studied.

6. Conclusion
In this contribution, we first discuss the maximum bandwidth for new SCSs, then the design of PTRS and DMRS, and finally multi-PDSCH/PUSCH scheduling by a single DCI. We have the following observations and proposals.
Proposal 1: Define the maximum supportive carrier/BWP bandwidths with different numerologies as Table 1, i.e. BW of 400 MHz for SCS of 120 KHz, BW of 1.6 GHz for SCS of 480 KHz, and BW of 2GHz for SCS of 960 KHz.
Proposal 2: Reuse Rel-15 PTRS structure based on OFDM for NR operation from 52.6GHz to 71GHz.
Proposal 3: Retain DMRS OCC in frequency domain based on OFDM for NR 52.6GHz to 71GHz.
Proposal 4：The number of PDSCHs/PUSCHs scheduled by one DCI should be adapted to the SCS of PDSCH/PUSCH.
Proposal 5: Indicate the number of slots in DCI, and each PDSCH/PUSCH occupies the same OFDM symbols (partial or whole) in a slot by default, except the first PDSCH/PUSCH.
Proposal 6: In order to save PUCCH/PUSCH overhead, feedback one HARQ-ACK value and assign one HARQ process for the set of PDSCHs.
Proposal 7: Create a virtual PDCCH for each PDSCH, then the subsequent UE processing and code-book generation process can be consisted with that of one PDCCH scheduling one PDSCH.
Proposal 8: The default set of PDSCH-to-HARQ_feedback timing indicator should be adapted to the SCS of PDSCH.
[bookmark: _GoBack]Proposal 9: The basic time unit should be re-defined for 960KHz when operation from 52.6-71GHz and its spec impact should be studied.
7. Appendix: Link level evaluation assumptions
The assumption of link level simulation for PDSCH channel is listed in Table 6.
[bookmark: _Ref40463709]Table 6 Assumptions of LLS for PDSCH channel
	Parameters
	Value

	Carrier frequency
	60 GHz

	Waveform
	CP-OFDM

	Antenna configuration
	TDL-A: 2T2R

	MIMO Layer
	1

	Subcarrier spacing
	120/480/960 KHz

	Phase noise model
	TR38.803 Example 2

	MCS
	NR Rel15 MCS Table

	MIMO reception algorithm
	MMSE

	Channel model
	TDL-A

	Pre-BF RMS delay spread
	10 ns for PTRS related simulations;
10ns/20ns for DMRS related simulations.

	RB allocation
	256/64/32 PRB for SCS of 120/480/960 KHz respectively.

	FFT size
	4096/1024/512 SCS of 120/480/960 KHz respectively.

	PDSCH symbol indexes
	NCP: 2-13

	DMRS symbol index
	2

	DMRS bundling size
	4

	PTRS symbol indexes
	NCP: 3-13

	PTRS overhead 
	One tone per 2 RBs  

	Channel code
	LDPC

	Channel estimation
	MMSE

	Coding rate
	64QAM:666/1024; MCS 22
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