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Background
As per [1], RAN 4 has agreed to define PDSCH performance requirements for UE operating on FR2-2 band. There are some open issues left. In this paper, we will provide our initial simulation results and give analysis for these open issues.
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In order to select proper propagation conditions and MCS to define PDSCH requirements. We provide the initial simulation results in section 2.1 and 2.2 with simulation assumptions in Appendix.
Rank 1
The summary of simulation results for rank 1 are captured in Table 2-1:
Table 2-1: Simulation results for rank 1 (SNR(dB)@70% of max TP)
	SCS/Bandwidth
	MCS
	Channel
	W/o PN 
	PN Set1,
CPE Comp
	Perf Loss of PN Set1,
Btw CPE Comp and w/o PN
	PN Set1,
CPE and ICI
 Comp
	Perf Loss of PN Set1,
Btw CPE and ICI
 Comp and w/o PN
	PN Set2,
CPE Comp
	Perf Loss of PN Set2,
CPE Comp
	PN Set2,
CPE and ICI
 Comp
	Perf Loss of PN Set2,
CPE and ICI
 Comp

	120kHz/100MHz
	4
	TDL-A, 10ns
	-2.6
	-2.5
	0.1
	/
	/
	-2.4
	0.2
	/
	/

	
	13
	TDL-A, 10ns
	5.4
	6.1
	0.7
	/
	/
	6.0
	0.6
	/
	/

	
	17
	TDL-A, 10ns
	8.5
	9.7
	1.2
	10.5
	2
	9.6 (9.64)
	1.1
	11.2 (13.37)
	2.7

	
	18
	TDL-A, 10ns
	9.0
	10.5
	1.5
	11.0
	2
	10.2
	1.2
	11.7
	2.7

	
	20
	TDL-A, 10ns
	11.0
	13.1
	2.1
	13.6
	2.6
	13.1
	2.1
	14.5
	3.5

	
	22
	TDL-A, 10ns
	13
	16.7
	3.7
	16.6
	3.6
	16.7
	3.7
	18.2
	5.2

	120kHz/400MHz
	4
	TDL-A, 10ns
	-2.5
	-2.4
	0.1
	/
	/
	-2.4
	0.1
	/
	/

	
	13
	TDL-A, 10ns
	5.6
	6.2
	0.6
	/
	/
	6.1
	0.5
	/
	/

	
	17
	TDL-A, 10ns
	8.8
	10.0
	1.2
	10.2
	1.4
	9.9
	1.1
	10.4
	1.6

	
	18
	TDL-A, 10ns
	9.3
	10.6
	1.3
	10.7
	1.4
	10.4
	1.1
	10.6
	1.3

	
	20
	TDL-A, 10ns
	11.6
	14.1
	2.5
	13.6
	2
	13.8
	2.2
	14.0
	2.4

	
	22
	TDL-A, 10ns
	13.7
	18.1
	4.4
	16.7
	3
	17.8
	4.1
	17.4
	3.7

	480kHz/400MHz
	4
	TDL-A, 5ns
	-2.7
	-2.3
	0.4
	/
	/
	-2.3
	0.4
	/
	/

	
	
	TDL-A, 10ns
	-2.6
	-2.2
	0.4
	/
	/
	-2.2
	0.4
	/
	/

	
	13
	TDL-A, 5ns
	5.2
	6.0
	0.8
	/
	/
	6.1
	0.9
	/
	/

	
	
	TDL-A, 10ns
	5.6
	6.2
	0.6
	/
	/
	6.3
	0.7
	/
	/

	
	17
	TDL-A, 5ns
	8.4
	9.6
	1.2
	10.5
	2.1
	9.9
	1.5
	10.8
	2.4

	
	
	TDL-A, 10ns
	8.6
	9.8
	1.2
	10.7
	2.1
	10.1
	1.5
	11.0
	2.4

	
	18
	TDL-A, 5ns
	8.9
	10.1
	1.2
	10.9
	2
	10.3
	1.4
	11.3
	2.4

	
	
	TDL-A, 10ns
	9.1
	10.3
	1.2
	11.2
	2.1
	10.6
	1.5
	11.5
	2.4

	
	20
	TDL-A, 5ns
	10.9
	12.9
	2
	13.2
	2.3
	13.4
	2.5
	13.7
	2.8

	
	
	TDL-A, 10ns
	11.1
	13.2
	2.1
	13.4
	2.3
	13.6
	2.5
	13.9
	2.8

	
	22
	TDL-A, 5ns
	13.0
	16.7
	3.7
	15.6
	2.6
	17.8
	4.8
	16.6
	3.6

	
	
	TDL-A, 10ns
	13.2
	16.9
	3.7
	15.8
	2.6
	17.9
	4.7
	16.9
	3.7

	480kHz/1600MHz
	4
	TDL-A, 5ns
	-2.6
	-2.5
	0.1
	/
	/
	-2.4
	0.2
	/
	/

	
	
	TDL-A, 10ns
	-2.6
	-2.4
	0.2
	/
	/
	-2.4
	0.2
	/
	/

	
	13
	TDL-A, 5ns
	5.6
	6.1
	0.5
	/
	/
	6.2
	0.6
	/
	/

	
	
	TDL-A, 10ns
	5.5
	6.1
	0.6
	/
	/
	6.2
	0.7
	/
	/

	
	17
	TDL-A, 5ns
	8.6
	10.0
	1.4
	9.8
	1.2
	10.2
	1.6
	10.0
	1.4

	
	
	TDL-A, 10ns
	8.6
	10.0
	1.4
	9.7
	1.1
	10.1
	1.5
	10.0
	1.4

	
	18
	TDL-A, 5ns
	9.1
	10.7
	1.6
	10.3
	1.2
	10.9
	1.8
	10.6
	1.5

	
	
	TDL-A, 10ns
	9.1
	10.8
	1.7
	10.2
	1.1
	10.9
	1.8
	10.5
	1.4

	
	20
	TDL-A, 5ns
	11.5
	14.1
	2.6
	12.7
	1.2
	14.7
	3.2
	13.3
	1.8

	
	
	TDL-A, 10ns
	11.4
	14.1
	2.7
	12.7
	1.3
	14.7
	3.3
	13.2
	1.8

	
	22
	TDL-A, 5ns
	13.5
	18.1
	4.6
	15.3
	1.8
	Inf
	Inf
	16.3
	2.8

	
	
	TDL-A, 10ns
	13.4
	18.2
	4.8
	15.3
	1.9
	Inf
	Inf
	16.2
	2.8



Rank 2
The simulation results for rank 2 are captured in Table 2-2. In the simulation, TDLA10-200 is used.
Table 2-2: Simulation results for rank 2 and PN set 1 in TR 38.808
	SCS/Bandwidth
	MCS
	Wo PN 
	PN Set1,
CPE Comp
	Perf Loss of PN Set1,
CPE Comp
	PN Set1,
CPE and ICI
 Comp
	Perf Loss of PN Set1,
CPE and ICI
 Comp
	PN Set2,
CPE Comp
	Perf Loss of PN Set2,
CPE Comp
	PN Set2,
CPE and ICI
 Comp
	Perf Loss of PN Set2,
CPE and ICI
 Comp

	120kHz/100MHz
	4
	1.8
	2.0
	0.2
	3.7
	1.9
	2.0
	0.2
	3.7
	1.9

	
	13
	11.5
	12.5
	1.0
	13.7
	2.2
	12.8
	1.3
	14.0
	2.5

	
	17
	15.2
	16.7
	1.5
	18.2
	3.0
	17.9
	2.7
	18.9
	3.7

	
	18
	15.8
	18.5
	3.3
	18.7
	2.9
	18.8
	3.0
	Inf
	Inf

	
	19
	17.4
	Inf
	Inf
	Inf
	Inf
	Inf
	Inf
	Inf
	Inf

	120kHz/400MHz
	4
	1.8
	2.0
	0.2
	2.8
	1.0
	2.1
	0.3
	2.8
	1.0

	
	13
	12.6
	13.5
	0.9
	13.7
	1.1
	13.6
	1.0
	14.0
	1.4

	
	17
	16.6
	19.2
	2.6
	18.5
	1.9
	19.3
	2.7
	19.4
	2.8

	
	18
	17.7
	Inf
	Inf
	Inf
	Inf
	Inf
	Inf
	Inf
	Inf

	
	19
	Inf
	Inf
	Inf
	Inf
	Inf
	Inf
	Inf
	Inf
	Inf



Discussions

SCS for DL requirements definition
In the last meeting, we have agreed to introduce the PDSCH requirements with 120 kHz and 480 kHz SCS but FFS for 960 kHz SCS. Based on our understanding, 960 kHz SCS is similar to 60 kHz for FR1 which need much processing capability and will not be popular in the future. Also, 960 kHz SCS needs more DL slots and supported maximum number of HARQ processes may not be enough to occupy these DL slots which will waste the test time. Moreover, higher SCS will reduce the maximum achievable SNR at the baseband side[2]. Therefore, we propose to not consider 960kHz SCS.
Proposal 1: Introduce PDSCH requirements with 120 kHz and 480 kHz SCS, not consider 960 kHz SCS

MCS and Rank
Based on the simulation results, we have following observations for rank 1:
For CPE compensation, 
· For MCS 4 and 13, the performance loss is less than 1dB.
· For MCS 17, the performance loss is about 1~1.6dB 
· For MCS 18, the performance loss is about 1.1~1.9dB 
· For MCS 20, the performance loss is about 1.9~ 5dB.
· For MCS 22, the performance loss is about 2.8~Inf dB
For ICI compensation, the performance loss depends on MCS and number of allocated RBs. i.e. PTRS number. When MCS is very low, e.g. MCS 4,13,17,18, white noise dominate the interference and ICI is weak, ICI compensation may increase the white noise hence negative gain may be observed. PTRS number will have influence on accuracy of ICI compensation which also can bring negative performance gain when PTRS number is very small. E.g. SCS/Bandwidth=960 kHz / 400MHz, SCS/Bandwidth=480kHz / 400MHz and 120 kHz / 100MHz. The performance gain for ICI compensation can be summarized as follows:
· For MCS 17, the performance loss is about 1.1~1.6dB for large RBs number allocation. I.e.  120 kHz/ 400MHz, 480 kHz/1600MHz, the performance loss is about 2~4.3 dB for small RBs number allocation. I.e.  120kHz/100MHz. 480kHz/400MHz
· For MCS 18, the performance loss is about 1.1~1.5dB for large RBs number allocation. I.e.  120 kHz/ 400MHz, 480 kHz/1600MHz, the performance loss is about 2~4.5 dB for small RBs number allocation. I.e.  120kHz/100MHz. 480kHz/400MHz
· For MCS 20, the performance loss is about 1.2~2.4 dB for large RBs number allocation. I.e.  120 kHz/ 400MHz, 480 kHz/1600MHz, the performance loss is about 2.3~4.9dB for small RBs number allocation. I.e.  120kHz/100MHz. 480kHz/400MHz
· For MCS 22, the performance loss is about 1.5~3.7 dB for large RBs number allocation. I.e.  120 kHz/ 400MHz, 480 kHz/1600MHz, the performance loss is about 2.6~5.5dB for small RBs number allocation. I.e.  120kHz/100MHz. 480kHz/400MHz
As per [1], RAN4 has agreed to define following methodology to select FRC (MCS):
	Companies deliver two sets of ideal simulation results for requirement discussion. Result set#1 is without phase noise and set#2 is with phase noise.
· No Tx phase noise is modelled
· Rx Phase noise is modelled only to find feasible FRC configuration (i.e. achieve maximum throughput and loss in comparison to scenarios without Rx phase noise is less than 1 dB)
· 70 GHz carrier frequency is assumed



The intention of defining this methodology is to define the performance requirements without phase noise modelled and to minimum the impact of phase noise on performance. The finial requirements are defined with some additional margin added to the requirements without phase noise modelled (Ideal results). According to the observations based on the simulation results, MCS 4 and MCS 13 can be used for requirements definition. However, the performance loss for all MCS related to 64QAM are more than 1 dB, our preference is only to choose MCS 17 for requirements definition without phase noise for 64QAM and adding some larger margin which depends on results from companies. 
For cases with rank 2, only MCS 4 satisfies that performance loss is less than 1dB. In order to minimum the impact of phase noise, our preference is not considering case with rank 2, if introduced, we propose to only select MCS 4.
Observation 1: Only MCS 4 and MCS 13 can be selected based on the performance loss less than 1dB with and without PN considered.
Proposal 2: FFS how to introduce PDSCH requirements with 64QAM. If 64QAM requirements are introduced, only consider MCS17 
CBW for DL requirements definition
RAN 4 has defined following options for CBW.
	120 kHz:
· 100, 400 MHz
480 MHz:
· 400 MHz
· FFS on 1600 MHz
960 kHz:
· 400 MHz
· FFS on 2000 MHz


Based on our understanding, how to select bandwidth has impact on maximum achievable SNRBB. Table 3-1(Table 7.2.3-3 from [2]) shows maximum DL testable SNR for different RB allocation for different allowed noise increase.
Table 3-1: Maximum DL testable SNR for different allocations
	SCS, kHz
	Allocation size, PRB
	Allowed noise increase, dB

	
	
	1 dB
	2 dB

	120
	264
	[-0.6]
	[3.8]

	
	132
	[4.1]
	[7.3]

	
	66
	[7.7]
	[10.6]

	
	33
	[11]
	[13.7]

	
	30
	[11.5]
	[14.2]

	
	16
	[14.3]
	[16.9]

	480
	264
	< -20 (NOTE 1)
	[-9.6]

	
	132
	[-14.5]
	[-0.6]

	
	66
	[-0.6]
	[3.8]

	
	33
	[4.1]
	[7.3]

	
	16
	[7.9]
	[10.7]

	
	7
	[11.5]
	[14.5]

	960
	165
	< -20 (NOTE 1)
	< -20 (NOTE 1)

	
	132
	< -20 (NOTE 1)
	[-9.6]

	
	66
	[-14.5]
	[-0.6]

	
	33
	[-0.6]
	[3.8]

	
	16
	[4.2]
	[7.5]

	NOTE 1:	Result does not converge


In order to ensure target SNR for each SCS is lower than maximum achievable SNRBB, we propose the following bandwidth/RB allocation as baseline with the worst case that allowed noise increase is agreed to be 1dB.
· For 120kHz SCS
· MCS 4 (Target SNR is about -2.5dB):   400MHz with 264RBs (Full allocation)
· MCS 13 (Target SNR is about 6.1dB): 100MHz with 66 RBs  (Full allocation)
· MCS 17 (Target SNR is about 9.6 dB): 100MHz with 30 RBs 
· For 480kHz SCS
· MCS 4 (Target SNR is about -2.5dB):   400MHz with 66RBs (Full allocation)
· MCS 13 (Target SNR is about 6.1dB): 400MHz with 16 RBs
· MCS 17 (Target SNR is about 10.0dB): 400MHz with 7 RBs
However, in order to verify the CPE and ICI compensation performance with small number of PTRS due to small RB allocation, we perform a simulation and corresponding simulation results are shown in Table 3-2:
Table 3-2 Simulation results for full RB allocation and small RB allocation
	SCS/Bandwidth
	MCS
	CPE Comp (Full RB allocation )
	CPE Comp(Non-full RB allocation )
	CPE and ICI Comp(Full RB allocation )
	CPE and ICI Comp(Non-full RB allocation )

	120kHz/100MHz
	17
	9.6
	9.6
	11.2
	13.4

	480kHz/400MHz
	13
	6.3
	6.6
	/
	/

	
	17
	10.1
	10.9
	11.0
	15.8



We can observe that the performance degradation for 480kHz SCS, MCS 17 is obvious due to the small RB allocation (7RBs with only 3 PTRS per OFDM symbol) and performance difference for with PN and without PN is 2.3dB which is rather high, therefore, we propose to not define performance for 480kHz SCS with 64QAM.
Observation 2: The performance degradation for small RB allocation (Less than 10RB) is obvious due to the inaccuracy of with CPE and ICI compensation.
Proposal 3: Consider following configuration:
· Rank 1
· For 120kHz SCS
· MCS 4 (Target SNR is about -2.5dB):   400MHz with 264RBs (Full allocation)
· MCS 13 (Target SNR is about 6.1dB): 100MHz with 66 RBs  (Full allocation)
· MCS 17 (Target SNR is about 9.6 dB): 100MHz with 30 RBs 
· For 480kHz SCS
· MCS 4 (Target SNR is about -2.5dB):   400MHz with 66RBs (Full allocation)
· MCS 13 (Target SNR is about 6.1dB): 400MHz with 16 RBs
FD-OCC 
One issue is whether to enable FDD OCC for the rank 1 test. From RAN 1 side, disabled OCC is main DMRS enhancement for 480 kHz and 960 kHz. RAN 1 introduced an indication to the UE via RRC where the UE is able to assume that FD-OCC is not applied to all the antenna port(s) for DMRS which is (are) applicable for rank 1 PDSCH. That means UE shouldn’t perform dispread OCC for channel estimation when receiving the RRC signalling. Based on our understanding, two signals in one CDM group will be non-orthogonal when SCS and time delay spread are very high and this feature will improve the performance of channel estimation. In order to verify this feature, we provide simulation results in Table 3-1 for 960 kHz SCS and large time delay spread 10ns, 20ns and 30ns without phase noise modelled. 
Table 3-1: Simulation results for PDSCH requirements with FD-OCC enabled and FD-OCC disabled
	SCS/Bandwidth
	MCS
	Propagation conditions
	With OCC
	Without OCC

	960kHz/400MHz
	4
	TDLA10-200
	-2.4
	-2.4

	
	
	TDLA20-200
	-2.2
	-2.2

	
	
	TDLA30-200
	-2.1
	-2.1

	
	13
	TDLA10-200
	5.4
	5.4

	
	
	TDLA20-200
	5.7
	5.5

	
	
	TDLA30-200
	6.0
	5.8

	
	18
	TDLA10-200
	9.3
	9.2

	
	
	TDLA20-200
	9.7
	9.4

	
	
	TDLA30-200
	10.3
	9.7



We can observe that performance gain is significant only for 960 kHz, high SCS and large RMS delay spread. As we proposed to not define the requirements for 960 kHz SCS, hence we propose to not verify PDSCH requirements for FD-OCC disabled.
Proposal 4: Not verify PDSCH requirements with FD-OCC disabled.

RMS delay spread
We have following two options for TDL channel model:

	TDL channel model:
· Option 1: TDL-A
· Option 2: TDL-D



We support option 1 with following reasons:
· TDL-D is too optimistic for PDSCH requirements definition, we can’t guarantee that LOS always exists in FR2_2 band.
· Only high MCS such as 256QAM is applicable for TDL-D which is excluded in the last meeting
· TDL-A was considered as baseline for link level evaluation by RAN1.
· In FR2-1 PDSCH requirements test, TDL-A was considered except for 256QAM test

Proposal 5: Consider TDL-A

In the last meeting’s GTW, we have following initial agreements:

	Considering below candidate combinations on {SCS, RMS Delay spread} for initial simulation purpose:
· 120kHz: 10ns
· 480kHz: 10ns/5ns
· 960kHz: 10ns/5ns
· Other options not precluded 



Based on the simulation results, there is no obvious performance difference for different RMS Delay spread for all SCS. We propose to only select one value for all cases such as 5ns which is used for RAN1’s evaluation.
Observation 3: No performance difference can be observed for different RMS Delay spread.
Proposal 6: Consider 5ns delay spread for 480kHz SCS.

Issue 1-3-3: Max Doppler frequency
We have following two options for max Doppler frequency.
	Consider 3 km/h UE speed (200 Hz ).
FFS on higher UE speed.
· Option 1: 10 km/h (650 Hz)
· Option 2: 30 km/h (2000 Hz)


We don’t think Doppler frequency has obvious performance impact due to the small duration between two DMRS symbols, we propose to not consider higher UE speed to reduce the test number. Moreover, 3km/h is considered as baseline for RAN 1 link level evaluation.
Proposal 67: Only consider 3km/h UE speed
Mapping type 
It’s open to discuss whether to introduce PDSCH type B requirements. Based on our understanding, PDSCH type B mostly apply for URLLC transmission or operating with LBT failure, we propose to not introduce LBT model for PDSCH requirements. Hence, we think it is enough to define requirements for PDSCH type A mapping
Proposal 8； Not consider PDSCH type B mapping
Requirements with 30% throughput 
It’s open to discuss whether to introduce requirements with 30% throughput. In Rel-15, the purpose of introducing this test is to verify UE supporting 16 HARQ processes and HARQ soft combining capability. Based on our understanding, the main change of FR2_2 comparing to FR2_1 and FR1 is center frequency, phase noise and propagation conditions which have not impact on supported maximum number of HARQ processes and soft combining capability, hence, we don’t see a need to introduce this requirement.
Proposal 9； Not introduce requirements with 30% throughput
PDSCH performance requirements for multi-PDSCH scheduling
We have following options for issues on multi-PDSCH scheduling:
	Option 1: Define PDSCH performance requirements with the following assumptions:
· 120 kHz SCS: Single TB scheduling
· 480 kHz SCS:  4-TB scheduling
· 960 kHz SCS: 8-TB scheduling
Option 2: Do not define PDSCH performance requirements with multi-TB scheduling
Option 3: Define multi-slot scheduling PDSCH performance requirements with the following assumptions:
· 480 kHz SCS:  4-TB scheduling
· 960 kHz SCS: 8-TB scheduling



As mentioned in [2], RAN1 has specified it is mandatory for UE to support 4-TB scheduling for 480 kHz SCS and 8-TB scheduling for 960 kHz. Meanwhile, RAN1 has also specified it is mandatory for UE to support multi-slot PDCCH monitoring which means UE can only monitor 1 PDCCH per 4 slots for 480 kHz and per 8 slots for 960 kHz SCS. Single-TB scheduling will lead to the situation that  3/4 of DL slots can’t be used for PDSCH transmission for 480kHz and 7/8 of DL slots can’t be used for PDSCH transmission for 960kHz SCS which will increase the test time.

Observation 4: Single-TB scheduling will lead to the situation that 3/4 of DL slots can’t be used for PDSCH transmission for 480kHz SCS which will increase the test time.

Proposal 10: Define PDSCH performance requirements with the following assumptions:
· 120 kHz SCS: Single TB scheduling
· 480 kHz SCS:  4-TB scheduling

TDD pattern and HARQ processes 
In the last meeting, we have following options for TDD pattern and HARQ processes
	Consider the following TDD pattern as a baseline for simulation results alignment:
· 120 kHz: 3D1S1U, S=10D:2G:2U
· 480 kHz: 14D2S4U, S1=12D:2G:0U, S2=0D:6G:8U
· 960 kHz: 29D3S8U, S1=10D:4G:0U, S2=0D:12G:2U, S3=0D:0G:14U
Other options are not precluded
Issue 3-3-3: PDSCH performance requirements with 32 DL HARQ processes
Option 1: Define one test case to verify PDSCH performance with 32 DL HARQ processes with the test metric 30% of maximum throughput.
Option 2: Do not define requirements for PDSCH with 32 DL HARQ processes


TDD pattern design is related to HARQ processes number, DL/UL switch time and HARQ feedback timing. For 120 kHz SCS, we can reuse FR2.120-1.i.e. DDDSU. For larger SCS, the simplest way is to keep the UL/DL boundary align with that of 120 kHz. Firstly, we propose to use 8 HARQ processes for 120 kHz SCS and 16 HARQ processes for 480kHz and 960kHz SCS for PDSCH requirements definition to maximize the resource utilization. However, For 480kHz SCS, if we use 14D2S4U,S1=12D:2G:0U, S2=0D:6G:8U which is aligned with 120kHz SCS, the duration between initial transmission and retransmission of some HARQ processes will be larger than or equals to 16 which is supported maximum HARQ processes number. 
For 480 kHz SCS, as descripted in Figure 2-1, according to the design by RAN 1, k1 is defined as the duration between last scheduled TB and corresponding HARQ-ACK information, which means all TBs scheduled by one DCI should be transmitted in one slot, RAN 1 also specified that the number of OS between PDSCH transmission and corresponding HARQ-ACK information should be larger than 80 OS or 6 slots which means the HARQ-ACK information of D13~ D16 should be transmitted in next TDD period which are latter than scheduling occasion.
[image: ]
Figure 2-1: TDD pattern for 480 kHz SCS
Observation 5: all TBs scheduled by one DCI should be transmitted in one slot
Observation 6: For 480kHz SCS,  if we use 14D2S4U,S1=12D:2G:0U, S2=0D:6G:8U which is aligned with 120kHz SCS, the duration between initial transmission and retransmission of some HARQ processes will be larger than or equals to 16 which is supported maximum HARQ processes number. 
To solve this problem, one solution is to modify the TDD pattern, however, TDD pattern is related to UE implementation and operation’s deployment. Our preference is not scheduling PDSCH in slot #33 and 34 in every two TDD pattern periods. Therefore, the proposed scheduling pattern for 480 kHz SCS can be shown in Figure 2-2:
[image: ]
Figure 2-2: Proposed scheduling pattern for 480kHz SCS
The scheduling pattern for 480 kHz SCS can be summarized as follows:
· One scheduling pattern includes two TDD pattern period which is 14D2S4U, S1=12D:2G:0U, S2=0D:6G:8U.
· There are 7 DCIs in every scheduling pattern and each DCI schedules 4 PDSCHs if not overlapped with SSB, otherwise, each DCI schedules 3 PDSCHs. PDSCH is scheduled in every DL slots except slot #33 and #34 and slot contain SSB
· The HARQ-ACK information are transmitted in slot #19 for DL slots from slot#0 to slot#11 and transmitted in slot #39 for DL slots from slot#12 to slot#39

Proposal 11: Use following scheduling pattern for case with 480 kHz SCS: (Figure 2-2)
· One scheduling pattern includes two TDD pattern period which is 14D2S4U, S1=12D:2G:0U, S2=0D:6G:8U.
· There are 7 DCIs in every scheduling pattern and each DCI schedules 4 PDSCHs if not overlapped with SSB, otherwise, each DCI schedules 3 PDSCHs. PDSCH is scheduled in every DL slots except slot #33 and #34 and slot contain SSB
· The HARQ-ACK information are transmitted in slot #19 for DL slots from slot#0 to slot#11 and transmitted in slot #39 for DL slots from slot#12 to slot#39
HARQ feedback 
For 480kHz SCS, there is at least 4 bit HARQ information transmitted on one PUCCH, in order to guarantee the performance of PUCCH and reduce the HARQ codebook size, we propose to enable HARQ bundling. I.e. HARQ bundling 4 for 480 kHz SCS. Meanwhile, we propose to use type-1 HARQ-ACK codebook to reduce the complexity.
Proposal 12: Use type 1 HARQ-ACK codebook to reduce the complexity and enable the HARQ bundling. I.e. HARQ bundling 4 for 480 kHz SCS 

Shared spectrum access requirements

FR2-2 support unlicensed band and unlicensed band. If unlicensed band is considered for requirements definition, LBT should be modelled since gNB can’t always occupy the channel according to the regulations [3]. Some companies proposed to reuse burst transmission model of Rel-16 NR-U. However, based on our understanding, burst transmission model of Rel-16 NR-U can’t be reused with following reasons:
· There is no FBE defined in FR2-2 LBT mechanism, therefore, the COT duration should be random rather than fixed to 5ms defined in Rel-16 NR-U transmission model.
· There should be a gap between two COTs and the gap should be larger than 8us+ random (0 to Max number)
Therefore, we think LBT model should be re-considered if unlicensed band is considered for requirements definition.
Observation 6: If unlicensed band is considered for requirements definition, LBT should be modelled since gNB can’t always occupy the channel according the regulations.
Observation 7: Transmission burst model of Rel-16 NR-U can’t be used for FR2-2 demodulation requirements part.
Proposal 13: Further discuss whether to define requirements for unlicensed band and re-consider LBT model if does.
Conclusion
In this paper, we provide our general over views on UE requirements for NR extension to 71GHz. The observations and proposals are:
Proposal 1: Introduce PDSCH requirements with 120 kHz and 480 kHz SCS, not consider 960 kHz SCS
Observation 1: Only MCS 4 and MCS 13 can be selected based on the performance loss less than 1dB with and without PN considered.
Proposal 2: FFS how to introduce PDSCH requirements with 64QAM. If 64QAM requirements are introduced, only consider MCS17 
Observation 2: The performance degradation for small RB allocation (Less than 10RB) is obvious due to the inaccuracy of with CPE and ICI compensation.
Proposal 3: Consider following configuration:
· Rank 1
· For 120kHz SCS
· MCS 4 (Target SNR is about -2.5dB):   400MHz with 264RBs (Full allocation)
· MCS 13 (Target SNR is about 6.1dB): 100MHz with 66 RBs  (Full allocation)
· MCS 17 (Target SNR is about 9.6 dB): 100MHz with 30 RBs 
· For 480kHz SCS
· MCS 4 (Target SNR is about -2.5dB):   400MHz with 66RBs (Full allocation)
· MCS 13 (Target SNR is about 6.1dB): 400MHz with 16 RBs
Proposal 4: Not verify PDSCH requirements with FD-OCC disabled.
Proposal 5: Consider TDL-A
Observation 3: No performance difference can be observed for different RMS Delay spread.
Proposal 6: Consider 5ns delay spread for 480kHz SCS.
Proposal 7: Only consider 3km/h UE speed
Proposal 8； Not consider PDSCH type B mapping
Proposal 9； Not introduce requirements with 30% throughput
Observation 4: Single-TB scheduling will lead to the situation that 3/4 of DL slots can’t be used for PDSCH transmission for 480kHz SCS which will increase the test time.

Proposal 10: Define PDSCH performance requirements with the following assumptions:
· 120 kHz SCS: Single TB scheduling
· 480 kHz SCS:  4-TB scheduling
Observation 5: all TBs scheduled by one DCI should be transmitted in one slot
Observation 6: For 480kHz SCS,  if we use 14D2S4U,S1=12D:2G:0U, S2=0D:6G:8U which is aligned with 120kHz SCS, the duration between initial transmission and retransmission of some HARQ processes will be larger than or equals to 16 which is supported maximum HARQ processes number. 
Proposal 11: Use following scheduling pattern for case with 480 kHz SCS: (Figure 2-2)
· One scheduling pattern includes two TDD pattern period which is 14D2S4U, S1=12D:2G:0U, S2=0D:6G:8U.
· There are 7 DCIs in every scheduling pattern and each DCI schedules 4 PDSCHs if not overlapped with SSB, otherwise, each DCI schedules 3 PDSCHs. PDSCH is scheduled in every DL slots except slot #33 and #34 and slot contain SSB
· The HARQ-ACK information are transmitted in slot #19 for DL slots from slot#0 to slot#11 and transmitted in slot #39 for DL slots from slot#12 to slot#39
Proposal 12: Use type 1 HARQ-ACK codebook to reduce the complexity and enable the HARQ bundling. I.e. HARQ bundling 4 for 480 kHz SCS 
Observation 6: If unlicensed band is considered for requirements definition, LBT should be modelled since gNB can’t always occupy the channel according the regulations.
Observation 7: Transmission burst model of Rel-16 NR-U can’t be used for FR2-2 demodulation requirements part.
Proposal 13: Further discuss whether to define requirements for unlicensed band and re-consider LBT model if does.
Appendix 
Table 5-1: Simulation assumptions for PDSCH requirements
	Assumptions
	Value

	Carrier Frequency [GHz]
	71GHz 

	Subcarrier Spacing [kHz]
	120,480,960

	TDD pattern
	- 120 kHz: 3D1S1U, S=10D:2G:2U
- 480 kHz: 14D2S4U, S1=12D:2G:0U, S2=0D:6G:8U
- 960 kHz: 29D3S8U, S1=10D:4G:0U, S2=0D:12G:2U, S3=0D:0G:14U

	Bandwidth [MHz]
	- 120 kHz: 100MHz (66RBs) and 400MHz (264RBs)
- 480 kHz: 400MHz (66RBs) and 1600MHz (264RBs)
- 960 kHz: 400MHz (32RBs) and 2000MHz (165RBs)

	CP Type
	Normal CP

	Channel Model
	For 120kHz: TDLA5-200 
For 480kHz: TDLA5-200 and TDLA10-200
For 960kHz: TDLA5-200 and TDLA10-200

	Antenna Configuration 
	2T2R Low

	TX PN Model
	None

	RX PN Model
	Set1 and Set2 in TR 38.808

	Channel Estimation
	Realistic channel estimation

	Transmission Rank
	Rank 1 and Rank 2

	PDSCH SLIV
	(S=2, L=12)

	DMRS Configuration
	2 DMRS symbols at (2,11) symbol index

	PTRS Configuration
	K = 2, L = 1

	MCS/TBS
	From MCS Table 1:
- MCS 4 (QPSK),
- MCS 13 (16QAM),
- MCS 17 (64QAM),
- MCS 18 (64QAM)
- MCS 20 (64QAM)
- MCS 22 (64QAM)
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