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1 Introduction
[bookmark: OLE_LINK6]There were several objectives in the Rel-18 FR1 enh WID [1], in which for 8Rx, the objectives are listed in the following:
[bookmark: OLE_LINK8]Enable 8Rx for CPE/FWA/vehicle/industrial devices [RAN4]
Objective of Performance part WI
[bookmark: OLE_LINK22]The objectives of performance part for Rel-18 RF FR1 requirement focus evolution include:
Example bands:
· TDD bands: n41, n77/ n78
· FDD bands: n7
Enable 8Rx for CPE/FWA/vehicle/industrial devices
· Specify RLM test cases to support 8Rx
· Investigate if the existing 4Rx RLM test can be reused or the new test will be specified
· Specify UE demodulation performance and CSI requirements with up to 8 layers to support 8Rx
· Investigate and, if necessary, specify the requirements with up to 8 DL MIMO layers
· Specify the SDR requirements with 8 MIMO layers
[bookmark: OLE_LINK18]In this contribution, we give some initial discussions on performance part related to 8Rx. 
2	Discussion
[bookmark: OLE_LINK23][bookmark: OLE_LINK66][bookmark: OLE_LINK38]The benefit to support 8Rx in NR have already been identified, such as improve the downlink throughput for a single user and enhance the coverage for the uses located at the cell edge. Also to keep the similar MIMO performance as LTE due to 8Rx have already been supported for LTE. 
2.1 Static propagation conditions
In TS 38.101-4, the existing model of static propagation conditions are specified for 2Rx and 4Rx. In our understanding, it is becoming essential to introduce static propagation conditions for 8Rx. Also had specified the propagation conditions in LTE for 8Rx. For those conditions, it can keep similar MIMO performance as LTE. As regards to static propagation conditions, could be reused as LTE for 8Rx requirements. 
Observation 1: Define static propagation conditions for 8Rx, include 1 port、2 port、4 port and 8port.
According to the existing model of LTE 8Rx antenna ports, the static propagation conditions for NR 8Rx can be defined as following:
Proposal 1: Define the following H matrix as 8Rx static channel matrices.
For 1 port transmission the channel matrix is defined in the frequency domain by


For 2 port transmission the channel matrix is defined in the frequency domain by


For 4 port transmission the channel matrix is defined in the frequency domain by


For 8 port transmission the channel matrix is defined in the frequency domain by


2.2 MIMO Channel Correlation Matrices
Like the same as the static propagation conditions, MIMO channel correlation matrices had specified for 2Rx and 4Rx in TS 38.101-4. So it is necessary to specified the MIMO channel correlation matrices for 8Rx. 
Observation 2: Define MIMO channel correlation matrices RgNB and RUE for 8Rx.
Proposal 2: Define the following matrix RgNB and RUE as MIMO channel correlation matries.




In terms of WID, it had clearly specified the CPE/FWA/vehicle/industrial devices for 8Rx. Considering the size and implementation for those equipment, low correlation between antennas can be satisfied to a certain extent. On the other hand, only low correlation and medium correlation were specified for LTE 8Rx. Therefore, can we consider low correlation for NR 8Rx in the initial stage.
Proposal 3: Define 8Rx performance with MIMO channel of low correlation.
2.3 Simulation assumptions 
In RAN#96e meeting, the work item [1] on study on RF requirements enhancement for NR frequency range was approved as one of Rel-18 RAN4 package. In this section, we want to provide initial simulation assumptions for 8Rx.
2.3.1 PDSCH
From the WID[1] of objective, TDD bands(e.g. n41, n77/ n78) and FDD bands(e.g. n7) have been specified for 8Rx. Thus, we want to provide simulation assumptions for PDSCH in this section.
Table 2-1: Simulation assumptions for PDSCH
	[bookmark: OLE_LINK111]Parameter
	Unit
	Value

	Channel Bandwidth/SCS
	MHz/KHz
	40/30 for TDD and 10/15 for FDD  

	TDD pattern 
	
	7D1S2U S=6D+4G+4U

	MCS
	
	13 for low rank

	
	
	19 for high rank

	MIMO configuration
	
	1x8, 2x8, ULA Low for Rank 1
2x8, ULA Low for Rank 2
4x8, 4x8 ULA Low for Rank 3, 4
 8x8, ULA Low for high Rank 5,6 7, 8

	Propagation conditions
	
	TDLA30-10

	HARQ process number
	
	4 for FDD and 8 for TDD

	[bookmark: _Hlk78538817]PDSCH configuration
	Mapping type
	
	Type A

	
	Starting symbol (S) 
	
	2

	
	Length (L)
	
	12

	[bookmark: _Hlk78538787]
	[bookmark: OLE_LINK53]PRB bundling size
	
	2

	
	PRB bundling type
	
	Static

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	PDSCH DMRS configuration
	DMRS Type
	
	DMRS Type 1

	
	Number of additional DMRS
	
	1

	
	Antenna ports indexes
	
	{1000} for Rank 1 
{1000, 1001} for Rank 2 
{1000-1002} for Rank 3
{1000-1003} for Rank 4 
{1000-1004} for Rank 5
{1000-1005} for Rank 6
{1000-1006} for Rank 7
{1000-1007} for Rank 8

	CSI-RS for tracking
	CSI-RS periodicity
	Slots
	15 kHz SCS: 20 for CSI-RS resource 1,2,3,4
30 kHz SCS: 40 for CSI-RS resource 1,2,3,4

	
	CSI-RS offset
	Slots
	15 kHz SCS:
10 for CSI-RS resource 1 and 2
11 for CSI-RS resource 3 and 4
30 kHz SCS:
20 for CSI-RS resource 1 and 2
21 for CSI-RS resource 3 and 4



Proposal 4. To consider Table 2-1 as PDSCH simulation assumptions for 8Rx requirements.

2.3.2 PDCCH 
In this section, we want to provide some simulation assumptions for PDCCH. In our understanding, we can reuse simulation assumptions of 2Rx and 4Rx for PDCCH. Thus, we give some assumptions for 8Rx as follows.
2.3.2.1  TDD
1 Tx Antenna
Table 2-2: Simulation assumptions for PDCCH
	Test number
	Bandwidth (MHz)
	CORESET RB
	CORESET duration
	Aggregation level
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix

	
	
	
	
	
	
	
	

	1
	40 
	102
	1
	2
	R.PDCCH. 2-1.1 TDD
	TDLA30-10
	1x8 Low

	2
	40 
	102
	1
	4
	R.PDCCH. 2-1.2 TDD
	TDLC300-100
	1x8 Low

	3
	40 
	48
	2
	16
	R.PDCCH. 2-2.1 TDD
	TDLA30-10
	1x8 Medium A



 



2 Tx Antenna
Table 2-3: Simulation assumptions for PDCCH
	Test number
	Bandwidth (MHz)
	CORESET RB
	CORESET duration
	Aggregation level
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix

	
	
	
	
	
	
	
	

	1
	40 
	90
	1
	8
	R.PDCCH. 2-1.3 TDD
	TDLC300-100
	2x8 Low



The parameters for the fixed reference channel R.PDCCH TDD were list in the Table 2-4.
Table 2-4: Parameters for fixed reference channel R.PDCCH TDD
	Parameter
	Unit
	Value

	Reference channel
	
	R.PDCCH.2-1.1 TDD
	R.PDCCH.2-1.2 TDD
	R.PDCCH.2-1.3 TDD
	R.PDCCH.2-2.1 TDD

	Subcarrier spacing
	kHz
	30
	30
	30
	30

	CORESET frequency domain allocation
	
	102
	102
	90
	48

	CORESET time domain allocation
	
	1
	1
	1
	2

	Aggregation level
	
	2
	4
	8
	16

	DCI Format
	
	1_0
	1_1
	1_1
	1_0

	Payload (without CRC)
	Bits
	41
	53
	53
	41



2.3.2.2  FDD
1 Tx Antenna

Table 2-5: Simulation assumptions for PDCCH
	Test number
	Bandwidth (MHz)
	CORESET RB
	CORESET duration
	Aggregation level
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix

	
	
	
	
	
	
	
	

	1
	10 
	24
	2
	2
	R.PDCCH. 1-2.1 FDD
	TDLA30-10
	1x8 Low

	2
	10 
	24
	2
	2
	R.PDCCH. 1-2.3 FDD
	TDLC300- 100
	1x8 Low

	3
	10 
	48
	2
	4
	R.PDCCH. 1-2.4 FDD
	TDLA30-10
	1x8 Low

	4
	10 
	48
	1
	4
	R.PDCCH.1-1.1 FDD 
	TDLA30-10
	1x8 Low

	5
	10 
	48
	2
	16
	R.PDCCH. 1-2.6 FDD
	TDLA30-10
	1x8 Medium A



 2 Tx Antenna
Table 2-6: Simulation assumptions for PDCCH
	Test number
	Bandwidth (MHz)
	CORESET RB
	CORESET duration
	Aggregation level
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix

	
	
	
	
	
	
	
	

	1
	10 
	24
	2
	4
	R.PDCCH. 1-2.2 FDD
	TDLC300-100
	2x8 Low

	2
	10 
	48
	2
	8
	R.PDCCH. 1-2.5 FDD
	TDLC300-100
	2x8 Low

	3
	10 
	48
	1
	4
	R.PDCCH.1-1.2 FDD
	TDLA30-10
	2x8 Low



The parameters for the fixed reference channel R.PDCCH FDD were list in the Table 2-7 and Table 2-8.
Table 2-7: Parameters for fixed reference channel R.PDCCH FDD
	Parameter
	Unit
	Value

	Reference channel
	
	R.PDCCH.1-1.1 FDD
	R.PDCCH.1-1.2 FDD

	Subcarrier spacing
	kHz
	15
	15

	CORESET frequency domain allocation
	
	48
	48

	CORESET time domain allocation
	
	1
	1

	Aggregation level
	
	4
	4

	DCI Format
	
	1_0
	1_1

	Payload (without CRC)
	Bits
	39
	52




Table 2-8: Parameters for fixed reference channel R.PDCCH FDD
	Parameter
	Unit
	Value

	Reference channel
	
	R.PDCCH.1-2.1 FDD
	R.PDCCH.1-2.2 FDD
	R.PDCCH.1-2.3 FDD
	R.PDCCH.1-2.4 FDD
	R.PDCCH.1-2.5 FDD
	R.PDCCH.1-2.6 FDD

	Subcarrier spacing
	kHz
	15
	15
	15
	15
	15
	15

	CORESET frequency domain allocation
	
	24
	24
	24
	48
	48
	48

	CORESET time domain allocation
	
	2
	2
	2
	2
	2
	2

	Aggregation level
	
	2
	4
	2
	4
	8
	16

	DCI Format
	
	1_0
	1_0
	1_1
	1_1
	1_1
	1_0

	Payload (without CRC)
	Bits
	39
	39
	52
	52
	52
	39



Proposal 5. To consider Table 2-2 - Table 2-8 as PDCCH simulation assumptions for 8Rx requirements.
2.3.3 PBCH 
In this section, we want to provide initial simulation assumptions for PBCH to support 8Rx.
2.3.3.1 TDD
Table 2-9: simulation assumptions for PBCH
	Parameter
	Unit
	Value

	Bandwidth / Subcarrier spacing 
	MHz /kHz
	40/30

	TDD UL-DL pattern	
	
	7D1S2U S=6D+4G+4U

	Physical Cell ID
	
	0

	Cyclic prefix
	
	Normal

	Number of SS/PBCH blocks within an SS burst set periodicity
	
	1

	SS/PBCH block index
	
	0

	SS/PBCH block periodicity
	ms
	20

	Propagation condition
	
	TDLA30-10

	Antenna configuration and correlation matrix
	
	1 x 8 Low

	Modulation
	
	QPSK

	Target coding rate
	
	56/864

	Payload (without CRC and timing related PBCH payload bits)
	bits
	24



2.3.3.2 FDD
Table 2-10: simulation assumptions for PBCH
	Parameter
	Unit
	Value

	Bandwidth / Subcarrier spacing 
	MHz/KHz
	10/15

	Physical Cell ID
	
	0

	Cyclic prefix
	
	Normal

	Number of SS/PBCH blocks within an SS burst set periodicity
	
	1

	SS/PBCH block index
	
	0

	SS/PBCH block periodicity
	ms
	20

	Propagation condition
	
	TDLC300-100

	Antenna configuration and correlation matrix
	
	1 x 8 Low

	Modulation
	
	QPSK

	Target coding rate
	
	56/864

	Payload (without CRC and timing related PBCH payload bits)
	bits
	24



Proposal 6. To consider Table 2-9 and Table 2-10 as PBCH simulation assumptions for 8Rx requirements.
3 Conclusion
In this contribution, we give some initial discussion on UE Performance requirements to support 8Rx, including static propagation conditions, MIMO channel correlation matrices and simulation assumptions for PDSCH, PDCCH and PBCH. The conclusions are:
Observation 1: Define static propagation condition for 8Rx, include 1 port、2 port、4 port and 8port.
Proposal 1: Define the following H matrix as 8Rx static channel matrices.
For 1 port transmission the channel matrix is defined in the frequency domain by

.
For 2 port transmission the channel matrix is defined in the frequency domain by

.
For 4 port transmission the channel matrix is defined in the frequency domain by

.
For 8 port transmission the channel matrix is defined in the frequency domain by


Observation 2: Define MIMO channel correlation matrices RgNB and RUE for 8Rx.
Proposal 2: Define the following matrix RgNB and RUE as MIMO channel correlation matries.




Proposal 3: Define 8Rx performance with MIMO channel of low correlation.
Proposal 4. To consider Table 2-1 as PDSCH simulation assumptions for 8Rx requirements.
Proposal 5. To consider Table 2-2 ~Table 2-8 as PDCCH simulation assumptions for 8Rx requirements.
Proposal 6. To consider Table 2-9 and Table 2-10 as PBCH simulation assumptions for 8Rx requirements.

4	Reference
[1]  RP-221496, WID revision: RF requirements enhancement for NR frequency range, Huawei, HiSilicon. 
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