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1. Introduction
In RAN#94-e meeting, the WI on MIMO Evolution for Downlink and Uplink was approved.  In the last meeting, the test scope of performance part was under discussion. The overall RAN4 performance scope was analyzed with impact on BS demod as following and captured in the WF [1]
	Objectives
	BS demodulation 

	Objective 1:CSI enhancement for high/medium UE velocities
	No impact

	Objective 2: Unified TCI enhancement on multi-TRP use case
	No impact

	Objective 3: DMRS enhancement for downlink and uplink MU-MIMO
	PUSCH requirement (FR1 only)

	Objective 4: CSI enhancement for Coherent-JT
	No impact

	Objective 5: Uplink 8Tx transmision
	Not consider in Rel-18

	Objective 6: FR2 STxMP for non-handheld UE
	FFS on PUSCH/PUCCH requirements

	Objective 7: Uplink enhancement for Multi-TRP operation

	No impact 



In this contribution, the view on remaining issue of test scope and test setup is provided.
2	Test scope of BS demodulation requirement   
In this section, the detail analysis for test scope of BS demodulation for FeMIMO is provided. 
2.1	PUSCH requirement for DMRS enhancement
As agreed in the last meeting as following for Rel-18 enhanced DMRS port
	· Introduce PUSCH demodulation requirements for Rel-18 enhanced DMRS ports. Select limited case(s) from legacy PUSCH cases to reuse the test configurations, but change the DRMS port configuration to configure the new defined DMRS ports for no more than 2 DMRS ports with introducing test applicability rule.
· Applicability rule to be defined that BS can skip the legacy case if BS has passed the case with the same configuration but using new DMRS ports
· Companies are encouraged to propose the test case(s) to be used



In the last meeting, it was agreed to introduce PUSCH demodulation requirements with selecting limited case(s) to configure the new defined DMRS ports for no more than 2 DMRS ports. Regarding the number of DMRS ports introduced for PUSCH requirements, there is no conclusion yet
To enable new DMRS patten without increasing the DM-RS overhead, the following enhanced FD-OCC length was agreed in RAN1#110b-e meeting as following
	Agreement
For enhanced FD-OCC length for DMRS of PDSCH/PUSCH for Rel.18 eType 1 DMRS, support
· Opt.1-2: Length 4 FD-OCC is applied to 4 REs of DMRS within a PRB or across consecutive PRBs within an CDM group



Meanwhile, the related FD-OCC sequence was agreed as
	Agreement
For FD-OCC length 4 for PDSCH/PUSCH, select the following:
· Opt.1-1 (Walsh matrix) for PDSCH
· Opt.1-2 (Cyclic shift) for PUSCH

	FD-OCC index 
	wf(0) 
	wf(1) 
	wf(2) 
	wf(3) 

	0 
	+1 
	+1 
	+1 
	+1 

	1 
	+1 
	-1 
	+1 
	-1 

	2 
	+1 
	+j 
	-1 
	-j 

	3 
	+1 
	-j 
	-1 
	+j 






Compared with Rel-15 type 1 DMRS, new FD-OCC length and new FD-OCC sequence have been introduced. It will have impact on baseband processing for channel estimation to derive the channel information per each DMRS port, which is different with FD-OCC length of 2. 
Number of DMRS port introduced
In Rel-15, the PUSCH requirements with both 1 DMRS port and 2 DMRS ports were introduced considering the test coverage of different UE types.
For 1Tx, since there is only 1 port, from performance requirement perspective, the performance is expected to be same 
For 2Tx, due to the new FD-OCC length and new FD-OCC sequence introduced, compared with Rel-15 with FD-OCC length 2, the baseband processing for channel estimation will be different
Considering the test coverage, from both baseband processing and performance perspective, it is necessary to introduce PUSCH demodulation requirement with new DMRS pattern with both Rank 1 and Rank 2 for functionality verification.
Proposal 1: RAN4 introduce PUSCH demodulation requirement with new DMRS pattern with both Rank 1 and Rank 2.

2.2	BS requirement for FR2 STxMP 
Compared with Rel-17 UL panel selection, CPE/FWA/vehicle/Industrial devices can benefit from higher UL coverage and average throughput with simultaneous UL multi-panel transmission. Uplink multi-panel transmission was introduced based per TRP per uplink panel basis in Rel-18.
As agreed in the last meeting as following for Rel-18 enhanced DMRS port
	· FFS on introducing BS demodulation requirements for FR2 STxMP
· Companies are encouraged to provide the view about the testability of FR2 STxMP



To support UL multi -panel transmission, different UL transmission schemes were considered for evaluation in RAN1, similar as DL transmission in Rel-16 eMIMO WI, including both single-DCI based multiple TRP and multi-DCI based multiple TRP for both PUSCH and PUCCH. 
The following transmission schemes for single DCI-based was agreed in RAN1, 
	Agreement
Confirm the working assumption with the following updates:
Support the following scheme for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18:
· SDM scheme with one CW

Agreement
Support SFN-based transmission scheme for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18.



As illustrated in Fig.1, two (or two sets of) layers of PUSCH with two beams are transmitted from two UE panels towards two TRPs. In addition, we think SFN based MTRP PUSCH can be considered equally


        
Fig.1 Single DCI based on MTRP PUSCH with SDM and SFN scheme 

· For SDM scheme:  different layers/DMRS ports of one PUSCH are separately precoded and transmitted from different UE panels simultaneously. This method can exploit spatial multiplexing as the different layers are transmitted from different panels. This method can provide efficient resource utilization and increase the UE uplink throughput.
· For SFN-based transmission scheme: all the same layer/DMRS ports of one PUSCH are transmitted from different UE panels simultaneously. This method can improve the reliability of transmission since the TB can still be decoded when beam blockage occurs in one link

For SDM scheme, UE will transmit the different layer of one PUSCH with across 2 panels on the same time-frequency resource. According to RAN1 agreement, only 1 CW is supported for single-DCI based multi-TRP, which means that different layers is generated from 1 CW, it requires two TRPs to combine different layers LLR information into one decoder. Therefore, the UE uplink throughput expected to be increased, Therefore, the related PUSCH requirement could be considered.
For SFN scheme, UE will transmit the same layer(s) one PUSCH with across 2 panels on the same time-frequency resource. Since there is no interference assumption across 2 panels, so, the TB can still be decoded when beam blockage occurs in one link, which can improve the reliability of transmission.  
Pending on whether combination the signal across TRPs required, it is FFS on whether PUSCH requirement with SFN scheme could be introduced.
The following transmission schemes for multi- DCI-based was agreed in RAN1,
	Agreement
Support STxMP PUSCH+PUSCH transmission in multi-DCI based system in Rel-18. 
· Two independent PUSCHs associated with different TRPs can be transmitted by a UE simultaneously in same active BWP. 
· The total number of layers of these two PUSCHs is up to 4.
· FFS: whether the number of layers of each of these two PUSCHs is up to 2.



As illustrated in Fig.2, two separated PUSCHs with two beams are transmitted from two UE panels towards two TRPs. 



Fig.2 multi- DCI based on MTRP PUSCH 

In multi-DCI based multi-TRP transmission, each TRP schedules the DL and UL transmission separately through its own PDCCH transmissions. In Rel-15/16, it is required that PUSCH 1 and PUSCH 2 are not overlapped in time domain. However, for a UE capable of simultaneous multi-panel transmissions, it is feasible to schedule PUSCH 1 and PUSCH 2 in resources that are overlapped in time domain.
Since two independent PUSCHs associated with different TRPs transmitted by UE for multi-DCI, where separately processing for each PUSCH is required. If there is no interference assumption across 2 panels, the multi-DCI based STxMP PUSCH could be verified based on existing PUSCH requirement in FR2.
Observation 1: For single-DCI based SDM scheme, the different layers LLR information from one PUSCH CW combination is required among two TRPs into one decoder for PUSCH demodulation.
Observation 2: For single-DCI based SFN scheme, the same PUSCH signal from each panel can be combined among two TRPs for PUSCH demodulation
Observation 3: For multi-DCI based scheme, the different PUSCH signal can be processed separately 

Excepting for PUSCH, PUCCH is also enhanced with supporting both single-DCI based multi-TRP and multi-TCI based multi-TRP transmission in FR2.
The following transmission schemes for single DCI-based was agreed in RAN1 
	Agreement
Support the SFN scheme for single-DCI based STxMP PUCCH transmission.



Observation 4: For single-DCI based SFN scheme, the same PUCCH signal from each panel can be combined among two TRPs for PUSCH demodulation
In general, from the receiver processing perspective, it is necessary to introduce PUSCH and PUCCH requirements with UE FR2 STxMP transmission.
Proposal 2: From performance requirement aspect, PUSCH and PUCCH requirements with UE FR2 STxMP should be introduced.
In the last meeting, companies have raised the testability issue. From the testability aspect, compared with legacy BS conformance, two TRPs with ideal backhaul are required during the test for FR2 STxMP to verify two TRPs reception. For two TRPs reception, it is similar as UL CoMP in LTE. How to handle the multiple TRPs reception for UL CoMP is transparent to UE, up to gNB implementation. Therefore, there is no related requirement for UL CoMP in 3GPP.  For Rel-18 FeMIMO with UE FR2 STxMP, new test method is required for BS conformance test if introduced. The test feasibility should be confirmed by TE vendors.
Observation 5: How to handle the multiple TRPs reception for UL CoMP is transparent to UE, up to gNB implementation, without requirement for UL CoMP in 3GPP.
Observation 6: New test method is required for BS conformance test to support PUSCH and PUCCH requirements with UE FR2 STxMP.
Meanwhile, based on RF discussion for UE FR2 STxMP, excepting for RF requirement of PcMAX introduced, how to differentiate the overlapped two different beams with defining the related EIRP requirement, there is no conclusion yet. 
Observation 7:  No specific UE RF requirements with two UL beams simultaneously transmission introduced in RF session 
Based on above analysis, given there is no RF requirement and testable issue, it is not feasible to define BS requirements with UE FR2 STxMP in Rel-18.
Given the limited time for this WI, we suggest to postpone the BS performance requirement with UE FR2 STxMP introduction to future release.
Proposal 3: Postpone the discussion on introduction BS demodulation requirement with UE FR2 STxMP to future release.

3	Test setup of BS demodulation requirement
[bookmark: _Hlk146555501]3.1	Test setup of PUSCH requirement for DMRS enhancement
In this section, the detail test setup selected from the legacy PUSCH cases for PUSCH requirement with DMRS enhancement is provided.
SCS&CBW
Regarding SCS &BW, since the DMRS enhancement is mainly targeting for FR1, to reduce the test effort, we would like to specify the minimum CBW per SCS, e.g., 15KHz SCS with 5MHz, and 30KHz SCS with 10MHz.
Antenna configuration 
For Rx antenna configuration, to reduce the test effort, 2Rx should be enough. In summary, the following antenna configuration as 1Tx2Rx, 2Tx2Rx can be considered as starting point for specifying the PUSCH requirement with DMRS enhancement.
Port combination and index
How to indicate the port combination, the following was agreed in RAN1#111 meeting
	Agreement
· For the antenna ports indication in Rel.18 eType1/eType2 DMRS ports with maxLength = 1/2 for PDSCH, all of the following port combinations can be indicated:
· Cat. 1) Legacy port indexes (eType 1: p=0~7, eType 2: p=0~11)
· Cat. 2) New port indexes (eType 1: p=8~15, eType 2: p=12~23)
· Cat. 3) Legacy port indexes and New port indexes at least within a CDM group at least for maxLength=1 (eType 1: up to 4 ports from {0, 1, 8, 9} and/or up to 4 ports from {2, 3, 10, 11}, eType 2: up to 4 ports from {0, 1, 12, 13} and/or up to 4 ports from {2, 3, 14, 15} and/or up to 4 ports from {4, 5, 16, 17}) at least for S-TRP case,
· For up to 4 ranks, only one CDM group is used per UE. For larger than 4 ranks, more than one CDM groups can be used per UE.

Table 7.3.1.1.2-8-X: Antenna port(s), transform precoder is disabled, dmrs-Type=eType1, maxLength=1, rank = 1
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0

	1
	1
	1

	2
	2
	0

	3
	2
	1

	4
	2
	2

	5
	2
	3

	6
	1
	8

	7
	1
	9

	8
	2
	8

	9
	2
	9

	10
	2
	10

	11
	2
	11

	12-15
	Reserved
	Reserved



Table 7.3.1.1.2-9-X: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, maxLength=1, rank = 2
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0,1

	1
	2
	0,1

	2
	2
	2,3

	3
	2
	0,2

	4
	1
	8,9

	5
	2
	8,9

	6
	2
	10,11

	[7]
	[2]
	[8,10]

	8-15
	Reserved
	Reserved



Table 7.3.1.1.2-10-X: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, maxLength=1, rank = 3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-2

	[1]
	[2]
	[8-10]

	2
	1
	0,1,8

	3
	2
	0,1,8

	4
	2
	2,3,10

	5-15
	Reserved
	Reserved



Table 7.3.1.1.2-11-X: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, maxLength=1, rank = 4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-3

	[1]
	[2]
	[8-11]

	2
	1
	0,1,8,9

	3
	2
	0,1,8,9

	4
	2
	2,3,10,11

	5-15
	Reserved
	Reserved






Based on the above RAN1 agreement, new port indexes were introduced for (eType 1: p=8~15, eType 2: p=12~23).  For functionality verification, it is necessary to configure the DMRS port with new port indexes as {8} for Rank 1 with 1Tx and {8,9} for Rank 2 with 2Tx, with only one CDM group configured.
Channel Model
Regarding channel model, the baseline for delay spread is 30ns or 300ns in RAN1 evaluation of DMRS enhancement.   
Based on existing test parameters for PUSCH requirement, TDLA30-10 and TDLC300-100 can be considered for specifying PUSCH requirement with DMRS enhancement.  With large delay spread, the performance will be different with Rel-15 DMRS and Rel-18 DMRS. Therefore, we prefer to chose TDLC300-100 for requirement definition.
MCS
Regarding MCS, since TDLC300-100 is preferred, MCS 16 can be taken as starting point based on existing requirement.
Mapping type 
Regarding mapping type, both mapping type A and mapping type B were considered for PUSCH requirements with test applicability introduced. For DMRS enhancement evaluation purpose, mapping type A can be considered. We are also open to further discuss whether mapping type B is needed.
Number of DMRS symbol
Regarding the number of DMRS symbol, typical UE velocity is around 30km/h as RAN1 evaluation for DMRS enhancement. Therefore, 2 DMRS should be enough, it can be selected as a starting point for PUSCH requirement definition, which can meet test purpose of Rel-18 DMRS pattern.
Waveform
Regarding the waveform, RAN4 has specified PUSCH requirement with both CP-OFDM and DFT-s-OFDM waveform in Rel-15. According to the WID, the DMRS enhancement is mainly targeting for CP-OFDM as following
	· Study, and if justified, specify larger number of orthogonal DMRS ports for downlink and uplink MU-MIMO (without increasing the DM-RS overhead), only for CP-OFDM,



Other 
For other test parameters, exiting test parameters for specifying PUSCH requirement can be considered as following
	Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port
	{8}, {8,9},

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	
	DM-RS type 
	enhanced-dmrs-Type_r18

	Time domain
	PUSCH mapping type
	A

	resource
	Start symbol
	0 

	assignment
	Allocation length
	14 

	Frequency domain resource
	RB assignment
	Full applicable test bandwidth

	assignment
	Frequency hopping
	Disabled

	TPMI index for 2Tx two-layer spatial multiplexing transmission 
	0

	Code block group based PUSCH transmission
	Disabled

	NOTE 1:	The same requirements are applicable to FDD and TDD with different UL-DL pattern.



In summary, the following test parameters can be considered for PUSCH requirement with DMRS enhancement.
Proposal 4:  The following simulation assumption can be considered for PUSCH requirement with DMRS enhancement if agreed to introduced 
· SCS&CBW
· 15KHz SCS ,5MHz
· 30KHz SCS, 10MHz
· Antenna configuration: 1Tx2Rx, 2Tx2Rx
· MCS:  MCS 16
· Channel Model: TDLC300-100
· Mapping type: Type A and Type B
· Number of DMRS symbol: 2
· DM-RS port:
· {8} for 1Tx, {8, 9} for 2Tx
· Waveform: CP-OFDM

	Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port
	{8}, {8,9}

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	
	DM-RS type 
	enhanced-dmrs-Type_r18

	Time domain
	PUSCH mapping type
	A and B

	resource
	Start symbol
	0 

	assignment
	Allocation length
	14 

	Frequency domain resource
	RB assignment
	Full applicable test bandwidth

	assignment
	Frequency hopping
	Disabled

	TPMI index for 2Tx two-layer spatial multiplexing transmission 
	0

	TPMI index for 4Tx four-layer spatial multiplexing transmission 
	0

	Code block group based PUSCH transmission
	Disabled

	NOTE 1:	The same requirements are applicable to FDD and TDD with different UL-DL pattern.



4	Simulation Results 

In this section, the initial simulation results of PUSCH with Rel-18 DMRS port are provided, where the PUSCH performance with Rel-15 DMRS port is also included for comparison.

	Test Cases
	Antenna Configuration 
	SCS&BW
	MCS
	Channel 
	SNR @70% with Rel-15 DMRS ports
	SNR @70% with Rel-18 DMRS ports

	1
	1T2R
	15KHz and 5MHz
	2
	TDLB100-400
	-3.739
	-3.773

	2
	1T2R
	15KHz and 5MHz
	16
	TDLC300-100
	8.196
	8.128

	3
	2T2R
	15KHz and 5MHz
	2
	TDLB100-400
	-0.171
	-0.16

	4
	2T2R
	15KHz and 5MHz
	16
	TDLC300-100
	16.32
	16.258

	5
	1T2R
	15KHz and 10MHz
	2
	TDLB100-400
	-3.86
	-3.897

	6
	1T2R
	15KHz and 10MHz
	16
	TDLC300-100
	8.485
	8.401

	7
	2T2R
	15KHz and 10MHz
	2
	TDLB100-400
	0.409
	0.39

	8
	2T2R
	15KHz and 10MHz
	16
	TDLC300-100
	16.687
	16.699



Observation 8: Similar performance can be achieved with Rel-15 DMRS port and Rel-18 DMRS port for 1 DMRS port
Observation 9: Minor performance degradation with Rel-18 DMRS port in large delay channel condition TDLC300-100 with small CBW condition for 2 DMRS ports.
5	Conclusion
In this contribution, the view on the test scope of BS demodulation requirement for FeMIMO was provided.
Proposal 1: RAN4 introduce PUSCH demodulation requirement with new DMRS pattern with both Rank 1 and Rank 2.
Observation 1: For single-DCI based SDM scheme, the different layers LLR information from one PUSCH CW combination is required among two TRPs into one decoder for PUSCH demodulation.
Observation 2: For single-DCI based SFN scheme, the same PUSCH signal from each panel can be combined among two TRPs for PUSCH demodulation
Observation 3: For multi-DCI based scheme, the different PUSCH signal can be processed separately 
Observation 4: For single-DCI based SFN scheme, the same PUCCH signal from each panel can be combined among two TRPs for PUSCH demodulation
Proposal 2: From performance requirement aspect, PUSCH and PUCCH requirements with UE FR2 STxMP should be introduced.
Observation 5: How to handle the multiple TRPs reception for UL CoMP is transparent to UE, up to gNB implementation, without requirement for UL CoMP in 3GPP.
Observation 6: New test method is required for BS conformance test to support PUSCH and PUCCH requirements with UE FR2 STxMP.
Observation 7:  No specific UE RF requirements with two UL beams simultaneously transmission introduced in RF session 
Proposal 3: Postpone the discussion on introduction BS demodulation requirement with UE FR2 STxMP to future release.
Observation 8: Similar performance can be achieved with Rel-15 DMRS port and Rel-18 DMRS port for 1 DMRS port
Observation 9: Minor performance degradation with Rel-18 DMRS port in large delay channel condition TDLC300-100 with small CBW condition for 2 DMRS ports.
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