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1. Introduction
In RAN1#109e meeting, following agreements were made for STxMP [1].
	Agreement
For STxMP PUSCH in single-DCI based mTRP system, study and evaluate the following schemes for PUSCH:
· SDM scheme: different layers/DMRS ports of one PUSCH are separately precoded and transmitted from different UE panels simultaneously. 
· Study and evaluate whether to support 2 CWs in SDM manner and transmitted from two different panel simultaneously.
· FDM-B scheme: two PUSCH transmission occasions with same/different RV of the same TB are transmitted from different UE panels on non-overlapped frequency domain resources and the same time domain resources.
· FDM-A scheme: different parts of the frequency domain resource of one PUSCH transmission occasion are transmitted from different UE panels.
· SFN-based transmission scheme: all of the same layers/DMRS ports of one PUSCH are transmitted from two different UE panels simultaneously.
· SDM repetition scheme: two PUSCH transmission occasions with different RV of the same TB are transmitted from two different UE panels simultaneously.
Note: Companies are encouraged to evaluate the different schemes for possible down-selection in RAN1#110.
Note: other schemes are not precluded
Agreement
For multi-DCI based STxMP PUSCH+PUSCH transmission, study and evaluate the following aspects:
· Two PUSCHs are associated with different TRPs and transmitted from different UE panels. The total number of layers of these two PUSCHs is up to 4.
· Study STxMP of PUSCH+PUSCH transmission where it is some combination of DG-PUSCH, CG-PUSCH and msg3/msgA PUSCH.
· The overlapping type(s) of fully/partially in time domain and fully/partially/non-overlapping in frequency domain are to be studied and justified for PUSCH+PUSCH.
Note: The above study shall take into account the UE implementation and RF considerations.
Note: Study the conditions required for STxMP PUSCH+PUSCH.
Note: Other aspects are not precluded.
Agreement
Study the enhancement of SRS resource set configuration and SRI/TPMI indication for single-DCI based STxMP PUSCH scheme:
· The configuration of two SRS resource sets, SRS resource set indicator field, two SRI fields and two TPMI fields of Rel-17 mTRP PUSCH TDM repetition is the starting point.
· FFS: The configuration of one SRS resource set, one or two SRI fields and one or two TPMI fields
· Note: This proposal does not mean that any possible SRI/TPMI enhancement on STxMP would be precluded. In RAN1#110, companies can suggest the detail SRI/TPMI enhancement with reasonable analysis and evaluation result.
Agreement
Study the layer combinations of {1+1, 1+2, 2+1, 2+2} for the SDM scheme (if supported) of single-DCI based STxMP PUSCH,
· This is for 1 CW at least.
· The layer combination for the SDM scheme can be further studied for 2 CW if 2 CW in SDM scheme is supported.
· FFS: study the layer combinations of {1+3, 3+1} under the above conditions.
· Companies are encouraged to provide SLS/LLS for their proposed layer combinations for the SDM scheme of single-DCI based STxMP PUSCH.
Agreement
Study if any enhancement is needed on DMRS port indication for the SDM scheme (if supported) of single-DCI based STxMP PUSCH 
· FFS how to map DMRS ports to two joint/UL TCI states/CWs/panels/TRPs/SRS resource sets/PUSCH layers for codebook-based and non-codebook based PUSCH respectively.
 


In this contribution, we discuss enhancements on STxMP PUSCH and STxMP PUCCH schemes.
2. Discussion on multi-panel PUSCH transmission 
2.1 STxMP PUSCH in S-DCI M-TRP  
For STxMP PUSCH in S-DCI M-TRP, following schemes were discussed in the last meeting.
· SDM scheme: different layers/DMRS ports of one PUSCH are separately precoded and transmitted from different UE panels simultaneously. 
· FDM-B scheme: two PUSCH transmission occasions with same/different RV of the same TB are transmitted from different UE panels on non-overlapped frequency domain resources and the same time domain resources.
· FDM-A scheme: different parts of the frequency domain resource of one PUSCH transmission occasion are transmitted from different UE panels.
· SFN-based transmission scheme: all of the same layers/DMRS ports of one PUSCH are transmitted from two different UE panels simultaneously.
· SDM repetition scheme: two PUSCH transmission occasions with different RV of the same TB are transmitted from two different UE panels simultaneously.
Among these schemes, FDM-A, FDM-B, SFN, SDM repetition can be beneficial for reliability and SDM scheme is beneficial for throughput. In Rel-17, TDM M-TRP PUSCH repetition was supported to improve reliability. Compared to TDM repetition, STxMP schemes can reduce latency. Comparing these STxMP schemes, a drawback of FDM-A scheme is that since different parts of frequency domain resources of one PUSCH transmission are transmitted from different panels to different TRPs, if one of the panels/TRPs is blocked, the PUSCH may not be decoded successfully. For SDM repetition scheme, the performance may be degraded by interference between two panels. Link-level simulation is performed to evaluate the performance of Rel-17 M-TRP TDM repetition, FDM-B, SFN and SDM repetition schemes. The simulation assumptions are given in Table I in appendix. In the simulation, for FDM-B and SDM repetition schemes, two repetitions are assumed to use different beams and different precoding. For SDM repetition scheme, interference between two panels/TRPs are assumed. At a TRP, the interference received from the other panel is assumed to be 6 dB lower than the signal. For SFN scheme, it is assumed that a TRP receives signals from both panels. The simulation results are shown in Figure1. From the simulation results, it can be observed that FDM-B scheme has similar BLER performance as Rel-17 M-TRP TDM repetition and has better performance than SFN and SDM repetition. Thus, for STxMP PUSCH in S-DCI M-TRP, FDM-B scheme can be supported to improve reliability. 
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Figure1. BLER performance of STxMP PUSCH FDM-B/SFN/SDM repetition scheme

Observation 2.1:  
· For STxMP PUSCH in S-DCI M-TRP, FDM-B scheme achieves almost the same BLER performance as Rel-17 M-TRP TDM repetition, while SFN/SDM repetition scheme has worse BLER performance that Rel-17 M-TRP TDM repetition and FDM-B scheme.
Proposal 2.1:  
· For STxMP PUSCH in S-DCI M-TRP, support FDM-B scheme.
[bookmark: _Hlk110777136]To support FDM-B scheme, per panel/TRP SRI/TPMI/PTRS-DMRS association indication is needed and solutions in Rel-17 M-TRP PUSCH can be reused, i.e., two CB/NCB SRS resource sets can be configured and two SRI/TPMI/PTRS-DMRS association fields can be indicated. Additionally, for FDM-B scheme, frequency domain resource allocation needs to be studied. Similar solution as Rel-16 M-TRP PDSCH FDM-B scheme can be used, i.e., first   PRBs are assigned to the first panel/TRP and the remaining   PRBs are assigned to the second panel/TRP, where is the total number of allocated PRBs for the UE.
Proposal 2.2:  
· For STxMP PUSCH FDM-B scheme, two CB/NCB SRS resource sets can be configured and the two SRI/TPMI/PTRS-DMRS association fields in Rel-17 can be reused.
Proposal 2.3:  
· For STxMP PUSCH FDM scheme, the first   PRBs are assigned to the first panel/TRP and the remaining   PRBs are assigned to the second panel/TRP, where is the total number of allocated PRBs for the UE.
In addition to reliability improvement, STxMP SDM scheme can be beneficial for throughput. For SDM scheme, whether one CW or two CWs are transmitted in a PUSCH were discussed in the last meeting. Compared to SDM with one CW, one benefit of scheduling two CWs is that MCS can be indicated per CW, i.e., indicated per panel/TRP. System level simulation is performed to evaluate the throughput of single panel Tx and STxMP SDM scheme with two CWs. The simulation assumptions are given in Table II in appendix. In the simulation, for single panel Tx, the panel with the best signal strength is selected. For SDM scheme with two CWs, dynamic switching between single panel Tx and STxMP SDM scheme is considered and per CW MCS is assumed. The simulation results are shown in Table I. From the simulation results, it can be observed that SDM scheme with 2CWs has obvious performance gain of throughput compared to single panel Tx. Thus, for STxMP PUSCH in S-DCI M-TRP, SDM scheme with 2CWs transmitted in a PUSCH can be supported to improve throughput.
Table I. Throughput performance of STxMP PUSCH SDM scheme
	RU
	(Mbps)　
	Single panel Tx
	SDM with 2CWs
	Gain of SDM with 2CWs

	20%
	Avg. UPT
	256.54
	273.90
	6.77%

	
	5% UPT
	85.09
	102.61
	20.59%

	50%
	Avg. UPT
	203.37
	217.48
	6.94%

	
	5% UPT
	50.23
	57.07
	13.62%


Observation 2.2:  
· For STxMP PUSCH in S-DCI M-TRP, SDM scheme with two CWs transmitted in a PUSCH achieves obvious performance gain of throughput compared to single panel Tx.
Proposal 2.4:  
· For STxMP PUSCH in S-DCI M-TRP, support SDM scheme with two CWs transmitted in a PUSCH.
To support SDM scheme, for CB PUSCH, per panel/TRP SRI/TPMI indication is needed. For per panel/TRP SRI indication, solutions in Rel-17 M-TRP PUSCH can be reused, i.e., two CB SRS resource sets can be configured and two SRI fields can be indicated. For per panel/TRP TPMI indication, two options can be considered. 
· Option1: one TPMI is indicated for layers and antenna ports across two panels. 
· Option2: two TPMIs are indicated for layers and antenna ports of two panels respectively. 
It is noted in WID that no new codebook is introduced. With existing codebook, option1 can only support the cases where total number of antenna ports across two panels is up to four. And with existing codebook, option1 cannot support the case where one panel is indicated with non-coherent precoder while the other panel is indicated with coherent precoder. Thus, option2 is preferred. To indicate two TPMIs, similar as Rel-17 M-TRP PUSCH, two TPMI fields can be indicated for two panels/TRPs respectively. However, the 2nd TPMI fields in Rel-17 cannot be reused. In Rel-17, two PUSCH repetitions have same rank, hence the 2nd TPMI field indicates from TPMIs with the rank indicated in the 1st TPMI field. In STxMP SDM scheme, the rank of two panels can be different. On the other hand, similar issue as Rel-17 M-TRP PUSCH exists. Candidate rank of the 2nd TPMI field is restricted by the rank indicated by 1st TPMI field, i.e., sum of rank indicated by the two TPMI fields should be no larger than the maxRank of STxMP SDM scheme. Thus, following options are considered for the 2nd TPMI field.
· Option1: Assuming the maxRank of STxMP SDM scheme is X, regardless of the rank indicated by the 1st TPMI field, the 2nd TPMI field applies TPMI table with maxRank=X. And UE expects that the sum of rank indicated by two TPMI fields is no larger than the maxRank of STxMP SDM scheme.
· Option2: Assuming the maxRank of STxMP SDM scheme is X, regardless of the rank indicated by the 1st TPMI field, the 2nd TPMI field applies TPMI table with maxRank=X-1. And UE expects that the sum of rank indicated by two TPMI fields is no larger than the maxRank of STxMP SDM scheme.
· Option3: Assuming the maxRank of STxMP SDM scheme is X and the 1st TPMI field indicates rank of 1st panel/TRP is Y, the 2nd TPMI field applies TPMI table with the maxRank=X-Y.
Compared with option1, option2/3 saves 1-bit DCI overhead in some cases, e.g., when maxRank of STxMP SDM scheme is 2. And compared with option3, option2 is simpler. Thus, option2 is preferred.
Proposal 2.5:  
· For STxMP SDM schemes for CB PUSCH, two CB SRS resource sets can be configured and the two SRI fields in Rel-17 can be reused. 
Proposal 2.6:
· For STxMP SDM scheme for CB PUSCH, two TPMI fields can be indicated for two panels/TRPs respectively. Assuming the maxRank of STxMP SDM scheme is X, the 2nd TPMI field applies TPMI table with maxRank=X-1.
For STxMP SDM scheme for NCB PUSCH, per panel/TRP SRI indication is needed. For per panel/TRP SRI indication, two NCB SRS resource sets can be configured, and following options can be considered. 
· Option1: one SRI(s) is indicated for SRS resources across two panels.
· Option2: two SRI(s) are indicated for SRS resources of two panels respectively. 
With existing SRI table, option1 can only support limited cases where total number of antenna ports across two panels is up to four. Thus, option2 is preferred. To indicate two SRI(s), similar as Rel-17 M-TRP PUSCH, two SRI fields can be indicated for two panels/TRPs respectively. However, the 2nd SRI fields in Rel-17 cannot be reused. In Rel-17, two PUSCH repetitions have same rank, hence the 2nd SRI field indicates from SRI(s) with the rank indicated in the 1st SRI field. In STxMP SDM scheme, the rank of two panels can be different. On the other hand, similar issue as Rel-17 M-TRP PUSCH exists. Candidate rank of the 2nd SRI field is restricted by the rank indicated by the1st SRI field, i.e., sum of rank indicated by the two SRI fields should be no larger than the maxRank of STxMP SDM scheme. Thus, following options are considered for the 2nd SRI field.
· Option1: Assuming the maxRank of STxMP SDM scheme is X, regardless of the rank indicated by the 1st SRI field, the 2nd SRI field applies SRI table with maxRank=X. And UE expects that the sum of rank indicated by two SRI fields is no larger than the maxRank of STxMP SDM scheme.
· Option2: Assuming the maxRank of STxMP SDM scheme is X, regardless of rank indicated in the 1st SRI field, the 2nd SRI field applies SRI table with maxRank=X-1. And UE expects that the sum of rank indicated by two SRI fields is no larger than the maxRank of STxMP scheme.
· Option3: Assuming the maxRank of STxMP SDM scheme is X and the 1st SRI field indicates rank=Y, the 2nd SRI field applies SRI table with maxRank=X-Y.
Compared with option1, option2/3 saves 1-bit overhead of DCI in some cases, e.g., when maxRank of STxMP SDM scheme is 2. And compared with option3, option2 is simpler. Thus, option2 is preferred.
Proposal 2.7:  
· For STxMP SDM scheme for NCB PUSCH, two NCB SRS resource sets can be configured and two SRI fields can be indicated. Assuming the maxRank of STxMP SDM scheme is X, the 2nd SRI field applies SRI table with maxRank=X-1.
Furthermore, for STxMP SDM scheme, mapping between DMRS ports and panels/TRPs needs to be studied. Similar solution as Rel-16 M-TRP PDSCH SDM scheme can be used. The CDM group of the first antenna port indicated by ‘Antenna ports’ field can be mapped to the first panel/TRP, the other CDM group can be mapped to the second panel/TRP. Additionally, with such mapping, existing entries in ‘Antenna ports’ table cannot support layer combination 1+2. Similar as Rel-16 M-TRP PDSCH SDM, new entry e.g. DMRS ports 0,2,3 can be added to the ‘Antenna ports’ tables.
Proposal 2.8:  
· For STxMP PUSCH SDM scheme, the CDM group of the first antenna port indicated by ‘Antenna ports’ field is mapped to the first panel/TRP, the other CDM group is mapped to the second panel/TRP.
Proposal 2.9:  
· For STxMP PUSCH SDM scheme, if layer combination 1+2 is supported, add new entry ‘DMRS ports 0,2,3’ in ‘Antenna ports’ tables.
To support STxMP PUSCH SDM scheme with 2CW, CW-to-layer mapping needs to be studied. For example, in case of rank=2, CW#0 and #1 may be mapped layer#0 and #1, respectively; in case of rank=3, CW#0 may be mapped to layer#0, and CW#1 may be mapped to layer#1 and #2; in case of rank=4, CW#0 may be mapped layer#0 and #1, and CW#1 may be mapped to layer#2 and #3. In addition, per codeword MCS/NDI/RV indication and UCI multiplexing need to be studied. These issues are similar as for 2CWs in 8Tx UL, hence common design for STxMP and 8Tx can be considered.
Proposal 2.10:
· For STxMP PUSCH SDM scheme with 2CW, following issues need to be further studied. 
· CW-to-layer mapping
· Per codeword MCS/NDI/RV indication. Common design for STxMP and 8Tx can be considered.
· UCI multiplexing. Common design for STxMP and 8Tx can be considered.

2.2 STxMP PUSCH in M-DCI M-TRP  
With M-DCI M-TRP operation, simultaneous multi-panel transmission can be beneficial for throughput improvement of PUSCH.
For M-DCI M-TRP operation, in Rel-16, out-of-order scheduling of PDSCH and PUSCH is supported when two PDCCHs that schedule two PDSCHs/PUSCHs are associated with different CORESETPoolID. And In Rel-16, two PDCCHs with different CORESETPoolID scheduling full/partially overlapped PDSCHs is supported. With simultaneous multi-panel UL Tx, two PDCCHs with different CORESETPoolID scheduling full/partially overlapped PUSCHs can be supported.
Proposal 2.11:  
· For M-DCI M-TRP, support two PDCCHs with different CORESETPoolID scheduling full/partially overlapped PUSCHs.
3. Discussion on multi-panel PUCCH transmission
3.1 STxMP PUCCH in S-DCI M-TRP  
For STxMP PUCCH in S-DCI M-TRP, following schemes were discussed in the last meeting.
· PUCCH FDM-A scheme: different frequency domain parts of one PUCCH resource are transmitted by two different UE panels.
· PUCCH FDM-B scheme: two FDM-ed PUCCH transmission occasion of the same UCI with the same PUCCH format are transmitted from two different UE panels
· PUCCH SFN scheme: The same PUCCH/PUCCH-DMRS is transmitted from two different UE panels simultaneously.
The above schemes can be beneficial for reliability. In Rel-17, TDM M-TRP PUCCH repetition was supported. Compared to Rel-17 TDM PUCCH repetition, FDM-A/FDM-B/SFN scheme can be beneficial for latency reduction. For FDM-A scheme, different frequency parts of one PUCCH are transmitted by two panels to TRPs respectively, hence a drawback is that if one panel/TRP is blocked, the PUCCH may not be decoded successfully. Considering specification impact, for SFN scheme, per panel/TRP beam indication can be supported with extension of unified TCI framework. For FDM scheme, in addition to per panel/TRP beam indication, frequency domain resource allocation needs to be considered. For FDM-A, the association between frequency parts of a PUCCH resource and two panels/TRPs needs to be studied. For FDM-B, resource allocation of two repetitions needs to be studied. Configuring two sets of frequency domain resources for one PUCCH resource or indicating two PUCCH resources for a PUCCH transmission needs to be considered, which may bring more spec. impact. Thus, for STxMP PUCCH in S-DCI M-TRP, SFN scheme is preferred. 
Proposal 3.1:  
· For STxMP PUCCH in S-DCI M-TRP, support PUCCH SFN scheme, i.e., the same PUCCH is transmitted from two different UE panels simultaneously.
3.2 STxMP PUCCH in M-DCI M-TRP
For STxMP PUCCH in M-DCI M-TRP, transmitting two PUCCH resources overlapped in time to different TRPs with different UE panels can be considered. In Rel-17, when two PUCCH transmissions overlap, UE resolves the overlapping by multiplexing the UCIs in one PUCCH or dropping one of the PUCCHs following certain rules. With simultaneous multi-panel Tx, allowing simultaneous transmission of two overlapped PUCCHs associated different panel/TRP can be considered. To support simultaneous transmission of two overlapped PUCCHs associated with different panel/TRP, following enhancements on UCI multiplexing procedure can be considered. In case of PUCCH overlapping, overlapping among PUCCH transmissions associated with same panel/TRP can be resolved first with Rel-17 UCI multiplexing/dropping rule. Then, for overlapping between two PUCCH transmissions associated with different panel/TRP, the two PUCCHs can be transmitted simultaneously.
Proposal 3.2:  
· For STxMP PUCCH in M-DCI M-TRP, support transmitting two PUCCH resources that are overlapped in time to different TRPs with different UE panels. Following enhancement can be considered for UCI multiplexing procedure. 
· In case of PUCCH overlapping, overlapping among PUCCH transmissions associated with same panel/TRP can be resolved first with Rel-17 UCI multiplexing/dropping rule. Then, for overlapping between two PUCCH transmissions associated with different panel/TRP, the two PUCCHs can be transmitted simultaneously.

4. Conclusion
In this contribution, we discussed enhancements on simultaneous multi-panel transmission. Based on the discussion, we made following proposals.
Observation 2.1:  
· For STxMP PUSCH in S-DCI M-TRP, FDM-B scheme achieves almost the same BLER performance as Rel-17 M-TRP TDM repetition, while SFN/SDM repetition scheme has worse BLER performance that Rel-17 M-TRP TDM repetition and FDM-B scheme.
Proposal 2.1:  
· For STxMP PUSCH in S-DCI M-TRP, support FDM-B scheme.
Proposal 2.2:  
· For STxMP PUSCH FDM-B scheme, two CB/NCB SRS resource sets can be configured and the two SRI/TPMI/PTRS-DMRS association fields in Rel-17 can be reused.
Proposal 2.3:  
· For STxMP PUSCH FDM scheme, the first   PRBs are assigned to the first panel/TRP and the remaining   PRBs are assigned to the second panel/TRP, where is the total number of allocated PRBs for the UE.
Observation 2.2:  
· For STxMP PUSCH in S-DCI M-TRP, SDM scheme with two CWs transmitted in a PUSCH achieves obvious performance gain of throughput compared to single panel Tx.
Proposal 2.4:  
· For STxMP PUSCH in S-DCI M-TRP, support SDM scheme with two CWs transmitted in a PUSCH.
Proposal 2.5:  
· For STxMP SDM schemes for CB PUSCH, two CB SRS resource sets can be configured and the two SRI fields in Rel-17 can be reused. 
Proposal 2.6:
· For STxMP SDM scheme for CB PUSCH, two TPMI fields can be indicated for two panels/TRPs respectively. Assuming the maxRank of STxMP SDM scheme is X, the 2nd TPMI field applies TPMI table with maxRank=X-1.
Proposal 2.7:  
· For STxMP SDM scheme for NCB PUSCH, two NCB SRS resource sets can be configured and two SRI fields can be indicated. Assuming the maxRank of STxMP SDM scheme is X, the 2nd SRI field applies SRI table with maxRank=X-1.
Proposal 2.8:  
· For STxMP PUSCH SDM scheme, the CDM group of the first antenna port indicated by ‘Antenna ports’ field is mapped to the first panel/TRP, the other CDM group is mapped to the second panel/TRP.
Proposal 2.9:  
· For STxMP PUSCH SDM scheme, if layer combination 1+2 is supported, add new entry ‘DMRS ports 0,2,3’ in ‘Antenna ports’ tables.
Proposal 2.10:
· For STxMP PUSCH SDM scheme with 2CW, following issues need to be further studied. 
· CW-to-layer mapping
· Per codeword MCS/NDI/RV indication. Common design for STxMP and 8Tx can be considered.
· UCI multiplexing. Common design for STxMP and 8Tx can be considered.
Proposal 2.11:  
· For M-DCI M-TRP, support two PDCCHs with different CORESETPoolID scheduling full/partially overlapped PUSCHs.
Proposal 3.1:  
· For STxMP PUCCH in S-DCI M-TRP, support PUCCH SFN scheme, i.e., the same PUCCH is transmitted from two different UE panels simultaneously.
Proposal 3.2:  
· For STxMP PUCCH in M-DCI M-TRP, support transmitting two PUCCH resources that are overlapped in time to different TRPs with different UE panels. Following enhancement can be considered for UCI multiplexing procedure. 
· In case of PUCCH overlapping, overlapping among PUCCH transmissions associated with same panel/TRP can be resolved first with Rel-17 UCI multiplexing/dropping rule. Then, for overlapping between two PUCCH transmissions associated with different panel/TRP, the two PUCCHs can be transmitted simultaneously.
Reference
[1]  RAN1 Meeting #109-e Chairman’s Notes, May 2022

Appendix  
Table I: LLS assumptions for STxMP PUSCH in S-DCI M-TRP

	Parameters
	Values

	Frequency Range
	FR2 @ 30 GHz,

	
	SCS: 120 kHz,

	Channel model
	CDL-A, DS=20ns

	BS antenna configuration
	2 TRP and 2 Rx ports per TRP

	UE antenna configuration
	2 panels and 2 Tx ports on each panel

	Path-loss modeling
	0 dB gap between panels/TRPs  

	Blockage
	No blockage is assumed 

	# of RBs/symbols
	31RBs, 4OS

	DMRS pattern
	DM-RS configuration type 1 for PUSCH  

	Code rates
	QPSK
CodeRate 379/1024

	Frequency hopping
	No frequency hopping

	Precoding
	SVD
granularity: 1 RB

	Redundancy Version
	RV=0 for no repetition
RV =[0, 2] with soft combining for repetition

	Cross-link interference between 2 panels
	Interference between 2 panels is assumed. At a TRP, interference from the other panel is assumed to be 6dB lower than the signal strength.

	Receiver assumption
	MMSE



Table II: SLS assumptions for STxMP PUSCH in S-DCI M-TRP
	Parameters
	Values

	Frequency Range
	FR2 @ 30 GHz, SCS: 120 kHz, BW: 80 MHz,

	Scenarios
	Dense urban (macro-layer only, TR 38.913) @FR2, 200m ISD, 2-tier model with wrap-around (7 sites, 3 sectors/cells per cell), 100% outdoor


	UE speed
	3 km/hr for all UEs


	Maximum UE Tx Power
	Max TRP of 23 dBm and max EIRP 43 dBm per panel          


	BS receiver Noise Figure
	7 dB

	BS Antenna Configuration
	(M, N, P, Mg, Ng) = (4, 8, 2, 2, 2). (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ
2TxRU per panel, 12 beams

	BS Antenna radiation pattern
	TR 38.802 Table A.2.1-6, Table A.2.1-7

	UE antenna configuration
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (0, 0)λ. * Θmg,ng=90°; Ω0,1=Ω0,0+180. The polarization angles are 0 and 90
2TxRU per panel, 8 beams

	UE Antenna radiation pattern
	TR 38.802 Table A.2.1-8

	UE dropping
	Random

	UE and panel orientation
	Vertical but random in azimuth

	Traffic Model
	FTP model 1 with packet size 0.5Mbytes (other value is not precluded).

	Control and RS overhead
	No control and RS overhead

	BF/Precoder scheme
	SVD

	UE Antenna height
	1.5 m

	UL MIMO Mode, rank
	UL SU-MIMO
Up to rank 4 for STxMP with 2 panels.

	Per panel power control and other issues that are affected by RF transmission chain architecture
	Per panel power control is assumed 

	Cross-link interference between 2 panels
	Cross-link interference between 2 panels is assumed 
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