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Introduction
In 3GPP RAN #94, a new work item on further enhancement of MIMO was approved [1], which includes objective of enhancement for supporting simultaneous multi-panel transmission:
6. Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.

In this contribution, we will further discuss issues related with potential transmission schemes for simultaneous multi-panel PUSCH transmission and issues related UL precoding indication methods.
Single DCI based multi-TRP system
At RAN1#109e meeting, following agreements are achieved for STxMP PUSCH in single-DCI based multi-TRP system [2]:
	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
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.


At RAN1#110 meeting, some further agreements are achieved for STxMP PUSCH in single-DCI based multi-TRP system [3]:
	Working assumption
Support the following schemes for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18:
· SDM scheme
· In RAN1#110bis-e, RAN1 will only consider SFN based transmission scheme to support in addition to the above. Decision to support or not to be made in RAN1#110bis-e.
Agreement
For single-DCI based STxMP PUSCH SDM scheme, support the layer combinations of {1+1, 1+2, 2+1 and 2+2}. 
· FFS on layer combinations of {1+3} and {3+1} considering the performance gain, system/UE complexity, specification efforts, etc.
· FFS: the option of using layer combination of 0+n and n+0 for dynamic switch between single-panel and STxMP (n=1 or 2, 3 or 4). 
· This applies to SDM with 1 CW at least.
Agreement
To enhance the DMRS port indication for SDM scheme of STxMP PUSCH transmission in single-DCI based mTRP system, study the following aspects:
· Whether the indicated DMRS ports can be in different or same CDM group?
· How to determine the port partition among PUSCH layers.
· How to map DMRS ports with PUSCH layers from different panels.
· Whether to use one DCI field or two DCI fields for DMRS port indication
· How to indicate layer combination that is used to partition DMRS port partition among PUSCH layers.
· Other aspects are not precluded.
· 



Based on the above agreements, we will share further considerations for STxMP PUSCH in single-DCI based multi-TRP system in this section.
2.1. Potential Schemes for Simultaneous UL Transmission
For a UE capable of transmitting simultaneously with multiple panels, the gNB can use a single PDCCH to schedule PUSCH(s) transmitted by two panels simultaneously. For each transmission scheme, our view is as following:
· SDM scheme
As shown in Figure 1, through SDM scheme and SDM repetition scheme, the UE can simultaneously use different panels to transmit PUSCH in fully overlapped time and frequency resource. 
UE can use different panels to transmit different layers of one PUSCH. The total number of layers can be up to 4 across 2 panels, the number of layer(s) for each panel depends on the channel condition. The potential benefits of this scheme include:
· This scheme can exploit spatial multiplexing as the different layers are transmitted from different panels. 
· This method can provide efficient resource utilization and substantial UE uplink throughput.
· Low latency transmission. 
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Figure 1 Example of SDM scheme
One particular issue for SDM-based scheme we need consider is the number of codeword(s) for simultaneous multi-panel PUSCH transmission. Single codeword based PUSCH is supported in Rel-15. The channel characteristic of the radio links from UE with multiple panels and different TRPs could be quite different. The performance of one or both of the links may be degraded. Separate codewords for multi-panel transmission can avoid the potential performance loss. However, it needs much efforts to support separate codewords for multi-panel transmission, for example, codeword-to-layer mapping, and the additional indication for another codeword can increase the DCI overhead. In summary, considering the specification efforts, only if the performance gain from two codewords is substantial improved, two codewords can be considered.
Proposal 1: Two codewords can be considered for SDM scheme if performance gain is considerable.

· SFN-based transmission scheme
In Rel-17 HST, SFN-based transmission scheme was introduced for reliability. In Rel-18, SFN-based transmission scheme can also be supported for multi-panel transmission, as shown in Figure 4. A single RV is multiplexed in the spatial domain. The potential benefits include:
· Exploiting spatial diversity with the TB repetitions transmitted from different panels.
· Reliability can be improved. 
· Limit specification efforts.
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Figure 2 Example of SFN-based transmission scheme
Based on the potential benefits and the throughput gain shown in simulation results of SFN scheme, we propose:
Proposal 2: In addition to SDM scheme, support to specify SFN scheme.

· Switching of transmission schemes 
The transmission schemes discussed above are targeting to different scenarios or different requirements, and the scenarios and requirements do not change frequently. Furthermore, the DCI overhead can be different among the transmission schemes of PUSCH, which is not expected to change dynamically. Therefore, it seems more appropriate that all the potential transmission schemes should be configured semi-statically via RRC.
Proposal 3: Transmission schemes for single DCI based multi-panel PUSCH transmission are semi-statically configured by RRC.

2.2. Signaling design for single DCI based multi-TRP system 
2.2.1. UL precoding indication and layer indication for multi-panel transmission
In RAN1 #109-e meeting, it is agreed study the following as the starting point: the configuration of two SRS resource sets, SRS resource set indicator field, two SRI fields and two TPMI fields of Rel-17 multi-TRP PUSCH repetition.
In single DCI based Rel-17 multi-TRP PUSCH repetition schemes, for codebook based PUSCH transmission, Two TPMI fields are indicated in DCI formats 0_1/0_2. The first TPMI field uses the Rel-15/16 TPMI field design (which includes TPMI index and the number of layers) of DCI format 0_1/0_2. The second TPMI field only includes the second TPMI index. The same number of layers are applied as indicated in the first TPMI field. For non-codebook based PUSCH transmission, the first SRI field is used to determine the entry of the second SRI field which only contains the SRI(s) combinations corresponding to the indicated rank (number of layers) of the first SRI field. Two SRI field(s) corresponding to two SRS resource sets are included in DCI formats 0_1/0_2.
For SDM scheme as in Figure 3, separate TPMIs might be needed when different repetitions/layers are transmitted from different panels since the channel and precoding matrix are different. Transmission layer combinations of {1+1, 1+2, 2+1, 2+2} are agreed in RAN1#110 meeting. How to indicate the transmission layers for PUSCHs from two panels need to be discussed. There are two options to indicate the transmission layers.
Option 1: Layer combinations for PUSCH from two panels can be indicated jointly with TPMI/SRI. For codebook based PUSCH transmission, two TPMI fields should both include precoding and layer indication information, the two TPMI fields are same with first TPMI field in Rel-17. Similarly, for non-codebook based PUSCH transmission, two SRI fields should both indicate the SRS resources and the transmission layers, the two SRI fields are same with first SRI field.
[bookmark: OLE_LINK4][bookmark: OLE_LINK7]Option 2: Layer combinations for PUSCH from two panels can be indicated separately with TPMI/SRI. For codebook based PUSCH transmission, layer combinations can be indicated separately with precoding information. Similarly, for non-codebook based PUSCH transmission, layer combinations can be indicated separately with SRS resources. To support multi-panel transmission, Layer combinations of {1+1, 1+2, 2+1, 2+2} are considered. To support single panel transmission, up to 4 transmission layers also need to be considered. For codebook based PUSCH transmission, the first and second TPMI field only indicate all possible precoding information for PUSCH from corresponding panel. For non-codebook based PUSCH transmission, the first and second SRI field only indicate all possible SRS resources for PUSCH from corresponding panel. Since only limited layer combinations are indicated, DCI overhead can be saved.
For SFN scheme, two precoders with the same transmission layers should be indicated, which is the same as single DCI based Rel-17 multi-TRP PUSCH repetition schemes. For example, the indicated rank (number of layers) in first TPMI field is applied to both PUSCH transmission occasions in SFN scheme. Therefore, SRI/TPMI fields designed in Rel-17 multi-TRP TDM repetition can be reused directly.
Proposal 4: UL precoding indication and layer indication in Rel-17 can be starting point with some adjustment for single DCI based multi-panel transmission.
· For SDM scheme, layer combinations for PUSCH from two panels can be indicated separately with TPMI/SRI.
· For SFN scheme, separate precoding information for the same transmission layers are indicated.

For SDM scheme, layer combinations {1+3}, {3+1}, {0+n} and {n+0} are left to be studied. Additional specification efforts are needed to implement layer combinations {1+3} and {3+1}, for example, more bits are needed for layer indication in addition to layer combinations {1+1}, {1+2}, {2+1}, {2+2}, and additional antenna port design to support layer combinations {1+3} and {3+1}. 
Proposal 5: Considering the specification efforts, layer combinations {1+3} and {3+1} can be considered for SDM scheme only if performance gain is significant.

Basically, the configuration of two SRS resource sets, SRS resource set indicator field, two SRI fields can be reused for SDM and SFN scheme. Dynamic switching between single TRP and multi-TRP transmission is supported in Rel-17 by the indication of SRS resource set indication field, which can be directly reused to indicate dynamic switching between the transmission of two panels and a single panel. Since only multi-panel towards multi-TRP and single panel towards single TRP are considered by selecting the SRS resource set used for PUSCH transmission, TRP selection is equivalent to panel selection. There are some considerations on one SRS resource set and one SRI field for SFN scheme. This would introduce some additional problem, for example, if only one SRS resource set is configured for SFN scheme, single panel transmission or SFN transmission can not be differentiated when SRS resource set indication field is indicated ‘00’ or ‘01’.

Proposal 6: For SDM scheme and SFN scheme, reuse the configuration of two SRS resource sets, SRS resource set indicator field, and two SRI fields.
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Figure 3 UL precoding and rank indication for SDM scheme
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2.2.2. DMRS port indication
The DMRS ports for PUSCH are indicated in ‘antenna ports’ field, the bit length of ‘antenna ports’ field are determined according to several factors, for example, transform precoder, DMRS type, maximum number of DMRS symbols, and the number of transmission layers. Since layer combinations {1+1}, {1+2}, {2+1}, {2+2} are supported for SDM scheme, the indicated DMRS ports should be aligned with the corresponding transmission layers of PUSCH from each panel.
Observation 1: Enhancement is needed on DMRS port indication for the SDM scheme.
With regard to SDM scheme, consider two methods to map DMRS ports to PUSCH from two panels for codebook-based and non-codebook based PUSCH:
Option 1: Add ‘second antenna port(s)’ field.
· The first ‘antenna ports’ field and ‘second antenna ports’ field corresponding to two SRS resource sets are included in UL DCI. is associated with the first beam. Each antenna ports field indicates DMRS ports for PUSCH from each panel. 
· This method will increase the DCI overhead which is not expected. 
Option 2: Reinterpret the existing ‘antenna port(s)’ field. 
· The bit length of antenna ports field is determined by total number of transmission layers from two panels. 
· The indicated DMRS ports should be divided across the two beams based on some principles, e.g. different CDM groups.
· This method doesn’t need to increase DCI overhead.
Because two antenna port(s) fields are needed for option 1, DCI overhead will be increased which is not preferred. Compared with option 1, option 2 is a better method.
For SFN scheme, transmission layers are same for PUSCH(s) from two panels. DMRS ports can be shared between two panels.
Proposal 7: For single DCI based multi-panel simultaneous PUSCH transmissions, 
· Regard to DMRS port indication for SDM scheme, option 2 are preferred.
· Option 2: DMRS ports indicated in the table can be partitioned according to the number of transmission layers of PUSCH from each panel.
· Regard to SFN scheme, DMRS ports can be shared between two panels.

2.2.3. PTRS port association
In Rel-17 multi-TRP PUSCH TDM repetition, a maximum of 2 PTRS ports can be configured for one PUSCH repetition to track phase noise. Regard to multi-panel simultaneous PUSCH transmission, the necessity for more than one PTRS port per panel to track phase noise corresponding to each panel need further study. It is believed that Increasing PTRS ports would lead to much specification work and PTRS overhead. Whether maximum of 2 PTRS ports is enough for two panels can be studied by properly designing the association between PTRS ports and DMRS ports from two panels, e.g. PTRS-DMRS association field(s) designed in Rel-17 multi-TRP can be a starting point.
Proposal 8: Consider up to 2 PTRS ports for two panels and PTRS-DMRS association field(s) designed in Rel-17 multi-TRP as starting point.

Regard to different transmission schemes for single DCI based multi-panel simultaneous transmission, the number of needed PTRS ports and PTRS-DMRS association design can be different. For SDM scheme, antenna ports within one panel share PTRS port 0, and antenna ports within another panel share PTRS port 1. Each bit in PTRS-DMRS association field is used for indicating associated DMRS port for one panel separately. 
For SFN scheme, one PTRS port can also be utilized. Network guarantee that the strong layer indicated by PTRS-DMRS association is the strongest layer for two panels. PTRS-DMRS association field can be reused directly.
Proposal 9: For SDM/SFN scheme, the number of PTRS ports and PTRS-DMRS association can have different design.

Multi-DCI based multi-TRP system
At RAN1#109e meeting, following agreements are achieved for multi-DCI based STxMP PUSCH transmission [2]:
	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.


One issue is to distinguish the panel that PUSCH from. Simultaneous PUSCH transmission in multi-DCI based framework should be allowed that the two PUSCHs are associated with different values of coresetPoolIndex similar to multi-DCI based multi-TRP PDSCH transmission in Rel-16. For dynamic grant PUSCH, or configured grant PUSCH, it is possible to associate each PUSCH with one coresetPoolIndex, as shown in Figure 4.
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Figure 4 simultaneous multi-panel PUSCH transmission in multi-DCI based system
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Proposal 10: For multi-DCI based multi-panel transmission, the UE can transmit multi-panel PUSCH transmissions associated with different values of coresetPoolIndex.

In Rel-16, multi-DCI based multi-TRP PUSCH transmissions are supported with configuring only one SRS resource set. Actually, this is not an optimal manner to work in multi-TRP system. In Rel-18, two SRS resource sets should be configured to achieve panel-specific transmission performance. Since SRS resource set can be associated with corresponding coresetPoolIndex, one DCI schedules one PUSCH associated with one SRS resource set. Therefore, there is no need to have SRS resource set indicator field in the DCI. 
Proposal 11: Two SRS resource sets are needed to be configured and associated with different coresetPoolIndex for multi-DCI based multi-panel transmission.

Furthermore, for multi-DCI based PUSCH transmission, overlapping patterns of PUSCHs including fully/partially overlapping in time domain and fully/partially/non-overlapping in frequency domain are to be studied. These overlapping patterns can be divided into two types:
Type 1: Fully overlapping in time domain and fully/partial/non-overlapping in frequency domain shown in Figure 5.
Type 2: Partial overlapping in time domain and fully/partial/non-overlapping in frequency domain shown in Figure 6.
From the perspective of scheduling flexibility, dynamic scheduling with independent resource allocation on each panel/TRP in terms of network optimization. That mean both type 1 and type 2 are feasible. However, considering that power control issue may be occurred when PUSCHs are partially overlapping in time domain, this could increase UE implementation complexity. Therefore, from the perspective of implementation complexity, type 1 overlapping is with high priority to be studied. UE capability for supporting type 2 overlapping may be needed.
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Figure 5 PUSCH+PUSCH with fully overlapping resources in time domain
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Figure 6 PUSCH+PUSCH with partially overlapping resources in time domain

Proposal 12: For multi-DCI based PUSCH transmissions, fully overlapping in time domain and fully/partial/non-overlapping in frequency domain are supported with high priority.

Simulation results
Given the previously introduced transmission scheme, we perform system-level simulation to evaluate the performance of single DCI based simultaneous multi-panel PUSCH transmission via SFN scheme comparing with panel selection operation in dense urban scenario with FTP model 1 traffic. The detailed simulation assumptions can be found in appendix.
In Figure 7, we perform SFN scheme with Maximum UE Tx Power option 2 (Max TRP of 23 dBm per panel). The performances of panel selection operation are listed, including mean throughput, 5% throughput, 50% throughput and 95% throughput. The grey column is panel selection operation. The yellow column is SFN scheme with Maximum UE Tx Power option 2. The cross-link interference between 2 panels are superposed. Generally, it can be seen that SFN scheme can provide higher throughput than panel selection operation when RU is around 80%, especially for 5% UE which obtain sufficient throughput gain with 84%. Mean throughput gain and 50% throughput gain are 19% and 18%, which are also considerable. 
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Figure 7 Throughput comparison when RU is around 80%

In Figure 8, average throughput of three schemes are compared. The grey column is the average throughput gain of panel selection operation. The yellow column is SFN scheme with Maximum UE Tx Power option 2. The green column is SFN scheme with Maximum UE Tx Power option 1 (Max TRP of 23 dBm of two panel). The cross-link interference between 2 panels are also superposed. It can be observed from the yellow and green column that SFN scheme can both provide considerable average throughput than panel selection operation when RU is around 80%.
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Figure 8 Average throughput comparison when RU is around 80%
Given the analysis above, we have following observations:
[bookmark: _GoBack]Observation 2: Compared with panel selection operation, single DCI based multi-panel PUSCH transmission via SFN scheme can obtain considerable throughput improvement for high traffic load.
Observation 3: For both Maximum UE Tx Power option 1 and option 2, single DCI based multi-panel PUSCH transmission via SFN scheme is considerable for average throughput improvement.

Conclusions
In this contribution, we discussed potential schemes simultaneous multi-panel PUSCH transmissions in single-DCI based system and in multi-DCI based system.  Based on the discussion, the following observations and proposals are made:
Observation 1: Enhancement is needed on DMRS port indication for the SDM scheme.
Observation 2: Compared with panel selection operation, single DCI based multi-panel PUSCH transmission via SFN scheme can obtain considerable throughput improvement for high traffic load.
Observation 3: For both Maximum UE Tx Power option 1 and option 2, single DCI based multi-panel PUSCH transmission via SFN scheme is considerable for average throughput improvement.
Proposal 1: Two codewords can be considered for SDM scheme if performance gain is considerable.
Proposal 2: In addition to SDM scheme, support to specify SFN scheme.
Proposal 3: Transmission schemes for single DCI based multi-panel PUSCH transmission are semi-statically configured by RRC.
Proposal 4: UL precoding indication and layer indication in Rel-17 can be starting point with some adjustment for single DCI based multi-panel transmission.
· For SDM scheme, layer combinations for PUSCH from two panels can be indicated separately with TPMI/SRI.
· For SFN scheme, separate precoding information for the same transmission layers are indicated.
Proposal 5: Considering the specification efforts, layer combinations {1+3} and {3+1} can be considered for SDM scheme only if performance gain is significant.
Proposal 6: For SDM scheme and SFN scheme, reuse the configuration of two SRS resource sets, SRS resource set indicator field, and two SRI fields.
Proposal 7: For single DCI based multi-panel simultaneous PUSCH transmissions, 
· Regard to DMRS port indication for SDM scheme, option 2 are preferred.
· Option 2: DMRS ports indicated in the table can be partitioned according to the number of transmission layers of PUSCH from each panel.
· Regard to SFN scheme, DMRS ports can be shared between two panels.
Proposal 8: Consider up to 2 PTRS ports for two panels and PTRS-DMRS association field(s) designed in Rel-17 multi-TRP as starting point.
Proposal 9: For SDM/SFN scheme, the number of PTRS ports and PTRS-DMRS association can have different design.
Proposal 10: For multi-DCI based multi-panel transmission, the UE can transmit multi-panel PUSCH transmissions associated with different values of coresetPoolIndex.
Proposal 11: Two SRS resource sets are needed to be configured and associated with different coresetPoolIndex for multi-DCI based multi-panel transmission.
Proposal 12: For multi-DCI based PUSCH transmissions, fully overlapping in time domain and fully/partial/non-overlapping in frequency domain are supported with high priority.
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Appendix
Table A1: SLS assumption for STxMP of Rel-18
	Parameters
	Values

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

	Scenarios
	1. 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
	Option 2: 3 km/hr for all UEs

	[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Maximum UE Tx Power
	· Option 1: Max TRP of 23 dBm and max EIRP 43 dBm of two panels 
· Option 2: Max TRP of 23 dBm and max EIRP 43 dBm per panel



	BS receiver Noise Figure
	7 dB

	BS Antenna Configuration
	For dense urban: (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


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

	UE antenna configuration
	2 back-to-back panels. Panel structure: (M, N, P) = (1, 4, 2), dH = 0.5λ

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

	UE Antenna height
	1.5 m

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

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

	Baseline scheme
	Option 1: single panel transmission with panel selection.
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