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Introduction
In this contribution, we provide our views on the simultaneous multi-panel (STxMP) transmission scheme based on RAN1#110 meeting agreements and discuss some of our considerations for sDCI/mDCI based STxMP transmission of PUSCH/PUCCH.
Discussion
0. sDCI based SDM transmission of PUSCH
0. Layer combination and DMRS Port Indication
In RAN1#110 meeting, a working assumption was reached to support sDCI based STxMP PUSCH SDM scheme [1]. Further, an agreement was made regarding the DMRS port indication of this scheme.

	Working assumption
For single-DCI based STxMP PUSCH SDM scheme, support the layer combinations of {1+1, 1+2, 2+1 and 2+2} for single CW case. 
· 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.



Before discussing our views on the layer combination and DMRS port indication for sDCI based SDM transmission of PUSCH, let us briefly overview the supported solutions to related issues for other transmission schemes, namely, sDCI based SDM transmission of PDSCH and mTRP PUSCH repetition.

sDCI based SDM transmission of PDSCH: In Rel-16, sDCI based SDM transmission of PDSCH was supported where one PDSCH is transmitted from two TRPs. For the sDCI based SDM transmission of PDSCH, two TCI states are associated with a TCI codepoint that is indicated by the DCI where the first TCI state corresponds to the CDM group of the first antenna port indicated by the antenna port(s) indication table and the second TCI state corresponds to the other CDM group. The antenna port(s) indication tables are provided in Tables 7.3.1.2.2-1A/2A/3A/4A in 38.212 and the association of PDSCH DMRS ports with the CDM groups are given in PDSCH DM-RS parameters table provided in Tables 7.4.1.1.2-1/2 in 38.211. For a single CW transmission, it was agreed that the maximum number of layers for each TRP is 2 with the supported layer combinations of {1+1}, {1+2}, {2+1} and {2+2}. Further, to support the layer combination {1+2}, a new entry with DMRS ports {0, 2, 3} was added to the antenna port(s) indication tables. 

Observation 1: For sDCI based SDM transmission of PDSCH, layer combination and association to the TRPs are derived from the indicated entry of the antenna port(s) indication table 7.3.1.2.2-1A/2A/3A/4A in 38.212 and the association of PDSCH DMRS ports with the CDM groups in tables 7.4.1.1.2-1/2 in 38.211.

mTRP codebook based PUSCH repetition: For the sTRP codebook-based PUSCH transmission, the antenna port(s) are the same as the SRS port(s) in the SRS resource indicated in ‘SRS resource indicator’ (SRI) field, and the number of transmission layers along with the precoder are obtained from the ‘Precoding information and number of layers’ field (in short, TPMI field). For the codebook-based mTRP PUSCH repetition, a second SRI and a second TPMI fields were introduced. The precoder of the PUSCH transmission occasions associated with one of the two TRPs is obtained from the first TPMI field and the precoder of the PUSCH transmission occasions associated with the other TRP is obtained from the second TPMI field. The number of layers for all PUSCH transmission occasions is the same and, therefore, the number of transmission layers in the second TPMI field is obtained from the indicated number of transmission layers in the first TMPI field.

Observation 2: For mTRP codebook based PUSCH repetition, the number of layers for all PUSCH transmission occasions is the same and, therefore, the number of transmission layers in the second TPMI field is obtained from the indicated number of transmission layers in the first TPMI field.

mTRP non-codebook based PUSCH repetition:  For the non-codebook based mTRP PUSCH repetition, a second SRI field was introduced. The precoder of the PUSCH transmission occasions associated with one of the two TRPs is derived based on the first SRI field and the precoder of the PUSCH transmission occasions associated with the other TRP is derived from the second SRI field. Note that the number of layers for all PUSCH transmission occasions is the same and, therefore, the number of transmission layers in the second SRI field is obtained from the indicated number of transmission layers (which is the same as the number of indicated SRS resources) in the first SRI field. 

Observation 3: For mTRP non-codebook based PUSCH repetition, the number of layers for all PUSCH transmission occasions is the same and, therefore, the number of transmission layers in the second SRI field is obtained from the indicated number of transmission layers (which is the same as the number of indicated SRS resources) in the first SRI field.  

In Rel-18, at least layer combinations {1+1}, {1+2}, {2+1}, {2+2} are agreed along with a working assumption for the sDCI based STxMP PUSCH SDM scheme. For STxMP, it has been discussed if the mapping rule between the DMRS ports and the UE panels should follow a similar mechanism as in Rel-16 sDCI based SDM transmission of PDSCH so that the indicated DMRS ports belong to 2 CDM groups each of which associated with one of the two panels. In our view, to have a unified design for both downlink and uplink SDM mTRP transmission, it is preferred that different CDM groups of DMRS ports are associated with different panels for STxMP SDM transmission. Therefore, we have the following proposal:

Proposal 1: For sDCI based STxMP PUSCH SDM scheme, the indicated PUSCH DMRS ports in ‘Antenna ports’ DCI field belong to two CDM groups where each CDM group is associated with one panel.

For sDCI based STxMP PUSCH SDM scheme, two TPMI/SRI fields can be configured in DCI where each TPMI/SRI field is associated with one UE panel. The question is how to associate the two TPMI/SRI fields to the two CDM groups. Following our above discussion, indicated PUSCH DMRS ports belong to two DCM groups each of which associated with one of the two panels. Note that, for each panel, the number of PUSCH DMRS ports should be equal to the number of PUSCH layers indicated by the corresponding TPMI/SRI field. Therefore, when different number of layers are indicated by the two TPMI/SRI fields, the first/second TPMI/SRI field should be associated with the CDM group whose number of DMRS ports is equal to the number of layers indicated by the first/second TPMI/SRI field. When the same number of layers is indicated by the two TPMI/SRI fields, a simple association rule may be applied: For instance, the first and second TPMI/SRI fields are associated with the first and second CDM groups, respectively. As an example, assume that UE is indicated with DMRS ports {0, 1, 2} and the first TPMI/SRI field in DCI indicates one layer transmission while the second TPMI/SRI field indicates two layer transmission. Since DMRS ports {0,1} belong to CDM group 0 while DMRS port {2} belongs to CDM group 1 (see Table 6.4.1.1.3-1/2 of 38.211), the UE shall assume DMRS port {2}/CDM group 1 are associated with the first TPMI field and DMRS ports {0,1}/CDM group 0 are associated with the second TPMI field. 

Proposal 2: For sDCI based STxMP PUSCH SDM scheme, support configuring two TPMI/SRI fields in DCI with the following association mechanism between TPMI/SRI fields and the CDM groups of the indicated DMRS ports:
· When different number of layers are indicated by the two TPMI/SRI fields, the first/second TPMI/SRI field is associated with the CDM group whose number of DMRS ports is equal to the number of layers indicated by the first/second TPMI/SRI field. 
· When the same number of layers is indicated by the two TPMI/SRI fields, the first and second TPMI/SRI fields are associated with the first and second CDM groups, respectively.

Regarding the beam indication for STxMP PUSCH, it is agreed in the WID that unified TCI framework extension is assumed and UE may be indicated with two UL/joint TCI states for uplink transmission. As a simple rule, the first UL/joint TCI states may be associated with the first TPMI/SRI field, and the second UL/joint TCI states may be associated with the second TPMI/SRI field. 

[bookmark: _Hlk115376502]Proposal 3: For sDCI based STxMP PUSCH SDM scheme, support associating the first UL/joint TCI with the first TPMI/SRI field, and the second UL/joint TCI states with the second TPMI/SRI field. 

Another issue related to the layer combination for sDCI based STxMP PUSCH SDM scheme is whether to support {1+3} or {3+1}. It should be noted that rank 3 transmission for a single TRP is not a typical scenario in FR2. Further, it was agreed in Rel-16 that at most {2+2} layer combination is supported for the downlink mTRP. Finally, if the layer combination {1+3} is supported, the number of Tx antenna ports for the first panel must be at least one, while, according to the current codebook design, the number of Tx antenna ports for the second panel must be 4 to support a 3-layer TPMI indication (see Table 6.3.1.5-6 in 38.211). Note that, according to the WID, “no new codebook is introduced for multi-panel simultaneous transmission”. This means that to support {1+3} or {3+1} layers, the total number of Tx antenna ports over two panels needs to be at least 5. However, the current specifications do not support more than 4 antenna port UE. Therefore, we have the following proposal. 

Proposal 4: For STxMP PUSCH SDM scheme, layer combination {1+3} or {3+1} should not be supported. 

0. Switching between PUSCH TDMed repetition and STxMP SDM
If STxMP PUSCH SDM scheme is supported in Rel-18, one issue that was raised by companies is whether to support DCI-based dynamic switching between mTRP PUSCH repetition and STxMP PUSCH SDM. Note that, for the downlink mTRP, sDCI based SDM NCJT can be dynamically switched to PDSCH repetition if the TDRA field in DCI indicates an entry with RepetitionNumber. 
For uplink mTRP, one prerequisite for DCI-based dynamic switching between PUSCH repetition and STxMP PUSCH SDM is that the SRS resources for uplink channel acquisition can be shared by these two transmission modes so that the channel information for both schemes are available at the network side so the gNB can dynamically select either of them by DCI. However, the Rel-17 TDM based PUSCH repetition supports up to 4-layer transmission, which means the largest number of SRS antenna ports configured in the SRS resource set for codebook-based transmission can be 4. On the other hand, in STxMP PUSCH SDM scheme, since maximum of {2+2} layers are supported, UE is likely to be configured with 2-port SRS resources in the SRS resource set associated to each UE panel. In this case, the SRS configurations for the two transmission modes are not the same and, therefore, two different sets of SRS resource configuration (a total of 4 SRS resources sets) needs to be configured to UE to perform dynamic switching between PUSCH TDM repetition and STxMP PUSCH SDM. Considering the potential impact on both UE and NW complexity, we propose not to support this feature in Rel-18.

[bookmark: _Hlk115380304]Proposal 5: DCI-based dynamic switching between PUSCH TDM repetition and STxMP PUSCH SDM should not be supported.

0. [bookmark: _Hlk115380681]Dynamic switching between TxSP and STxMP SDM
In Rel-17, ‘SRS resource set indicator’ DCI field can be used to dynamically switch between mTRP PUSCH TDM repetition and sTRP PUSCH transmission. If switching between PUSCH TDM repetition and STxMP PUSCH SDM is only supported at the RRC level, then, when UE operates according to STxMP PUSCH SDM mode, ‘SRS resource set indicator’ DCI field can be used to dynamically switch between TxSP and STxMP SDM.

Proposal 6: ‘SRS resource set indicator’ DCI field can be used to support dynamic switching between TxSP and STxMP SDM transmission.

0. SRS resource set configuration
For codebook and non-codebook based STxMP PUSCH transmission, two SRS resource sets can be configured. UE shall associate each of these sets to one of its panels, e.g. the first SRS resource set corresponds to the first UE panel, and the second SRS resource set corresponds to second UE panel. The SRS resources from different sets may be transmitted simultaneously. 

Proposal 7: For STxMP, two SRS resource sets with usage set to 'codebook' or 'non-codebook' can be configured, the SRS resources from different sets may be transmitted simultaneously. 

0. mDCI based SDM transmission of PUSCH + PUSCH
The main use case of mDCI based schemes is multi-TRP transmissions with non-ideal backhaul. If mDCI based STxMP is supported in Rel-18, Rel-16 mDCI based PDSCH transmission design can be reused as a starting point. In mDCI based SDM transmission of PUSCH + PUSCH, UE may be configured with two CORESET groups each corresponding to one TRP. Two PUSCHs can be scheduled respectively by the two TRPs with fully/partially/non-overlapping resources in time/frequency domains in the same carrier. 
To simplify the implementation of UE in Rel-16 mDCI based PDSCH transmission, the UE is not expected to assume different DM-RS configuration with respect to the actual number of front-loaded DM-RS symbol(s), the actual number of additional DM-RS symbol(s), the actual DM-RS symbol location, and DM-RS configuration type. It should be further discussed if some or all of the above simplifying assumptions need to be supported for mDCI based SDM transmission of PUSCH + PUSCH.

Proposal 8: For mDCI based SDM transmission of PUSCH + PUSCH, further study if UE is not expected to assume different DM-RS configuration with respect to the following parameters: 
· the actual number of front-loaded DM-RS symbol(s),
· the actual number of additional DM-RS symbol(s), 
· the actual DM-RS symbol location, 
· DM-RS configuration type

Another issue related to the mDCI based SDM transmission of PUSCH + PUSCH is the power control mechanism for the two panels. For mDCI based STxMP, since two PUSCHs are scheduled independently by two DCIs, they could be fully/partially overlapped in time. When the PUSCHs are only partially overlapped, the Tx power available for each PUSCH may be different from symbol to symbol. For example, assuming symbol 0 and symbol 1 of PUSCH#0 are transmitted by panel#0, and symbol 1 and symbol 2 of PUSCH#1 are transmitted by panel#1, symbol 0 and symbol 2 can use the maximum transmission power (23dBm) since only single PUSCH is transmitted, and symbol 1 can only use half of the maximum transmission power (20dBm) since two PUSCHs are transmitted simultaneously. Therefore, to guarantee the maximum transmission power for UE, symbol level power adjustment for PUSCH may be needed which may cause an additional UE implementation complexity and gNB receiver design. Therefore, to avoid a symbol-level power adjustment, power control mechanisms for mDCI based STxMP should be studied. 

Proposal 9: Power control mechanisms for mDCI based STxMP should be studied and symbol-level power adjustment during PUSCH transmission should be avoided.

0. DFT-s-OFDM support for STxMP
By enabling “transform precoding”, DFT-s-OFDM is supported for both PUSCH and PUCCH transmissions to achieve a lower PAPR and, consequently, to facilitate PA to have a higher output power and enhance the UL coverage. 
In the legacy design, when transform precoding is enabled for a UE, UE is not expected to be scheduled to transmit more than one layer PUSCH. There are two reasons to have such restriction: First, the target scenario of transform precoding is UL coverage enhancement. Therefore, it is not necessary to support more layers for a higher capacity when the key issue is the lack of coverage. Second, MIMO precoding may distort the characteristics of the single carrier transmission and increase the PAPR. 

Observation 4: As the target scenario of transform precoding is the coverage enhancement, only one PUSCH layer is supported for this scheme in the current specification.

For STxMP, a typical implementation is that each panel has an independent RF chain and a PA. At least with such an architecture, for UL transmission from each panel, the transmission of only 1 layer can ensure that the PAPR is still low and the coverage gain can be achieved.

Observation 5: For STxMP PUSCH transmission, the transmission of only 1 layer per panel can ensure the PAPR is still low and the coverage gain can be obtained.

Based on the above discussion, it is also possible that two single layer PUSCHs could be generated by UE and each of them uses a transform precoding and transmitted from one panel. There is only 1 layer transmitted from each panel and, therefore, the coverage gain can be guaranteed. As the following figure shows, the total of two PUSCH layers with transform precoding enabled can be scheduled by the network and each PUSCH layer is mapped to and transmitted from one panel. 
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Figure 1: A STxMP transmitter of 2-layer PUSCH with transform precoding enabled

Proposal 10: Support 2-layer PUSCH transmission with transform precoding enabled for STxMP where each panel transmits only one layer.

0. sDCI based SFN transmission of PUSCH
In RAN1#110, it has been discussed whether to support the SFN based PUSCH transmission in addition to the SDM based PUSCH transmission. In this section, we provide our SLS evaluation on the SFN based STxMP. The SLS assumptions are given in Appendix I.
Table 1 shows the SLS result for SFN based STxMP. It can be observed that TxSP outperforms STxMP. The performance loss is even higher in a high RU region. Consequently, we believe the benefit of PUSCH SFN STxMP does not justify this scheme in Rel-18.

Table 1: SLS result comparison between SFN based STxMP and TxSP
	
	~10% RU 
	~20%RU
	~50%RU

	Total TRP
	23dBm
	26dBm
	23dBm
	26dBm
	23dBm
	26dBm

	Mean
	-7.47%
	1.63%
	-7.10%
	1.40%
	-15.40%
	2.00%

	5%-ile UE
	-24.7%
	0.2%
	-21.61%
	2.0%
	-29.16%
	10.05%

	50%-ile UE
	-5.84%
	2.20%
	-6.75%
	0.6%
	-14.76%
	0.72%

	95%-ile UE
	-3.44%
	0.23%
	-1.66%
	1.80%
	-6.82%
	0.51%



Observation 6: Based on our SLS performance comparisons between SFN based STxMP and the baseline TxSP scheme, benefits of STxMP SFN is not well-justified.

Proposal 11: SFN based STxMP is not supported in Rel-18.

0. Multi-panel transmission of PUCCH
In Rel-17 multi-TRP operation, PUCCH TDM repetition scheme has been specified to enhance the reliability of uplink control channel. In this scheme, UE repeats the transmission of the same PUCCH within the same time slot (intra-slot) or in different time slots (inter-slot) with two spatial relations and a configured mapping pattern. 
In Rel-18, the study of STxMP PUCCH was also included in the WID scope. Therefore, we have evaluated two PUCCH STxMP schemes where the detailed evaluation parameters can be found in Appendix II.
For scheme 1, FDM based PUCCH repetition is simulated where a single PUCCH payload is transmitted over two FDMed PUCCH resources by two UE panels for a reliability enhancement. 
It can be observed from the simulation result in Figure 2 that the BLER of TxSP is obviously lower than that of STxMP when the path loss gap between the two panels is larger than 3dB. STxMP performance gain can be achieved only when no path loss gap exists between the two panels and, even in that case, it is still a marginal gain at a low SNR region. Note that 0dB path loss gap between the two panels is quite unrealistic in a practical scenario. 
For scheme 2, mDCI based PUCCH SDM STxMP is simulated where two independent PUCCHs are transmitted by two UE panels over two PUCCH resources overlapped in time and frequency domains. The BLER curve of only one of the two PUCCHs is provided since their performances are the same. The result is shown in Figure 3. The BLER of multi-DCI based STxMP PUCCH transmission is obviously much higher than TxSP when the same total transmission power of UE is assumed. Even if per panel power assumption is assumed, a slight performance degradation can still be observed in multi-DCI based STxMP PUCCH transmission. 
As a result, based on our simulations, the performance comparison of STxMP of PUCCH+PUCCH over TxSP does not justify supporting this scheme. 
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Figure 2. BLER performance of STxMP and TxSP
[image: C:\Users\y00610651\AppData\Roaming\eSpace_Desktop\UserData\y00610651\imagefiles\C408D2E9-6527-4847-BA06-A1064A5FBF65.png]
Figure 3. BLER performance of multi-DCI based STxMP and TxSP

Observation 7: The performance comparison of STxMP transmission of PUCCH+PUCCH over the baseline TxSP does not justify supporting this scheme.

Proposal 12: STxMP transmission of PUCCH+PUCCH is not supported in Rel-18.

 
Conclusions 
In this contribution, we have the following observations and proposals
Observations: 
Observation 1: For sDCI based SDM transmission of PDSCH, layer combination and association to the TRPs are derived from the indicated entry of the antenna port(s) indication table 7.3.1.2.2-1A/2A/3A/4A in 38.212 and the association of PDSCH DMRS ports with the CDM groups in tables 7.4.1.1.2-1/2 in 38.211.

Observation 2: For mTRP codebook based PUSCH repetition, the number of layers for all PUSCH transmission occasions is the same and, therefore, the number of transmission layers in the second TPMI field is obtained from the indicated number of transmission layers in the first TPMI field.

Observation 3: For mTRP non-codebook based PUSCH repetition, the number of layers for all PUSCH transmission occasions is the same and, therefore, the number of transmission layers in the second SRI field is obtained from the indicated number of transmission layers (which is the same as the number of indicated SRS resources) in the first SRI field.

Observation 4: As the target scenario of transform precoding is the coverage enhancement, only one PUSCH layer is supported for this scheme in the current specification.

Observation 5: For STxMP PUSCH transmission, the transmission of only 1 layer per panel can ensure the PAPR is still low and the coverage gain can be obtained.

Observation 6: Based on our SLS performance comparisons between SFN based STxMP and the baseline TxSP scheme, benefits of STxMP SFN is not well-justified.

Observation 7: The performance comparison of STxMP transmission of PUCCH+PUCCH over the baseline TxSP does not justify supporting this scheme.


Proposals:
Proposal 1: For sDCI based STxMP PUSCH SDM scheme, the indicated PUSCH DMRS ports in ‘Antenna ports’ DCI field belong to two CDM groups where each CDM group is associated with one panel.

Proposal 2: For sDCI based STxMP PUSCH SDM scheme, support configuring two TPMI/SRI fields in DCI with the following association mechanism between TPMI/SRI fields and the CDM groups of the indicated DMRS ports:
· When different number of layers are indicated by the two TPMI/SRI fields, the first/second TPMI/SRI field is associated with the CDM group whose number of DMRS ports is equal to the number of layers indicated by the first/second TPMI/SRI field. 
· When the same number of layers is indicated by the two TPMI/SRI fields, the first and second TPMI/SRI fields are associated with the first and second CDM groups, respectively.

Proposal 3: For sDCI based STxMP PUSCH SDM scheme, support associating the first UL/joint TCI with the first TPMI/SRI field, and the second UL/joint TCI states with the second TPMI/SRI field. 

Proposal 4: For STxMP PUSCH SDM scheme, layer combination {1+3} or {3+1} should not be supported. 

Proposal 5: DCI-based dynamic switching between PUSCH TDM repetition and STxMP PUSCH SDM should not be supported.

Proposal 6: ‘SRS resource set indicator’ DCI field can be used to support dynamic switching between TxSP and STxMP SDM transmission.

Proposal 7: For STxMP, two SRS resource sets with usage set to 'codebook' or 'non-codebook' can be configured, the SRS resources from different sets may be transmitted simultaneously. 

Proposal 8: For mDCI based SDM transmission of PUSCH + PUSCH, further study if UE is not expected to assume different DM-RS configuration with respect to the following parameters: 
· the actual number of front-loaded DM-RS symbol(s),
· the actual number of additional DM-RS symbol(s), 
· the actual DM-RS symbol location, 
· DM-RS configuration type

Proposal 9: Power control mechanisms for mDCI based STxMP should be studied and symbol-level power adjustment during PUSCH transmission should be avoided.

Proposal 10: Support 2-layer PUSCH transmission with transform precoding enabled for STxMP where each panel transmits only one layer.

Proposal 11: SFN based STxMP is not supported in Rel-18.

Proposal 12: STxMP transmission of PUCCH+PUCCH is not supported in Rel-18.
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Appendix I: EVM assumptions for SFN STxMP
Table A1: SLS assumption for STxMP of Rel-18
	Parameters
	Values

	Frequency Range
	FR2 @ 30 GHz, SCS: 120 kHz, BW: 100 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
1. Indoor (TR 38.901/802)

	UE speed
	Option 2: 3 km/hr for all UEs

	Maximum UE Tx Power
	· Option 1: Max TRP of 23 dBm and max EIRP 43 dBm of two panels 

Note 1: Companies to state additional details on their simulation assumptions, if any.
Note 2: In Option 2, the max TRP of two panels might exceed the limit of PC2 in one band based on existing RAN4 power class definitions (which is currently per band). Companies to provide details whether Option 2 results in exceeding such limit in actual simulations. 
Note 3: In Option 1, companies to explain how max EIRP across two panels transmitting beams in different directions is determined.
Note 4: In case that Option 2 is used and max TRP of two panels exceeds the limit of PC2, companies to provide the excess value of the TRP of STxMP transmission over the TRP of the single panel transmission baseline.

	BS receiver Noise Figure
	7dB 

	BS Antenna Configuration
	Dense urban (M, N, P, Mg, Ng) = (4, 8, 2, 2, 2) (dV, dH) = (0.5, 0.5) λ
Note: Other structure are optional and reported by company.
Note: Companies to explain TXRU weights mapping.
Note: Companies to explain beam selection.
Note: Companies to explain number of BS beams 

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

	UE antenna configuration
	Option 1: Panel structure: 1x4x2 or (M, N, P) = (1, 4, 2), dH = 0.5 λ. Number of panels: 2
Note: Companies to explain the number and locations of panels.

	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
	FTP3.

	Control and RS overhead
	Not considered

	BF/Precoder scheme
	Independent precoding scheme

	UE Antenna height
	1.5 m

	UL MIMO Mode, rank
	UL SU-MIMO

	Per panel power control and other issues that are affected by RF transmission chain architecture
	Architecture 1 in Section 4 is assumed, where the two panels have independent BB,IF,FE and AA.


	Cross-link interference between 2 panels
	
According to real channel modeling.

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



Appendix II: EVM assumptions for FDM based PUCCH
	Parameters
	Values/settings

	Baseline scheme
	Rel-15 PUCCH

	Channel
	TDL-A

	PUCCH format
	Format 1

	PUCCH resource 
	4 symbols

	Frequency domain resource allocation
	1 RB

	UCI payload
	2 bits

	DMRS pattern
	DM-RS for PUCCH format 1

	Fc
	30GHz

	System Bandwidth
	100MHz

	SCS
	120kHz

	Waveform
	OFDM

	BS antenna config
	(Mg, Ng, M, N, P) = (1,1, 1, 1, 2)

	UE antenna config
	(Mg, Ng, M, N, P) = (1,1, 1, 1, 2)

	UE speed
	3km/h

	Delay Spread
	30ns

	Path-loss modeling	
	{0,3,6} dB gap between panels/TRPs
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