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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 discuss issues related with potential transmission schemes for simultaneous multi-panel PUSCH transmission and issues related UL precoding indication methods. Evaluation methodology is also discussed.
Evaluation methodology for multi-panel transmission
For simultaneous multi-panel PUSCH transmission, the following evaluation assumptions can be considered on the basis of the agreed assumptions for Rel-17 multi-TRP PUSCH enhancement:
· Channel model: since multi-panel transmission focus on FR2, we suggest CDL as basic channel model.
· The number of panels/TRPs: as stated in new WID, up to 2 TRPs and up to 2 panels are assumed.
· Baseline scheme and repetition number: Rel-15/16 PUSCH is considered as baseline.
· Schemes: As TDM-based scheme has already been specified in Rel-17, FDM/SDM-based scheme for multi-panel PUSCH transmission can be evaluated in Rel-18, detailed scheme can be reported by companies.
· Overlapping schemes: for multi-DCI based PUSCH transmission, all the overlapping cases can be evaluated, detailed scheme can be reported by companies.
· For other parameters, the agreed assumptions for Rel-17 multi-TRP PUSCH enhancement can be reused.
Based on above analysis, the EVM for simultaneous multi-panel PUSCH transmission is summarized in Table 1:
Table 1 EVM for simultaneous multi-panel PUSCH transmission
	[bookmark: _Hlk49163453]Parameters
	Values

	# of UE Tx panels
	2

	# of TRPs
	Up to 2

	Channel model
	CDL for FR2 (TDL for FR2 can be optionally used)

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

	Blockage
	[bookmark: _Hlk49164794]Blockage model from Rel-16 (x dB power offset with probability p): Companies to report x and p, and other assumptions, if any.

	Target BLER
	[10^-3, 10^-4, 10^-5]: BLER values shown in plots should be based on enough number of samples, e.g., ~100/BLER samples

	Baseline scheme
	Rel-15/16 PUSCH 

	# of RBs/symbols
	Companies to Report. 

	DMRS pattern
	DM-RS configuration type 1
DM-RS Configuration type 2 (optional)

	# of layers
	1, 2 (optional) 

	Code rates
	Low (<0.2) and moderate (<0.4)

	Frequency hopping
	Reported by companies

	UL transmission scheme
	Codebook based UL transmission is baseline. Non-codebook based can be optional.

	Redundancy Version
	Reported by companies

	Schemes
	Details to be reported by companies, e.g. FDM/SDM-based scheme.

	Overlapping schemes in time domain
	Details to be reported by companies, e.g. Fully/partial/non-overlap transmissions. 

	Receiver assumption
	Reported by companies



Proposal 1: For evaluation of simultaneous multi-panel UL transmission, 
· Table A.3-3 of 38.824 can be a baseline of EVM and 
· Table 1 above is used for EVM. 
Single DCI based multi-TRP system
3.1. Overview of NR existing schemes
In Rel-16, enhancements for multi-TRP transmission focused on downlink transmission. Several multi-TRP schemes are supported for PDSCH transmission including SDM-based transmission, FDM-based transmission and TDM-based transmission, which are summarized in Table 2. SDM/FDM-based schemes can provide lower latency than the TDM-based schemes. SDM-based scheme increases the spectral efficiency, but there is inter-layer interference. FDM-based schemes have the benefits of no inter-layer interference in comparison with SDM-based schemes. Two different FDM-based schemes are supported in Rel-16 and they are applicable to different channel conditions. For example, different RVs of same TB are transmitted from different TRPs in FDM-based scheme 2b, it may achieve better self-decoding gain to combat blockage.
Table 2 Specified PDSCH transmission schemes in Rel-16
	Scheme
	SDM1a
	FDM2a
	FDM2b
	TDMa
	TDMb

	Transmission
	

	

	

	

	


	# of RV
	1
	1
	2
	2
	Multiple RVs



In Rel-17, enhancement for PUSCH in multi-TRP deployment is specified. PUSCH repetitions are transmitted to multiple TRPs with different beams, where PUSCH repetitions are scheduled by one PDCCH. The RV pattern is applied separately to PUSCH repetitions of different TRPs. Single DCI based multi-TRP PUSCH repetition type A and type B are shown in Table 3.
Table 3 Specified PUSCH transmission schemes in Rel-17
	Scheme
	Repetition type A
	Repetition type B

	Transmission
	

	


	# of RV
	Multiple RVs
	Multiple RVs



[bookmark: _Hlk102086136]PUSCH transmission, especially in FR2, may suffer from performance loss due to blockage effects, e.g. from a passing-by human body or a moving vehicle. With multi-TRP, PUSCH repetitions towards to multiple TRPs with different beams can be an effective way to improve robustness to both fading and blockage effects.
However, only TDM-based PUSCH repetition with two UL beams are considered in Rel-17. In order to achieve diverse performance gain, e.g. high throughput or high reliability, the uplink transmission can be further enhanced for UE that is capable of simultaneous UL transmission with multiple panels.
3.2. 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 simultaneous multi-panel PUSCH transmission in single DCI based system, we can consider the following potential schemes: SDM-based schemes and FDM-based schemes.
3.2.1. SDM-based transmission scheme
Through SDM-based scheme, the UE can simultaneously use different panels to transmit PUSCH in fully overlapped time and frequency resource. An example is shown in Figure 1, where one UE uses two Tx panel to transmit PUSCH to TRP1 and TRP2 simultaneously. The UE uses panel1 to transmit PUSCH1 to the TRP 1 and on the same time-frequency resource, the UE uses panel 2 to transmit PUSCH 2 to the TRP2. The PUSCH 1 and PUSCH 2 can be different parts, for example different layers of one PUSCH allocation. 
[image: ]
Figure 1 Example of SDM-based transmission scheme

For SDM-based simultaneous multi-panel PUSCH transmission, we can consider the following two different methods which uses different mechanisms to multiplex the PUSCH transmissions from two different panels on same time-frequency resource. 
Method 1: the 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. 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.
Method 2: the UE can use different panels to transmit the same TB through repetition in spatial domain. The TB is repeated from different panels but in fully overlapped time and frequency domain resources. This TB is repeated with two different beams to exploit spatial diversity. This method can improve the reliability of transmission since the TB can still be decoded when beam blockage occurs in one link.
Thus, we propose to study to support the following SDM-based transmission:
Proposal 2: Study to support SDM-based transmission scheme for simultaneous multi-panel PUSCH transmission, and consider the following methods:
· Method 1: UE use different panels to transmit different layers of one PUSCH.
· Method 2: UE use different panels to repeat the same TB in spatial domain.

One particular issue for SDM-based scheme we need consider is the number of codeword(s) for simultaneous multi-panel PUSCH transmission. Single CW 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. In such cases, a common MCS is insufficient to quantize the SINR level difference of two links. It is difficult to use a common MCS to match with the channel quality of both two links. 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 some efforts to support separate codewords for multi-panel transmission, for example, codeword-to-layer mapping. In summary, it is suggested to study to support two codewords for PUSCH in simultaneous multi-panel transmission.
Proposal 3: Study to support separate codewords in PUSCH of simultaneous multi-panel transmission.

3.2.2. FDM-based transmission scheme
In FDM-based transmission scheme, the UE transmit PUSCH from two panels simultaneously in non-overlapped frequency resources. An example of FDM-based scheme is illustrated in Figure 2.  As shown in the example, the UE uses panel 1 to transmit one PUSCH on the first part of frequency-domain resources while uses panel 2 to transmit another PUSCH on the second part of frequency-domain resources. Generally, the FDM-based scheme can improve the UL transmission reliability.
[image: ]
Figure 2 Example of FDM-based transmission scheme

Specifically, we can consider the following two methods for FDM-based scheme for simultaneous multi-panel PUSCH transmissions: 
Method 1: one TB is transmitted in one PUSCH transmission occasion and the frequency domain resources are partitioned into two non-overlapping parts. The first part of the PUSCH transmission occasion is transmitted from the first panel on the first part of the frequency domain resources while the other part of the PUSCH transmission occasion is transmitted from the second panel transmits on the other part of the frequency domain resources. Different part of the coded bits is transmitted via different panels.  The potential benefits of method 1 include:
· It can improve reliability since the PUSCH is transmitted through different radio link. 
· Since different UL beams are utilized for each panel, spatial diversity can be exploited.
· Low latency transmission. 
Method 2: two PDSCH transmission occasions are generated for the same TB and are transmitted via two different panels, respectively. The frequency domain resources of the PUSCH assignment is also partitioned into two non-overlapping parts and each panel transmits its PUSCH transmission occasion on one of these two non-overlapping frequency domain resources. The potential benefits of method 2 are:
· Improve the UL transmission reliability transmission and improve the transmission robustness with respect to beam blockage.
· Spatial diversity is exploited.
· Low latency because the different transmissions are transmitted at the same time.
Method 1 and method 2 might have different use case and be suitable for different deployment scenarios. In summary, we propose to study to support FDM-based scheme for simultaneous multi-panel PUSCH transmission:
Proposal 4: Study to support FDM-based transmission scheme for simultaneous multi-panel PUSCH transmission, and consider the following methods:
· Method 1: One TB is mapped in one PUSCH occasion and different panels transmit different parts of frequency domain resources of the PUSCH.
· Method 2: The same TB is mapped to two PUSCH occasions and different panels transmit different PUSCH occasions in non-overlapping frequency domain resources.

3.3. UL precoding indication for multi-panel transmission 
In Rel-17, single DCI based multi-TRP PUSCH repetition schemes are specified. 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. two SRI fields corresponding to two SRS resource sets are included in DCI formats 0_1/0_2, Each SRI field indicating SRI per TRP.
For simultaneous multi-panel PUSCH transmission in Rel-18 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. We can consider to enable different number of layers for different panels due to the following three reasons. First, generally the channel quality of radio links between UE and different TRPs is different. Second, the number of supported ports in two panels can be different, which depends on the UE implementation. Third, Rel-16 multi-TRP PDSCH transmission (SDM-based scheme) transmission supports different number of layers for different TRPs, and it is desired that uplink design is consistent with the corresponding downlink design. Detailed signaling mechanism and layer combinations can be further considered.
[image: ]
Figure 3 UL precoding for multi-panel PUSCH transmission

Proposal 5: For codebook-based PUSCH in simultaneous multi-panel transmission, consider to support separate indication of TPMIs and separate indication of number of layers for different panels. 
For non-codebook based multi-TRP PUSCH repetition in Rel-17, 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 non-codebook based PUSCH in simultaneous multi-panel transmission, we shall consider to support different number of layers for different panels due to the same reasons for codebook-based PUSCH transmission.
Proposal 6: For non-codebook based PUSCH in simultaneous multi-panel transmission, consider to support separate indication of number of layers for different panels. 
Multi-DCI based multi-TRP system
In multi-DCI based multi-TRP transmission, each TRP schedules the DL and UL transmission separately through its own PDCCH transmissions. An example is shown in Figure 2. The TRP 1 can use PDCCH1 to schedule PUSCH 1 from the UE and the TRP 2 uses PDCCH2 to schedule PUSCH 2 from the UE. 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. The benefit of that is the UE throughput can be increased. Specially, in multi-DCI based system, the PUSCHs in simultaneous multi-panel transmission can have the following possible resource allocation:
· Option 1: The resources allocated for transmissions via different panels are fully overlapped in time domain.
· [bookmark: _GoBack]Option 2: The resources allocated for transmissions via different panels are partially overlapped in time domain.
· Option 3: The resources allocated for transmissions via different panels are not overlapped in time domain.

[image: ]
Figure 4 simultaneous multi-panel PUSCH transmission in multi-DCI based system
For multi-DCI based PUSCH transmission, the resource allocation method for multiple PUSCHs should be considered. If applying any restriction on resource allocation to reduce UE implementation complexity, e.g. “fully overlap” or “non-overlap” PRB among panels/TRPs under a non-ideal backhaul, some semi-static time/frequency/space resource partition mechanism can be considered among panels/TRPs. This mechanism is always sub-optimal compared to dynamic scheduling with independent resource allocation on each panel/TRP and complicated in terms of network optimization. The “Independent resource allocation” should be considered for multi-DCI based PUSCH transmission. This means no restriction on PRB allocations, e.g. UE can transmit full/partially/non-overlapped PRBs independently scheduled by two PDCCHs, as described in above option 1, 2 and 3.
Proposal 7: Study to support PUSCH transmissions via different panels in full/partial/non-overlapping manner in time domain for simultaneous multi-panel transmission in multi-DCI based system.

Conclusions
In this contribution, we discussed the EVM for simultaneous multi-panel UL transmissions of rel-18 and we also 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 proposals are made:
Proposal 1: For evaluation of simultaneous multi-panel UL transmission, 
· Table A.3-3 of 38.824 can be a baseline of EVM and 
· Table 1 above is used for EVM. 
Proposal 2: Study to support SDM-based transmission scheme for simultaneous multi-panel PUSCH transmission, and consider the following methods:
· Method 1: UE use different panels to transmit different layers of one PUSCH.
· Method 2: UE use different panels to repeat the same TB in spatial domain.
Proposal 3: Study to support separate codewords in PUSCH of simultaneous multi-panel transmission.
Proposal 4: Study to support FDM-based transmission scheme for simultaneous multi-panel PUSCH transmission, and consider the following methods:
· Method 1: One TB is mapped in one PUSCH occasion and different panels transmit different parts of frequency domain resources of the PUSCH.
· Method 2: The same TB is mapped to two PUSCH occasions and different panels transmit different PUSCH occasions in non-overlapping frequency domain resources.
Proposal 5: For codebook-based PUSCH in simultaneous multi-panel transmission, consider to support separate indication of TPMIs and separate indication of number of layers for different panels. 
Proposal 6: For non-codebook based PUSCH in simultaneous multi-panel transmission, consider to support separate indication of number of layers for different panels. 
Proposal 7: Study to support PUSCH transmissions via different panels in full/partial/non-overlapping manner in time domain for simultaneous multi-panel transmission in multi-DCI based system.
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