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Introduction
As approved in RAN #94-e meeting, multi-panel UL transmission related enhancements include the following objectives [1]:
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.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.
In this contribution, transmission schemes of multi-panel UL transmission and related UL precoding indication are discussed.
Motivation
In RAN1#96 meeting [2], the following multi-panel UE (MPUE) categories were identified for discussions.
· MPUE-Assumption1: Multiple panels are implemented on a UE and only one panel can be activated at a time, with panel switching/activation delay of [X] ms
· MPUE-Assumption2: Multiple panels are implemented on a UE and multiple panels can be activated at a time and one or more panels can be used for transmission
· MPUE-Assumption3: Multiple panels are implemented on a UE and multiple panels can be activated at a time but only one panel can be used for transmission
Rel-17 specified panel selection mechanism and TDM based PUSCH/PUCCH repetition method, which can be applied to multi-panel UEs with all the above-mentioned assumptions. For some advanced terminals with MPUE-Assumption 2, multiple panels cannot be utilized sufficiently due to the limitation on the number of simultaneously used panels. Actually, similar to simultaneous multi-TRP transmission, simultaneous multi-panel transmission can also be used to improve UL reliability and throughput. For example, more layers can be transmitted by multiple panels simultaneously to improve throughput performance. In another example, same TB can be transmitted by multiple panels with different TCI states and precoders to improve UL reliability. Therefore, in order to utilize the advantage of UEs with MPUE-Assumption 2 and further improve UL reliability and throughput,  simultaneous multi-panel UL transmission shall be supported in Rel-18.
Proposal 1:
· Simultaneous multi-panel uplink transmission shall be supported in Rel-18 to improve UL reliability and throughput .
Transmission schemes of multi-panel UL transmission
According to WID, precoding/beam indication to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability will be considered in Rel-18, focusing on FR2 and multi-TRP. Therefore, transmission schemes in multi-TRP scenario can be studied as baseline.
In multi-TRP operation, the following transmission schemes are specified for throughput enhancement for PDSCH:
· NC-JT (SDM scheme 1a) for S-DCI framework
· NC-JT for M-DCI framework
The following transmission schemes are specified for reliability enhancement for PDSCH:
· NC-JT (SDM scheme 1a) for S-DCI framework
· TDM based PDSCH repetition (scheme 3, 4)
· FDM (scheme 2a/2b)
· SFN
The following transmission scheme is specified for PUSCH:
· NC-JT for M-DCI framework, where two non-overlapping in time domain PUSCHs are scheduled.
· TDM based PUSCH repetition
Based on these already specified schemes, transmission schemes which are fit for simultaneous multi-panel UL transmission will be discussed.
1.1. Transmission schemes for higher UL throughput
Similar to PDSCH transmission, NC-JT can be considered for PUSCH transmission. Take Figure 1 as an example, different layers of one PUSCH or multiple PUSCHs are transmitted from one or multiple panels to multiple TRPs.
For M-DCI framework, two PUSCHs can be scheduled by two PDCCHs which are associated with different CORESETPoolIndex values. In order to support simultaneous multi-panel UL transmission, two PUSCHs can be fully/partially/non-overlapped in time and frequency domain, which is different from Rel-16 multi-TRP operation where two PUSCHs are non-overlapped in time domain. These two PUSCHs can be associated with either same or different panels, and have either same or different number of PUSCH ports. However, mechanisms are needed to ensure that gNB’s scheduling does not exceed UE capability. For example, it is assumed that a UE can transmit at most 4 layers simultaneously, then the UE will expect that the total number of PUSCH layers scheduled by two PDCCHs are not larger than 4.
For S-DCI framework, different layers of one PUSCH scheduled by one DCI are transmitted from different panels, and the resources of them can be fully/partially/non-overlapped in time and frequency domain. For this scheme, how to indicate TCI states and precoding information should be studied. Besides, how to perform power control should be considered. In this contribution, precoding information indication is discussed in Section 4. In our companion contribution [3], TCI indication and power control methods are discussed. According to WID, the total number of layers is up to four across all panels and total number of codewords is up to two across all panels. Therefore, whether to support two codewords should be discussed. In our view, channel qualities of two panels may have a large difference, and it is hard to determine a proper MCS level if single codeword is adopted. Accordingly, throughput performance cannot be guaranteed. Therefore, we prefer to introduce two codewords for up to four layers and specify related codeword to layer mapping method.


Figure 1 NC-JT for M-DCI or S-DCI framework
For configured grant Type 1 and Type 2 PUSCH transmission, similar transmission schemes as that for dynamic grant can be considered. For NC-JT for one PUSCH with configured grant, different layers of the PUSCH are transmitted from different panels, and the resources of them can be fully/partially/non-overlapped in time and frequency domain. For NC-JT for multiple PUSCHs with configured grant, the two PUSCHs can be associated with either same or different panels, and have either same or different number of PUSCH ports.
In order to improve throughput performance, NC-JT for PUSCH(s) scheduled by M-DCI or S-DCI, or PUSCH with configured grant can be considered. For S-DCI framework, whether there is a need to support partially/non-overlapped scheduling needs further discussion. Considering that partially/non-overlapped scheduling can be supported in M-DCI framework, fully overlapped transmission is considered in S-DCI as a starting point.
Proposal 2:
· NC-JT for PUSCH(s) scheduled by M-DCI or S-DCI, or PUSCH with configured grant can be considered for simultaneous multi-panel PUSCH transmission.
Proposal 3:
· Two codewords can be considered for NC-JT with S-DCI framework.
1.2. Transmission schemes to improve reliability
Generally speaking, transmission schemes which can improve reliability of PDSCH transmission can be extended to PUSCH transmission directly. Since TDM based PUSCH repetition has already been specified in Rel-17, and Rel-18 mainly focuses on simultaneous transmission, the following schemes can be further studied:
· SDM
· FDM
· SFN
For reliability enhancements, SDM 1a with multiple layers transmitted in fully-overlapped resources is enough.
For FDM, two transmission schemes shown in Figure 2 can be studied.


Figure 2 FDM based PUSCH transmission to improve reliability
For FDM scheme a, two parts of one TB can be transmitted by two panels with different TCI states. For FDM scheme b, different reductant versions of one TB are transmitted by two panels with different TCI states. Compared with single panel transmission, spatial diversity gain can be achieved. In these two schemes, how to indicate TCI states and precoding information should be studied.
SFN based PUSCH transmission is shown in Figure 3, where each layer can be transmitted by two panels, and each layer is associated with two TCI states. Similar to SDM and FDM, how to indicate TCI states and precoding information should be studied.


Figure 3 SFN based PUSCH transmission
In order to increase reliability of PUSCH transmission, and to provide scheduling flexibility for gNB, all the above-mentioned transmission schemes can be considered, for PUSCH scheduled by DCI or with configured grant.
Proposal 4:
· For reliability enhancements, the following transmission schemes can be considered for simultaneous PUSCH transmission: 
· SDM scheme 1a
· FDM
· SFN 
UL precoding indication
In Rel-17 TDM based PUSCH repetition, up to two SRS resource sets are configured for codebook based PUSCH transmission or non-codebook based PUSCH transmission, and two SRI fields and/or two TPMI fields are included in one DCI to indicate precoding information. For each transmission scheme discussed in Section 3, precoding indication should also be designed. In order to facilitate flexible switching between different schemes, a unified precoding indication method is expected. Since TDM based PUSCH repetition has already been specified, its precoding indication framework can be studied as a starting point.
In the unified precoding indication framework, two SRS resource sets, two SRI fields/indications and two TPMI fields/indications can be associated with two PUSCHs, two groups of layers, two groups of resources or two transmission occasions. Each SRS resource set can be associated with one panel or one TRP, and it is also associated with one SRI field/indication. For codebook based PUSCH transmission, each TPMI field/indication is associated with one SRI field/indication.
Actually, for each transmission scheme, there are other candidate precoding indication methods. For example, for SFN scheme, one SRS resource set can be configured, and one SRI field and one or two TPMI fields can be adopted. If additional benefit can be achieved, other precoding indication methods can also be considered. Otherwise, the unified precoding indication framework is preferred.
Proposal 5:
· The following unified precoding indication framework can be studied as a starting point:
· Two SRS resource sets are configured for either codebook or non-codebook based PUSCH transmission.
· Two SRI fields/indications and/or two TPMI fields/indications are included in DCI.
· Each SRI or TPMI indication is applied to one PUSCH, a group of layers/resources, or one transmission occasion.
For M-DCI framework, two SRI indications and/or two TPMI indications are in two DCIs. In other words, each DCI includes one SRI field and/or one TPMI field. For each SRI indication, how to determine the associated SRS resource set should be studied. Figure 4 shows two possible association methods, whether the association can be changed dynamically could be discussed.


Figure 4 Association between SRI indication and SRS resource set with M-DCI framework
Proposal 6:
· For M-DCI framework,
· How to establish the association between SRI/TPMI indication and SRS resource set should be studied. 
· Whether the association can be changed dynamically could be discussed.
For SDM scheme 1a, each DCI includes two SRI fields and/or two TPMI fields, and each SRI/TPMI is corresponding to one SRS resource set and a group of layers. For each SRI/TPMI field, how to determine the associated SRS resource set and the associated layers should be studied. With regard to the association between SRI/TPMI field and SRS resource set, mechanism in TDM based PUSCH repetition can be reused. With regard to the association between SRI/TPMI field and layers, Figure 5 shows four possible association methods assuming that dynamic switching between SDM scheme 1a and single TRP/panel transmission is supported. Furthermore, how to implement the dynamic switching should also be studied.


Figure 5 Association between SRI/TPMI indication and layers in SDM 1a
Proposal 7:
· For SDM scheme 1a, the following issues can be studied.
· With SRI/TPMI indication, how to determine the associated SRS resource set (e.g., reuse the mechanism in TDM based PUSCH repetition).
· With SRI/TPMI indication, how to determine the associated layers.
· Whether and how to implement dynamic switching between SDM scheme 1a and single TRP/panel transmission.
For FDM scheme, each DCI includes two SRI fields and/or two TPMI fields, and each SRI/TPMI is corresponding to one SRS resource set and a RB set or a transmission occasion of PUSCH. Similarly, how to determine the associated SRS resource set and the associated RB set or transmission occasion should be studied. With regard to the association between SRI/TPMI field and SRS resource set, mechanism in TDM based PUSCH repetition can be reused. With regard to the association between SRI/TPMI field and RB set or transmission occasion, similar mechanism to SDM scheme 1a can be designed.
Proposal 8:
· For FDM scheme, the following issues can be studied.
· With SRI/TPMI indication, how to determine the associated SRS resource set (e.g., reuse the mechanism in TDM based PUSCH repetition).
· With SRI/TPMI indication, how to determine the associated RB set or transmission occasion.
For SFN scheme, each DCI can also include two SRI fields and/or two TPMI fields, and each SRI/TPMI is corresponding to one SRS resource set and a group of layers. Similarly, the association between SRI/TPMI field and SRS resource set can reuse the mechanism in TDM based PUSCH repetition. For codebook based PUSCH transmission, two TPMI fields shall indicate the same number of layers. Whether two SRI fields indicate the same number of SRS ports can be further discussed. For non-codebook based PUSCH transmission, two SRI fields shall indicate the same number of SRS resources.
Proposal 9:
· For SFN scheme, the association between SRI/TPMI field and SRS resource set can be studied (e.g., reuse the mechanism in TDM based PUSCH repetition).
For configured grant PUSCH transmission, two SRI indications and/or two TPMI indications can also be considered. 
Conclusions
In this contribution, we provide our views on transmission schemes and precoding indication for simultaneous multi-panel uplink transmission. Based on the above discussion, we have the following proposals:
Proposal 1:
· Simultaneous multi-panel uplink transmission shall be supported in Rel-18 to improve UL reliability and throughput .
Proposal 2:
· NC-JT for PUSCH(s) scheduled by M-DCI or S-DCI, or PUSCH with configured grant can be considered for simultaneous multi-panel PUSCH transmission.
Proposal 3:
· Two codewords can be considered for NC-JT with S-DCI framework.
Proposal 4:
· For reliability enhancements, the following transmission schemes can be considered for simultaneous PUSCH transmission: 
· SDM scheme 1a
· FDM
· SFN 
Proposal 5:
· The following unified precoding indication framework can be studied as a starting point:
· Two SRS resource sets are configured for either codebook or non-codebook based PUSCH transmission.
· Two SRI fields/indications and/or two TPMI fields/indications are included in DCI.
· Each SRI or TPMI indication is applied to one PUSCH, a group of layers/resources, or one transmission occasion.
Proposal 6:
· For M-DCI framework,
· How to establish the association between SRI/TPMI indication and SRS resource set should be studied. 
· Whether the association can be changed dynamically should be discussed.
Proposal 7:
· For SDM scheme 1a, the following issues can be studied.
· With SRI/TPMI indication, how to determine the associated SRS resource set (e.g., reuse the mechanism in TDM based PUSCH repetition).
· With SRI/TPMI indication, how to determine the associated layers.
· Whether and how to implement dynamic switching between SDM scheme 1a and single TRP/panel transmission.
[bookmark: _GoBack]Proposal 8:
· For FDM scheme, the following issues can be studied.
· With SRI/TPMI indication, how to determine the associated SRS resource set (e.g., reuse the mechanism in TDM based PUSCH repetition).
· With SRI/TPMI indication, how to determine the associated RB set or transmission occasion.
Proposal 9:
· For SFN scheme, the association between SRI/TPMI field and SRS resource set can be studied (e.g., reuse the mechanism in TDM based PUSCH repetition).
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