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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
One of Rel-18 MIMO evolution WID scops is to support simultaneous multi-panel UL transmission as highlighted in the approved WID[1]:
	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.
· 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 RAN1#109e, the following agreements were reached[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
For the EVM of STxMP of Rel-18
· Reuse the SLS assumption of BM/Multi-panel UE in R1-2007151 with necessary update, as shown in Table A1
· Reuse the LLS assumption of Rel-17 mTRP UL repetition transmission with necessary update, as shown in Table A2
· Note: company can evaluate FR1 and explain the details of EVM assumptions for that
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 RAN1#109e, the following agreements were reached[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.
· FFS: FDM-A scheme
· FFS: FDM-B scheme
· FFS: SFN-based transmission scheme
For schemes other than SDM, final decision to support or not will 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} 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.

Agreement
Study and evaluate STxMP PUCCH based on the following:
· For single-DCI based STxMP PUCCH transmissions, companies to provide the detailed description of the scheme being evaluated along with evaluation results in contribution.
· For multi-DCI based STxMP PUCCH transmissions, transmitting two PUCCH resources with independent UCI payload to different TRPs with different UE panels that are fully or partially overlapping in time domain and partially/fully/non-overlapping in frequency domain can be considered.
· Note: Companies can reuse the EVM assumptions of Rel-18 STxMP as agreed in RAN1#109-e (other than the parameters that are specific to PUSCH) as well as Rel-17 EVM for PUCCH as agreed in RAN1#102-e (PUCCH format, # of RBs/symbols, UCI payload, and Frequency hopping as shown below).
· Baseline scheme can be Rel-15 PUCCH or Rel-17 mTRP PUCCH repetition.
	Parameters
	Potential values

	Baseline scheme
	Rel-15 PUCCH or Rel-17 mTRP PUCCH repetition

	PUCCH format
	Format 1 and 3.
Other PUCCH Formats can be optionally considered.

	# of RBs/symbols
	PUCCH Format 1: 4 symbols, 1 RB
PUCCH Format 3: 4 and 8 symbols, 1 RB
Other combinations are not precluded.

	UCI payload
	2 bits for PUCCH Format 1 (and Format 0, if considered). 
Companies to report assumptions on other PUCCH Formats

	Frequency hopping
	Reported by companies






In this contribution, we provide our views on the UL precoding indication mechanism for multi-panel transmission.
Discussion
Multi-panel UL transmission was first discussed in Rel-16 without reaching any agreement. In Rel-17, panel-selective based UL transmission for multi-panel UE was discussed and it was agreed that each UE can report multiple capability value sets corresponding to multiple panels that can be used for UL transmission. For some advanced devices, especially for the non-power limited devices, multiple panels can be simultaneously used for UL transmission when each panel has independent RF chains. As stated in the WID, up to 2 panels and 2 TRPs can be used for multi-panel UL transmission in FR2. Similar to multi-TRP based PDSCH, both multi-DCI based and single-DCI based multi-panel PUSCH transmission shall be supported targeting non-ideal and ideal backhaul assumption between two TRPs.
[bookmark: _Toc101530804][bookmark: _Toc101536956][bookmark: _Ref101537334][bookmark: _Toc101538840][bookmark: _Toc101688978][bookmark: _Toc101712282][bookmark: _Toc101716062][bookmark: _Toc111038631][bookmark: _Toc111106838][bookmark: _Toc111192473][bookmark: _Toc115266896][bookmark: _Toc115332776]Support both multi-DCI and single-DCI based STxMP PUSCH.
Two PUSCH schemes including codebook and non-codebook based PUSCH schemes are specified in Rel-15 for single-panel/TRP scenario. In Rel-17, multi-TRP based PUSCH repetition schemes were supported including both codebook and non-codebook PUSCH schemes. Therefore, both codebook and non-codebook based PUSCH schemes should be supported for simultaneous multi-panel PUSCH transmission. 
[bookmark: _Toc101536957][bookmark: _Toc101538841][bookmark: _Toc101688979][bookmark: _Toc101712283][bookmark: _Toc101716063][bookmark: _Toc111038632][bookmark: _Toc111106839][bookmark: _Toc111192474][bookmark: _Toc115266897][bookmark: _Toc115332777]Support both codebook and non-codebook based STxMP PUSCH.
Since the antenna port(s) for PUSCH transmission are tightly coupled to the SRS antenna port(s), enhancements on the SRS configuration to support multi-panel simultaneous operation are required. In Rel-17, in order to support multi-TRP based PUSCH repetition, two SRS resource sets for CB/nCB can be configured for a UE in a BWP of a cell, where each SRS resource set corresponds to a UE-TRP link. As indicated by the WID, up to 2 TRP and 2 panels can be supported for simultaneous multi-panel PUSCH transmission. It means that two UE panel-TRP links can be supported for simultaneous multi-panel UL transmission. Therefore, the SRS configuration for Rel-17 PUSCH repetition can be reused in Rel-18 with STxMP PUSCH. For the UE to support STxMP, two SRS resource sets for CB or nCB can be configured in a BWP of a cell, where each SRS resource set corresponds to a UE panel. Further, SRS resource set indicator field can also be reused to support the switching between single-panel based PUSCH and multi-panel PUSCH transmission with new interpretation. Note that for some multi-panel UE layouts, e.g., back-to-back UE panels, the Doppler shift values corresponding to the signals transmitted from both UE panels can be different at high UE speed, and hence using two SRS resource sets can also enable the gNB to have a better estimation of both Doppler shift values corresponding to the two UE panels. 
[bookmark: _Toc101536958][bookmark: _Toc101538842][bookmark: _Toc101688980][bookmark: _Toc101712284][bookmark: _Toc101716064][bookmark: _Toc111038633][bookmark: _Toc111106840][bookmark: _Toc111192475][bookmark: _Toc115266898][bookmark: _Toc115332778]Two SRS resource sets can be configured in a BWP of a cell for a UE to support STxMP and the SRS resource set indicator field can be used for the switching between single-panel and multi-panel based PUSCH transmission with new interpreation.

Single-DCI based multi-panel UL transmission 
STxMP PUSCH schemes
In Rel-17, only TDM based PUSCH schemes are supported for multi-TRP based PUSCH repetition since only one panel can be used in a given slot for UL transmission. However, for simultaneous multi-panel UL, it’s possible to support SDM, FDM based PUSCH schemes as well as SFN PUSCH scheme with multi-panel simultaneous transmission capability. SDM based multi-panel PUSCH can provide better UL throughput gain by exploiting the spatial domain multiplexing gain. SFN PUSCH scheme can provide better reliability by exploiting spatial diversity. FDM based multi-panel PUSCH can improve the UL reliability by exploiting both spatial domain diversity and frequency domain diversity. Compared with TDM based mTRP PUSCH scheme, FDM and SFN scheme can provide higher reliability with lower latency for URLLC traffic. Therefore we think SDM, FDM and SFN shall be supported
[bookmark: _Toc101536960][bookmark: _Toc101538844][bookmark: _Toc101688982][bookmark: _Toc101712286][bookmark: _Toc101716066][bookmark: _Toc111038634][bookmark: _Toc111106841][bookmark: _Toc111192476][bookmark: _Toc115266899][bookmark: _Toc115332779]Support SDM, FDM and SFN based STxMP PUSCH.

For FDM based STxMP PUSCH, the following two frequency allocation schemes can be supported for PUSCH transmitted by different TRPs:
· Allocation scheme 1: The first  PRBs are determined as the first set of PRBs for the PUSCH transmission for a first panel and the remaining  PRBs are determined as the second set of PRBs for the PUSCH transmission for a second panel.
· Allocation scheme 2: Even RBGs within the allocated frequency domain resources are determined as the first set of PRBs for the PUSCH transmission for a first panel, and odd RBGs within the allocated frequency domain resources are determined as the second set of RBGs for the PUSCH transmission for a second panel, wherein the RBGs are numbered continuously in increasing order with the first PRG index equal to 0.
However, different from PDSCH, PRB bundling is not supported for PUSCH. How to determine an allocation scheme for the PUSCH transmission from a panel need future study. Further, intra-slot frequency hopping can be concurrently configured with allocation scheme 1 for the UE to perform per panel frequency hopping. For this configuration, each panel can be indicated a frequency hopping offset, i.e., RBoffset.
[bookmark: _Toc111038635][bookmark: _Toc111106842][bookmark: _Toc111192477][bookmark: _Toc115266900][bookmark: _Toc115332780]For FDM STxMP PUSCH, the following PRB allocation schemes shall be supported, how to determine an allocation scheme for the PUSCH transmission for a panel is FFS.
· [bookmark: _Toc111038636][bookmark: _Toc111106843][bookmark: _Toc111192478][bookmark: _Toc115266901][bookmark: _Toc115332781]Allocation scheme 1: The first contiguous  PRBs are allocated to a first panel and the remaining  PRBs are allocated to a second panel.
· [bookmark: _Toc111038637][bookmark: _Toc111106844][bookmark: _Toc111192479][bookmark: _Toc115266902][bookmark: _Toc115332782]Allocation scheme 2: Even PRGs within the allocated frequency domain resources are allocated to a first panel, and odd PRGs within the allocated frequency domain resources are allocated to a second panel, wherein the PRGs are numbered continuously in increasing order with the first PRG index equal to 0.
[bookmark: _Toc111038638][bookmark: _Toc111106845][bookmark: _Toc111192480][bookmark: _Toc115266903][bookmark: _Toc115332783]Intra-slot frequency hopping can be concurrently configured for FDM STxMP PUSCH with wideband PRB allocation scheme.
· [bookmark: _Toc111038639][bookmark: _Toc111106846][bookmark: _Toc111192481][bookmark: _Toc115266904][bookmark: _Toc115332784]Two frequency hopping offsets can be indicated for the two panels, respectively.


[bookmark: _Ref100930836][bookmark: OLE_LINK2]Figure 1 Illustration of multi-panel PUSCH mode 1
An STxMP mode 1 is illustrated in Figure 1, where two panels are equipped for the UE for simultaneous UL transmission and each panel is assumed to have four antenna ports, i.e., antenna port 1000, 1001, 1002, 1003 of one panel. A single-DCI based multi-panel/TRP PUSCH scheme is provided in Figure 1, a PUSCH with 3 layers is scheduled to be transmitted by both panel#0 and panel#1, where the first and the second PUSCH layers are transmitted by PUSCH antenna port 1000, 1001, 1002, 1003 of panel#0 to TRP#0 according to the first TCI state, and the third PUSCH layer is transmitted by PUSCH antenna port 1000, 1001, 1002, 1003 of panel#1 to TRP#1 according to the second TCI state. To better support the codebook based PUSCH transmission, two panels should have the same number of antenna ports and the same coherent capability. This requirement also applies to multi-DCI based multi-panel/TRP PUSCH transmission.
[bookmark: _Toc101530805][bookmark: _Toc101536959][bookmark: _Toc101538843][bookmark: _Toc101688981][bookmark: _Toc101712285][bookmark: _Toc101716065][bookmark: _Toc111038640][bookmark: _Toc111106847][bookmark: _Toc111192482][bookmark: _Toc115266905][bookmark: _Toc115332785]The same number of antenna ports and the coherent capability for each panel is assumed for both single-DCI and multi-DCI simultaneous multi-panel UL transmission.

Usually, the channel condition of different panel-TRP links are independent. Each panel has  ports (. Therefore, independent precoding procedure is preferred for each panel according to 
[bookmark: _Hlk100835685]  , 
where 
· the block of vector is the modulated data that will be transmitted by the first panel, and the block of vector is the modulated data that will be transmitted by the second panel. The number of layers sent from the two panels is  and  respectively. They may have same or different lengths. 
· W0 and W1 are the precoding matrices applied to the first and the second block of vector for codebook based PUSCH transmission, respectively. 
· the block of vector   is the coded data to be transmitted by the antenna ports of the first panel by applying a first UL TCI state, and the block of vector   is the coded data to be transmitted by the antenna ports of the second panel by applying a second UL TCI state.
The precoding information for codebook based PUSCH is indicated by the TPMI field indicating a precoding matrix, while the precoding information for non-codebook based PUSCH is indicated by the SRI indicator field indicating one or more SRS resources. To support independent precoding, separate TPMI and SRI indication are required. For example, two TPMI/SRI fields can be contained in the scheduling DCI and each TPMI/SRI field corresponds to a panel.
[bookmark: _Toc101536961][bookmark: _Toc101538845][bookmark: _Toc101688983][bookmark: _Toc101712287][bookmark: _Toc101716067][bookmark: _Toc111038641][bookmark: _Toc111106848][bookmark: _Toc111192483][bookmark: _Toc115266906][bookmark: _Toc115332786]Per-panel independent precoding information indication is used for the simultaneous multi-panel PUSCH transmission.


[bookmark: _Ref110957596]Figure 2 Illustration of multi-panel PUSCH mode 2
Another STxMP mode 2 is illustrated in Figure 2. Different from mode 1, antennas equipped by different panels corresponds to different SRS antenna ports of the same SRS resource. For the example provided in Figure 2, one SRS resource can be configured with 4 SRS ports, where the four PUSCH/SRS antenna ports are formed by two panels each of which has two antenna ports. Similar to mode 1, different PUSCH layers can be transmitted by antenna ports from different panels and more than rank 1 PUSCH can be scheduled by indicating  a 4-port partial-coherent precoder with one TPMI where precoding vectors corresponding to different coherent antenna groups apply to different panels with simultaneous multi-panel transmission. Different from mode 1, up to rank 4 PUSCH can be scheduled with two 2-port panels and up to rank 8 PUSCH can be scheduled with two 4-ports panels with simultaneous multi-panel UL transmission.
[bookmark: _Toc111038642][bookmark: _Toc111106849][bookmark: _Toc111192484][bookmark: _Toc115266907][bookmark: _Toc115332787]RAN1 should study which of STxMP mode 1 or STxMP mode 2 or both of them are supported in Rel-18 STxMP.
As stated in WID, Rel-18 MIMO enhancement should be discussed based on unified TCI framework. One issue is how to support PUSCH transmission scheduled by DCI format 0_0 for the UE supporting simultaneous multi-panel UL transmission. For the PUSCH scheduled by DCI format 0_0 in the scenario illustrated in Figure 1, when only one UL TCI state is indicated, the PUSCH scheduled by DCI format 0_0 is transmitted by single port by applying the UL TCI state, the panel used for the PUSCH transmission is based on the applied UL TCI state. For example, if the indicated UL TCI state is associated with panel#1, the UE shall transmit the PUSCH scheduled by DCI format 0_0 based single antenna port of panel#1. 
When two UL TCI states are indicated, the PUSCH scheduled by DCI format 0_0 is transmitted based on single antenna port with the first UL TCI state as default.
[bookmark: _Toc101536962][bookmark: _Toc101538847][bookmark: _Toc101688985][bookmark: _Toc101712291][bookmark: _Toc101716071][bookmark: _Toc111038646][bookmark: _Toc111106853][bookmark: _Toc111192488][bookmark: _Toc115266908][bookmark: _Toc115332788]PUSCH scheduled by DCI format 0_0 is transmitted based on single antenna port from a single panel with the first indicated UL TCI state when two UL TCI states are indicated.

Codewords to layer mapping for SDM based STxMP PUSCH
Another issue is the codeword-to-layer mapping rule for this scenario. In Rel-15/16/17, only one codeword is supported, since each PUSCH transmission occasion is transmitted by a panel to a TRP. However, at least for SDM based multi-panel PUSCH transmission as illustrated in Figure 1, different PUSCH layers are transmitted by different panels to different TRPs. Given that the WID restricts the total number of PUSCH layers transmitted from both panelsis no more than 4, two alternatives exist for the codeword-to-layer mapping, as follows:
Alt-1. A single codeword is mapped to both panels.
This alternative is aligned with Rel. 15 PUSCH transmission chain with up to 4 layers mapped to the same codeword. One issue that needs further discussion under this alternative is whether/how restrictions are imposed on the number of layer pairs transmitted from both panels.
Alt-2. Two codewords are mapped separately to two panels. 
One other alternative is map the PUSCH layers from each panel to a same codeword, where each codeword has independent MCS conformed to the respective panel-to-gNB channel condition for better performance. Similarly, whether/how restrictions are imposed on the allowed rank pair values across both codewords should be discussed.
[bookmark: _Toc101538846][bookmark: _Toc101712288][bookmark: _Toc101716068][bookmark: _Toc111038643][bookmark: _Toc111106850][bookmark: _Toc111192485][bookmark: _Toc115266909][bookmark: _Toc115332789]For SDM based multi-panel PUSCH transmission, down select between the following alternatives:
· [bookmark: _Toc101712289][bookmark: _Toc101716069][bookmark: _Toc111038644][bookmark: _Toc111106851][bookmark: _Toc111192486][bookmark: _Toc115266910][bookmark: _Toc115332790]Alt-1. All PUSCH layers transmitted from both panels are mapped to the same codeword. FFS: whether/how restrictions are imposed on the number of layer pairs corresponding to transmission from both panels.
· [bookmark: _Toc101712290][bookmark: _Toc101716070][bookmark: _Toc111038645][bookmark: _Toc111106852][bookmark: _Toc111192487][bookmark: _Toc115266911][bookmark: _Toc115332791]Alt-2. PUSCH layers corresponding to each panel are mapped to a distinct codeword. FFS: whether/how restrictions are imposed on the rank pair values corresponding to the two codewords.
Figure 3 illustrates the performance comparation between two alternatives. In the simulation, each panel transmits two layers. For single CW scheme, all the 4 layers transmitted by both panels are from a same CW with one MCS scheme, while independent TPMI are indicated for each panel. For dual-CW scheme, the two layers from each panel are from independent CWs with independent MCS and TPMI. The detail simulation assumptions are provided in appendix. It can be observed that single-CW scheme is marginally better than dual-CW scheme in lower SINR region because single CW can provide larger channel coding gain with lower coding rate. However, dual-CW scheme outperforms single CW scheme in media and higher SINR region since the scheduled MCS corresponding to the CW for each panel are well matched with the independent channel conditions between each panel and the TRP link.
[image: ]
[bookmark: _Ref115263260]Figure 3 Throughput of STxMP PUSCH transmission with different CW-to-Layer mapping scheme
DMRS for SDM STxMP PUSCH
For DMRS port(s) indication for SDM STxMP PUSCH, from a technical point of view, the indicated DMRS port(s) for different panels can be in a same or different CDM group. It’s different from DMRS indication for NCJT PDSCH transmission. For PDSCH receiving, DMRS ports of the PDSCH from different TRPs should be orthogonal with a same TCI state. However, for SDM STxMP PUSCH, this restriction is not needed since different beams are orthogonal in space and each TRP can independently perform channel estimation with the corresponding DMRS port(s).
In addition, the legacy antenna port(s) field can be reused, where the 1st K1 DMRS ports corresponds to the 1st panel and the other K2 indicated DMRS ports corresponds to the 2nd panel, where K1 and K2 are determined by the separate TPMI indication or separate SRI indication for both panels for codebook and non-codebook based PUSCH transmission, respectively.
[bookmark: _Toc115266912][bookmark: _Toc115332792]Reuse Rel-17 DMRS indication for SDM STxMP PUSCH transmission.
PTRS for SDM STxMP PUSCH
PTRS is used for phase noise estimation in FR2 and independent phase noise estimation for different panel is expect at least for the case that the two panels used for PUSCH transmission are non-coherent (between panels). In this situation, when SDM based multi-panel PUSCH transmission is scheduled, two set of PTRS ports should be configured. For example, for the case that each panel has fully-coherent antenna ports while the two panels are mutually non-coherent, two PTRS ports can be configured, where each PTRS port is shared by the antenna ports within a panel.
[bookmark: _Toc101538848][bookmark: _Toc101688986][bookmark: _Toc101712292][bookmark: _Toc101716072][bookmark: _Toc111038647][bookmark: _Toc111106854][bookmark: _Toc111192489][bookmark: _Toc115266913][bookmark: _Toc115332793]Study the enhancements on PTRS to support SDM based multi-panel PUSCH transmission.
STxMP PUCCH
In RAN1#109, some companies proposed to supported single-DCI based MTRP STxMP PUCCH transmission. From technical point of view, SDM, FDM and SFN based PUCCH transmission can be studied in Rel-18. SDM based MTRP PUCCH can increase the throughput of PUCCH, however, additional DMRS ports are required for different PUCCH layers from different panels, which leads heavy standardization effort. SFN PUCCH transmission can be straightforwardly supported by sending a same PUCCH resources with different UL TCI state to increase the transmission reliability. FDM PUCCH can be simply supported by transmit a same PUCCH resource by different panels, where the first half of assigned PRBs of the PUCCH resource are transmitted by a panel with the first indicated UL TCI state and the last half of the assigned PRB of the PUCCH resources are transmitted by another panel with the second indicated UL TCI state. 
[bookmark: _Toc111038648][bookmark: _Toc111106855][bookmark: _Toc111192490][bookmark: _Toc115266914][bookmark: _Toc115332794]Prioritize FDM and SFN based STxMP PUCCH if single-DCI based STxMP PUCCH is supported.

Multi-DCI based multi-panel UL transmission 
For multi-DCI based multi-panel PUSCH scheduling with simultaneous multi-panel UL transmission, two PUSCH transmitted by different panels can be scheduled in a slot with overlapped resources. Different coresetPoolIndex values are configured for the CORESET in different TRPs. Each TRP is associated with a panel in FR2. In Figure 2, TRP#0 is associated with panel#0 and TRP#1 is associated with panel#1. Therefore, each corestPoolIndex value is associated with a UE panel implicitly or explictly. Because multi-DCI scheme targets non-ideal backhaul, there is no need to support transmission with different TRPs in the DL and the UL. When a UE supports simultaneous multi-panel UL transmission and different coresetPoolIndex values are configured for the CORESETs in the BWP of the cell, then the UE can receive two PDCCH from CORESETs configured with different coresetPoolIndex value scheduling two fully/partial/non-overlapped PUSCH transmissions or PUCCH transmissions in a slot as in Figure 2. 



[bookmark: _Ref101538482]Figure 4 Illustration of multi-DCI based multi-panel/TRP UL transmission
When the UE is scheduled with full/partially/non-overlapped PUSCHs in time and frequency domain, the full scheduling information for transmitting a PUSCH is indicated and carried only by the corresponding PDCCH, and the UE is expected to be scheduled with the same active BWP and the same SCS. From the UE capability point of view, when the UE is scheduled with full/partially-overlapped PDSCHs in time and frequency domain, the UE can be scheduled with at most two codewords simultaneously. Depending on the channel condition, the two PUSCH sent from the two panels can have same or different ranks and are signaled with independent TPMIs/SRIs, although some common constraints can be applied to both of them, such as the maximal total rank.
[bookmark: _Toc101538849][bookmark: _Toc101688987][bookmark: _Toc101712293][bookmark: _Toc101716073][bookmark: _Toc111038649][bookmark: _Toc111106856][bookmark: _Toc111192491][bookmark: _Toc115266915][bookmark: _Toc115332795]When a UE reports a capability to support simultaneous multi-panel UL transmission and different coresetPoolIndex values are configured for the CORESETs in the BWP of the cell, the UE can receive two PDCCH from CORESETs configured with different coresetPoolIndex value scheduling two fully/partial/non-overlapped PUSCH transmissions or PUCCH transmissions in a slot.
[bookmark: _Toc101538850][bookmark: _Toc101688988][bookmark: _Toc101712294][bookmark: _Toc101716074][bookmark: _Toc111038650][bookmark: _Toc111106857][bookmark: _Toc111192492][bookmark: _Toc115266916][bookmark: _Toc115332796]The same active BWP and the same SCS are expected for multiple PUSCH and PUCCH transmission from multiple panels.
[bookmark: _Toc101688989][bookmark: _Toc101712295][bookmark: _Toc101716075][bookmark: _Toc111038651][bookmark: _Toc111106858][bookmark: _Toc111192493][bookmark: _Toc115266917][bookmark: _Toc115332797]The two PUSCHs sent from the two panels can have same or different ranks, and are signaled with independent TPMIs/SRIs. 
UCI multiplexing in STxMP PUSCH/PUCCH transmission
In Rel-17, only one PUSCH or one PUCCH can be transmitted in a time instance, as a result, only two non-overlapped PUCCH resources can be transmitted in a slot for UCI transmission. For example, when separate ACK feedback is configured for multi-DCI MTRP, the PUCCH resources carry the HARQ-ACK codebook for different TRPs shouled be transmitted with TDM manner. With STxMP, two onverlapped PUCCH resources or two overlapped PUSCHs can be transmitted in a time instance. New UCI multiplexing rule is required for high efficient UCI multiplexing considering STxMP PUCCH/PUSCH.
[bookmark: _Toc111038652][bookmark: _Toc111106859][bookmark: _Toc111192494][bookmark: _Toc115266918][bookmark: _Toc115332798]Study the UCI multiplexing rule in STxMP PUSCH and/or PUCCH transmission.

Conclusion
Proposal 1	Support both multi-DCI and single-DCI based STxMP PUSCH.
Proposal 2	Support both codebook and non-codebook based STxMP PUSCH.
Proposal 3	Two SRS resource sets can be configured in a BWP of a cell for a UE to support STxMP and the SRS resource set indicator field can be used for the switching between single-panel and multi-panel based PUSCH transmission with new interpreation.
Proposal 4	Support SDM, FDM and SFN based STxMP PUSCH.
Proposal 5	For FDM STxMP PUSCH, the following PRB allocation schemes shall be supported, how to determine an allocation scheme for the PUSCH transmission for a panel is FFS.
· Allocation scheme 1: The first contiguous nPRB2 PRBs are allocated to a first panel and the remaining nPRB2 PRBs are allocated to a second panel.
· 	Allocation scheme 2: Even PRGs within the allocated frequency domain resources are allocated to a first panel, and odd PRGs within the allocated frequency domain resources are allocated to a second panel, wherein the PRGs are numbered continuously in increasing order with the first PRG index equal to 0.
Proposal 6	Intra-slot frequency hopping can be concurrently configured for FDM STxMP PUSCH with wideband PRB allocation scheme.
· 	Two frequency hopping offsets can be indicated for the two panels, respectively.
Proposal 7	The same number of antenna ports and the coherent capability for each panel is assumed for both single-DCI and multi-DCI simultaneous multi-panel UL transmission.
Proposal 8	Per-panel independent precoding information indication is used for the simultaneous multi-panel PUSCH transmission.
Proposal 9	RAN1 should study which of STxMP mode 1 or STxMP mode 2 or both of them are supported in Rel-18 STxMP.
Proposal 10	PUSCH scheduled by DCI format 0_0 is transmitted based on single antenna port from a single panel with the first indicated UL TCI state when two UL TCI states are indicated.
Proposal 11	For SDM based multi-panel PUSCH transmission, down select between the following alternatives:
· 	Alt-1. All PUSCH layers transmitted from both panels are mapped to the same codeword. FFS: whether/how restrictions are imposed on the number of layer pairs corresponding to transmission from both panels
· 	Alt-2. PUSCH layers corresponding to each panel are mapped to a distinct codeword. FFS: whether/how restrictions are imposed on the rank pair values corresponding to the two codewords.
Proposal 12	Reuse Rel-17 DMRS indication for SDM STxMP PUSCH transmission.
Proposal 13	Study the enhancements on PTRS to support SDM based multi-panel PUSCH transmission.
Proposal 14	Prioritize FDM and SFN based STxMP PUCCH if single-DCI based STxMP PUCCH is supported.
Proposal 15	When a UE reports a capability to support simultaneous multi-panel UL transmission and different coresetPoolIndex values are configured for the CORESETs in the BWP of the cell, the UE can receive two PDCCH from CORESETs configured with different coresetPoolIndex value scheduling two fully/partial/non-overlapped PUSCH transmissions or PUCCH transmissions in a slot.
Proposal 16	The same active BWP and the same SCS are expected for multiple PUSCH and PUCCH transmission from multiple panels.
Proposal 17	The two PUSCHs sent from the two panels can have same or different ranks, and are signaled with independent TPMIs/SRIs.
Proposal 18	Study the UCI multiplexing rule in STxMP PUSCH and/or PUCCH transmission.
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Appendix


Tab1. Link-level simulation parameters 
	Parameter 
	Value 

	Duplex, Waveform 
	CP-OFDM 

	Carrier Frequency 
	4 GHz 

	Subcarrier spacing  
	30kHz 

	Channel Model 
	CDL-C in TR 38.901 with 30ns delay spread 


	Delay spread 
	30ns 

	UE velocity 
	3km/h 

	Allocation bandwidth 
	20MHz 

	BS antenna configuration 
	4RX: (M, N, P, Mg, Ng, Mp, Np) = (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ 

	UE antenna configuration 
	4TX: (M, N, P, Mg, Ng, Mp, Np) = (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ 

	MIMO Rank 
	Rank1/ rank2 per panel (rank fixed) 

	Feedback delay for precoding 
	5ms 

	DMRS type 
	R15 Type 1 DMRS 

	DMRS configurations 
	Single symbol DMRS without additional DMRS symbols 


	DMRS mapping type 
	Mapping type A for PUSCH. 

	Link adaptation 
	PMI and MCS are adaptive

	Number of CWs
	1 CW/ 2CWs

	HARQ 
	Off 

	Channel estimation 
	Ideal channel estimation 

	Receiver type 
	MMSE

	EVM 
	No radio impairments  
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