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This contribution is an update of R1-1900388. 

Codebook and non-codebook based UL transmission with single panel was supported in NR Rel-15. Support of multi-panel/multi-TRP UL MIMO transmission will be included in NR Rel-16 as the following approved WI for MIMO enhancement[1]:
	The work item aims to specify the enhancements identified for NR MIMO. The detailed objectives are as follows. 
· Extend specification support in the following areas [RAN1]
· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:
· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission
· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Enhancements on multi-beam operation, primarily targeting FR2 operation:
· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15



In LTE, multi-TRP UL transmission is supported as UL CoMP. However, LTE is only designed for low frequency band where PUSCH is transmitted omidirectionally to all TPs in the CoMP set. NR is designed to support to 52.6GHz well into millimeter wave range (FR2), and UL beam is needed for directional transmission.
The UL CoMP transmission illustrated in Figure 1 cannot be supported well in Rel-15 with single UL beam indication and single codeword (CW) based PUSCH transmission.
The following decision was achieved at RAN1#94bis[1] for UL :
For next meeting:
Companies are encouraged to evaluate and study further mechanism(s) to support multiple UL Tx panel/beam indication for PUSCH
· FFS on how to support the indication, e.g., by multiple SRI fields, an extension of the existing SRI field, an indication of selected panel(s), single SRS resource transmitted associated with multiple panels etc.
· FFS on relation to TPMI/TRI fields, PC/TA mechanisms
· Companies to consider specification implications of multiple UL Tx panel/beam support
The following agreement was achieved at RAN1#95[1] for UL:
Agreement 
In Rel-16, an identifier (ID) that can be used at least for indicating panel-specific UL transmission is supported, where detailed usages for the panel-specific UL transmission are FFS
· The ID should be defined considering the possibility to reuse/modification of Rel-15 specification support or introducing new ID
· Note: RAN1 to avoid unnecessary specification support requiring UE to explicitly disclose its UL antenna panel implementation
· FFS: Whether UE capability signalling is introduced for panel-specific UL transmission
The following agreement was achieved at RAN1#AH1901[1] for panel-specific UL transmission:
Agreement
An identifier (ID), agreed in RAN1#95, that can be used at least for indicating panel-specific UL transmission is to be down-selected or merged from the following alternatives in next RAN1 meeting:
· Alt.1: an SRS resource set ID, where FFS on further association to other RS (if needed)
· Alt.2: an ID, which is directly associated to a reference RS resource and/or resource set 
· Alt.3: an ID, which can be assigned for a target RS resource or resource set
· Alt.4: an ID which is additionally configured in spatial relation info

In this contribution, we provide our views of the enhancement on UL transmission with multi-panel.
Discussion
A UE transmits UL signal with multiple panels to multiple TRPs is one important use case for UL enhancement for reliability and robustness. Two operation mode, i.e. multiple-PDCCH based UL transmission and single-PDCCH based UL transmission, can be considered for different backhaul delay level. For a UE communicates with two TRPs with ideal backhaul, UL transmission to both TRP can be scheduled with a single PDCCH, and the PDCCH can be sent from either TRP depending on the CORESET configuration. A single PDCCH can schedule two PUSCH or one PUSCH transmitted by the UE to the TRPs.  For the case that the PDCCH schedule two PUSCH transmitted to two TRPs, two DCIs (or equivalently one large DCI) are required in the PDCCH.  This incurs large overhead in the PDCCH. To reduce the control overhead, it is better for the single PUCCH to schedule transmissions from the UE as a single PUSCH with separate CW sent to both TRP, as illustrated in Figure 1.
For a UE communicates with two TRPs with non-ideal backhaul, each TRP can schedule their own PUSCH transmission with separate PDCCHs. The PUCCHs carrying the respective CSI, SR and ACK/NACK are sent from the UE to the respective TRPs. This is the scenario illustrated in Figure 2.
Proposal 1: Both single-PDCCH and multiple-PDCCH based PUSCH transmission with multi-panel/TRP should be supported.


Figure 1 Single-PDCCH based UL transmission with a two TRPs in FR2



Figure 2 Multiple-PDCCH based UL transmission with a two TRPs in FR2

SRS configuration and SRI indication
Take the scenario illustrated in Figure 1 as an example. The UE equipped with two panels (panel#1 & panel#2) communicates with TRP#1 and TRP#2 simultaneously in FR2. At least two independent spatial relations should be indicated for the UE to determine the transmit spatial relation for the PUSCH transmission. The PUSCH shall be transmitted with the same spatial relation configured for the SRS resources indicated by the SRI field in the uplink grant with the higher layer parameter spatialRelationInfo. 
In Rel-15, a single SRS resource set with maximum two SRS resources can be configured for one UE with higher layer parameter usage set to ‘codebook’ or one SRS resource set with maximum 4 SRS resources with higher layer parameter usage set to ‘noncodebook’.  A single SRI is used to indicate the transmit spatial relation for codebook based PUSCH transmission. A set of SRIs are signaled in the UL grant to indicate the transmit spatial relation and precoder for non-codebook based PUSCH transmission. 
One straightforward way is to support multiple SRS resource sets configuration for UE with multiple antenna panels for codebook and non-codebook based UL transmission. Different SRS resource set corresponds to different panels. And the SRS resources from different sets can be transmitted simultaneously. Two separated SRI fields are contained in the UL grant to schedule a PUSCH transmission with multiple beams. Each SRI field can reuse the SRS resource indicator definition in Rel-15.
Proposal 2: More than one SRS resource sets can be configured for UE with multiple panels for codebook based UL transmission, and two separated SRI field should be included in the UL grant.
Considering that different SRS resource sets can be used for different purpose. For example, the gNB may configure two SRS resource sets with different time behaviors, e.g. one for periodic and the other for aperiodic, for more flexible channel sounding.  SRS resources within one set transmitted by the same panel can be defined as a SRS resource group, i.e. different SRS resource group corresponds to different panels. One SRI field point to multiple SRI values like the SRI indication for non-codebook can be reused for codebook case. Two NZP CSI-RS resources are required to be associated with one SRS resource set used for non-codebook. And how to indicate the precoder for non-codebook based PUSCH transmission with multi-panel based on single SRS resource set should be carefully designed with lower overhead.
Proposal 3: The SRI indication for non-codebook based PUSCH in Rel-15 can be extend for the PUSCH transmission with multi-panel.
Codeword to layer mapping
Single CW based PUSCH is supported in Rel-15 for single panel and single TRP transmission. However, the transmission characteristic between the radio links from the UE to TRP1 and TRP2 may be quite different. Single CW with single MCS and TBS cannot match both links at the same time, so two codeword based layer mapping should be introduced to support PUSCH transmission with multi-panel.
Considering the fact that each CW is independently transmitted from each panel to each TRP, unbalanced codeword-layer mapping schemes different from the uniform mapping schemes used for Rel-15 NR DL and LTE DL/UL transmission should be introduced to fit more potential TPMI combinations. For example, if rank 2 is chosen for CW0 and rank 1 is chosen to CW1 based on the SRS measurement, CW0 will be mapped to two layers while the CW1 will be mapped to 1 layers. 
For advanced UE equipped with multiple panels and each panel has 4 antenna ports, up to 8 layers PUSCH transmission can be achieved based on the Rel-15 four antenna ports codebook as described in section 2.3. Based on the above analysis, we propose the following codeword layer mapping schemes in Table 1 and the following proposal:
Proposal 4: Two codeword based codeword-to-layer mapping schemes showed in Table 1  for codebook based UL transmission should be introduced to support UL multi-panel transmission.

[bookmark: _Ref528661226]Table 1 Codeword-to-layer mapping for codebook based UL transmission with CP-OFDM for multi-TRP transmission
	Number of layers
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Precoding matrix indication for codebook based UL transmission
Single panel based codebook including fully-coherent, partial-coherent and non-coherent codebook is introduced in Rel-15. It cannot be directly used for the multi-panel scenario, because each panel generally has a separated RF chain and those chains may be un-calibrated. The DL type-I multi-panel codebook like UL codebook is also not suitable for the scenario in Figure 1 because of the potential random phase noise between panels. One simple way is to independently indicate the TPMI for each panel, and up to 8 layer PUSCH transmission can be realized as well based on the current 4 antenna port codebook.
Codebook for the configuration of 2 panels with 1 port/panel
For the case that one antenna port corresponding to one panel, only single antenna port transmission, i.e. W=1, is implicit for each panel. The equivalent precoding matrix for two layers is as follows:


TPMI is not needed for this case.
Codebook for the configuration of 2 panels with 2 port/panel
For the case that two antenna ports are equipped for each panel and can be transmitted simultaneously, 2 TPMIs, e.g. TPMI1 and TPMI2, are need to indicate the precoding matrix for each panel to each TRP. The precoding matrix corresponding to each TPMI/panel is selected from the Rel-15 NR UL codebook for two antenna port defined in Table 6.3.1.5-1 and Table 6.3.1.5-4 in TS38.211. The equivalent precoding matrix for the four antenna ports is as follows:






Where  and  are the two antenna precoders indicated by TPMI1 and TPMI2. 01 is an all-zero matrix with the same dimension as , 02 is an all-zero matrix with the same dimension as 
Codebook for the configuration of 2 panels with 4 port/panel
For the case that each panel has for antenna ports, up to 8 layer transmission can be achieved in Rel-16 with multi-panel.  2 TPMI, e.g. TPMI1 and TPMI2, are also need to indicate the precoding matrix for each panel to each TRP. The precoding matrix corresponding to each TPMI/panel is selected from the Rel-15 NR UL codebook for four antenna port defined in Table 6.3.1.5-3, Table 6.3.1.5-5, Table 6.3.1.5.4-6 and Table 6.3.1.5-7 in TS38.211. The equivalent precoding matrix for the four antenna ports is as follows:






Where  and  are the four antenna precoder indicated by TPMI1 and TPMI2. 01 is an all-zero matrix with the same dimension as , 02 is an all-zero matrix with the same dimension as .
Proposal 5: Two separated TPMI should be contained in the UL grant to schedule a two coddeword based PUSCH transmission.

Conclusion
Proposal 1: Both single-PDCCH and multiple-PDCCH based PUSCH transmission with multi-panel/TRP should be supported.
Proposal 2: More than one SRS resource sets can be configured for UE with multiple panels for codebook based UL transmission, and two separated SRI field should be included in the UL grant.
Proposal 3: The SRI indication for non-codebook based PUSCH in Rel-15 can be extend for the PUSCH transmission with multi-panel.
Proposal 4: Two codeword based codeword-to-layer mapping schemes showed in Table 1  for codebook based UL transmission should be introduced to support UL multi-panel transmission.
Proposal 5: Two separated TPMI should be contained in the UL grant to schedule a two coddeword based PUSCH transmission.
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