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Introduction
[bookmark: _GoBack]In RAN#80 meeting, specifications of NR Rel-15 were declared as complete and frozen. It has been agreed that RAN1 shall continue to focus on maintenance for the details of NR Rel-15.  There are some issues on MIMO transmission schemes, including codebook and non-codebook based UL. We provide our views on these open issues in this contribution.

UL antenna port indexing
In RAN1#94, the UL antenna port indexing issue was discussed. In current specification, UL antenna ports are indexed as follows.
· Antenna ports starting with 0 for PUSCH and associated demodulation reference signals
· Antenna ports starting with 1000 for SRS
· Antenna ports starting with 2000 for PUCCH
· Antenna port 4000 for PRACH
As shown above, current specification let the PUSCH and DMRS have the same ports, whereas SRS comes from different ports. To let PUSCH and DMRS have the same ports may due to the fact that data channel and the associated DMRS have the same ports for DL. However, UL operation is not as transparent as DL.
The port-layer mapping, i.e., precoding, is performed as follows.


where  are the v-layer data streams, and  are the PUSCH antenna ports. For non-codebook based UL, the precoding matrix W is an identity matrix. For codebook based UL, W comes from a defined codebook.
For UL DMRS, the port mapping is described in 38.211 as follows.
[image: ]
where  are the PUSCH antenna ports as given above, and   are the DMRS ports corresponding to the v layers above.
Based on the above description on the PUSCH and DMRS port mapping, we can have the following observation and analysis.
For codebook based UL, UE sends SRS. gNB measures the channel on SRS and finds the proper W applying on the potential data layers. Based on the above equation, it can be observed that W actually maps the data layers to PUSCH ports. Hence, to facilitate codebook based operation, how to map the SRS ports to PUSCH ports needs to be defined as the UL channel is measured from SRS. Otherwise it’s not clear how to use the channel measured from SRS to indicate the TPMI which maps DMRS to PUSCH. Therefore we propose to have the following TP to clarify this issue.
TP 1: For TS 38.214
	6.1.1.1	Codebook based UL transmission
For codebook based transmission, PUSCH can be scheduled by DCI format 0_0, DCI format 0_1 or semi-statically configured to operate according to Subclause 6.1.2.3. If this PUSCH is scheduled by DCI format 0_1, the UE determines its PUSCH transmission precoder based on SRI, TPMI and the transmission rank from the DCI, given by DCI fields of SRS resource indicator and Precoding information and number of layers in subclause 7.3.1.1.2 of [TS 38.212]. The TPMI is used to indicate the precoder to  be applied overmap the DMRS antenna ports {0…ν-1} and that corresponds to to the PUSCH ports as defined in [4, TS 38.211]. the The PUSCH ports are one-to-one mapped to the SRS ports in the SRS resource selected by the SRI when multiple SRS resources are configured, or if a single SRS resource is configured, TPMI is used to indicate the precoder to be applied over the antenna ports {0…ν-1} and that correspondsthe PUSCH ports are one-to-one mapped to the SRS ports to in the SRS resource, based on the order of the ports. The transmission precoder is selected from the uplink codebook that has a number of antenna ports equal to higher layer parameter nrofSRS-Ports in SRS-Config, as defined in Subclause 6.3.1.5 of [4, TS 38.211]. When the UE is configured with the higher layer parameter txConfig set to 'codebook', the UE is configured with at least one SRS resource. The indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI before slot n.


With the clarification of the above text proposal, either one of the following alternatives can be used.
· Alt 1: Antenna ports starting with 0 for PUSCH DMRS; Antenna ports starting with 1000 for SRS and PUSCH.
· Alt 2: Antenna ports starting with 0 for PUSCH DMRS; Antenna ports starting with 1000 for PUSCH; Antenna ports starting with 3000 for SRS.
For non-codebook based UL, SRS is precoded transparently. W is an identity matrix, and 38.214 has already defined the mapping between the DMRS ports and selected SRIs. PUSCH is transmitted from the antenna ports in the selected SRIs. Hence either one of the above two Alts is okay as the mapping between PUSCH/DMRS/SRIs has been defined clearly.
For the DMRS ports, the precoding equations given above indicate clearly on how to map the DMRS ports to PUSCH/SRS ports. It will be hard to understand the port mapping equations if DMRS and PUSCH have the same ports. Hence DMRS should have different port indexing from PUSCH/SRS. As the port mapping between DMRS and PUSCH has already been defined clearly, it will not cause any issue for PUSCH demodulation.
Based on the above analysis, we have the following proposal.
Proposal 1: For UL antenna port indexing, adopt one from the following
· Alt 1: Antenna ports starting with 0 for PUSCH DMRS; Antenna ports starting with 1000 for SRS and PUSCH.
· Alt 2: Antenna ports starting with 0 for PUSCH DMRS; Antenna ports starting with 1000 for PUSCH; Antenna ports starting with 3000 for SRS.

Codebook based UL
NR has introduced multiple SRS resources for codebook based UL transmission. UE transmits up to two SRS resources in the resource set. gNB selects one of the two resources and indicates the selection via SRI to UE. The use cases of supporting SRI indication in codebook based UL includes the support of multi-beam operation and multi-panel operation.
To support multi-beam operation, UE would use different transmit beams to transmit SRS. The beams used by UE is configured via spatialRelationInfo. In this use case, the following configurations are possible in current specification, but the corresponding UE behavior or use case is not clear.
· Only one of the resources is configured with spatialRelationInfo. Then it’s not clear to the UE how to determine the beam for the other resource. It would also confuses gNB how to determine the receive beam for the other resource. Moreover, the use case to support this configuration is not clear. This configuration should be avoided.
· A same spatialRelationInfo is configured for these two resources. This is equivalent to configure just one SRS resource. If both resources are configured with spatialRelationInfo, the UE shall be configured with different ones.
For the use case to support panel selection via SRI, SRS resources are transmitted in different UE antenna groups. One implementation approach is to configure the two different SRS resources with spatialRelationInfo indicating SRS for antenna switching. For example, for a two-panel UE with two antennas in each panel, gNB can configure the two SRS resources for codebook based UL. Each resource has two ports and is configured with a 2T4R SRS resource for antenna switch. Then a joint selection of panel and TPMI can be achieved for codebook based UL. In some cases, e.g., two SRS resource with 4 ports in each resources, gNB cannot configure a 4T8R SRS resource for antenna switch in spatialRelationInfo. Then gNB doesn’t need to configure spatialRelationInfo for any of the two resources. In this case, the UE behavior to transmit SRS resources shall be clarified. The SRS resources shall be associated with different UE antennas. As the selection of UE antennas is equivalent to use a proper spatial filter which is a selective vector, the two SRS resources shall have different spatial-domain filter. 
Based on the above analysis, we have the following proposal to clarify valid configurations for spatialRelationInfo in codebook based UL.
Proposal 2: For the SRS resources of codebook based UL, both or none of the resources are configured with spatialRelationInfo
· If both resources are configured with spatialRelationInfo, UE is not expected to be configured with a same spatialRelationInfo
· If none of the resources is configured with spatialRelationInfo, the SRS resources shall have different spatial-domain filters

Non-codebook based UL
Valid configuration for spatialRelationInfo
Similar to the analysis for codebook based UL, in current specification, there are some configurations which are possible configurations for spatialRelationInfo in non-codebook based UL without clear use case or UE behavior.
The use cases for non-codebook based UL include reciprocity based UL operation, beam selection and antenna selection through SRI. 
· For reciprocity based UL operation, a CSI-RS resource can be configured to all the SRS resources or the SRS resource set through either spatialRelationInfo or associatedCSI-RS. 
· For beam selection, an SRS for beam management can be configured in spatialRelationInfo to let UE determine the transmit beam of each SRS resource for NCB based UL.
· For antenna selection, an SRS resource for antenna switch can be configured in spatialRelationInfo to let UE determine the transmit antenna of each SRS resource for NCB based UL.
Besides the above configurations, the current specification also allows configuring neither spatialRelationInfo for the SRS resources for NCB based UL nor associatedCSI-RS for the resource set. For this type of configuration, UE would not know how to determine the UL Tx spatial filter. It will also cause confusion for gNB on how to determine the correct receiver, e.g., the correct receive beam. The use case to support this type of configuration is also not clear. Hence we have the following proposal.
Proposal 3: For non-codebook based UL, either spatialRelationInfo for all the SRS resources or associatedCSI-RS for the SRS resource set shall be configured.

Clarification on Lmax
In current 38.212, the bit width and interpretation of SRI bits for non-codebook based UL depend on the parameter Lmax, which is the maximum number of PUSCH layers. The value of Lmax can be 1, 2, 3 or 4. However, it’s not clear in the current specification that how to determine Lmax for non-codebook based UL. It needs to be clarified that whether it depends on gNB RRC parameter or UE capability. In fact, 331 has provided a parameter maxRank for codebook based UL as follows.
maxRank INTEGER (1..4) OPTIONAL, -- Cond codebookBased 
Same principle should be used for non-codebook based UL. We can reuse this parameter for non-codebook based UL. Hence we have the following proposal and TP.
Proposal 4: Send an LS to RAN2 to clarify that higher layer parameter maxRank is also useful for non-codebook based UL.
TP 2: For TS 38.212
	7.3.1.1.2 	Format 0_1
<Unchanged parts omitted>





-	SRS resource indicator – or  bits, where  is the number of configured SRS resources in the SRS resource set associated with the higher layer parameter usage of value 'codeBook' or 'nonCodeBook', and  is the maximum number of supported layers for the PUSCH configured by higher layer parameter ULmaxRank.


-	bits according to Tables 7.3.1.1.2-28/29/30/31 if the higher layer parameter txConfig = nonCodebook, where  is the number of configured SRS resources in the SRS resource set associated with the higher layer parameter usage of value 'nonCodeBook';


-	 bits according to Tables 7.3.1.1.2-32 if the higher layer parameter txConfig = codebook, where  is the number of configured SRS resources in the SRS resource set associated with the higher layer parameter usage of value 'codeBook'.




Conclusion
In this contribution, we analyze some remaining issues on codebook based and non-codebook based UL. Based on the above discussion, we have the following proposals. We also provide TPs for codebook and non-codebook based UL operations.
Proposal 1: For UL antenna port indexing, adopt one from the following
· Alt 1: Antenna ports starting with 0 for PUSCH DMRS; Antenna ports starting with 1000 for SRS and PUSCH.
· Alt 2: Antenna ports starting with 0 for PUSCH DMRS; Antenna ports starting with 1000 for PUSCH; Antenna ports starting with 3000 for SRS.
Proposal 2: For the SRS resources of codebook based UL, both or none of the resources are configured with spatialRelationInfo
· If both resources are configured with spatialRelationInfo, UE is not expected to be configured with a same spatialRelationInfo
· If none of the resources is configured with spatialRelationInfo, the SRS resources shall have different spatial-domain filters
Proposal 3: For non-codebook based UL, either spatialRelationInfo for all the SRS resources or associatedCSI-RS for the SRS resource set shall be configured.
Proposal 4: Send an LS to RAN2 to clarify that higher layer parameter maxRank is also useful for non-codebook based UL.
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