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Introduction
This contribution addresses three main open issues for codebook based UL MIMO operation, as well as a number of smaller issues:
· The default operation for the uplink and how to support single antenna port operation have not yet been discussed.  Whether such default operation is considered as codebook or non-codebook based transmission scheme has not been agreed, and the related issue of the transmission scheme and antenna configuration used for DCI format 0_0 has yet to be determined.
· What precoders are used for full, partial, and non-coherent operation is identified with inconsistent terminology and parameter values.
· Details of SRS configuration for codebook based operation were discussed as the NR specs were finalized in RAN1 email discussion [91-NR-02-214].  In this discussion, it was left open whether or not SRS is required for codebook based UL transmission.  The methods for determining the number of antenna ports for codebook based operation also need clarification and correction.
High level proposals as well as text proposals are provided to correct the identified problems.
Default UL MIMO Configuration and Single Antenna Port Operation
NR MIMO UE capability supports 1 up to 4 port transmission in Rel-15.  However, unlike LTE, there is no single antenna transmission scheme explicitly supported in NR; only codebook based and non-codebook based transmission schemes are defined.  Therefore, it is necessary to determine which transmission scheme can be assumed for single port operation.
Single antenna port operation is a special case of codebook based transmission, where the precoder is set to a scale value of W=1, as is discussed in 38.211 section 6.3.1.5:


For codebook-based transmission, the precoding matrix  is given by  for single-layer transmission on a single antenna port, otherwise by Tables 6.3.1.5-1 to 6.3.1.5-7 with the TPMI index obtained from the DCI scheduling the uplink transmission.
This is logical, since precoded SRS is a primary feature of non-codebook based operation, while codebook based targets non-precoded SRS operation. However, the current description of codebook based transmission in section 6.1.1.1 of 38.214 only addresses operation with TPMI and TRI, while these are not used if a single antenna port is configured.  Therefore, this should be clarified.
The current text in 38.214 section 6.1.1.1 is also misleading with respect to what the preferred TPMI corresponds to  in codebook based UL transmission.  The current text only indicates that the preferred precoder is for the SRS, although it is also the precoder to apply to DMRS, since the SRS and DMRS share the same port numbers.  
The current wording is ambiguous to when SRI is used.  The current text says that SRI, TRI, and TPMI are used, but also says that a single SRS resource may be configured, in which case SRI is not used.  
Finally, what transmission scheme applies before one is configured is not identified in 38.214.  Section 6.1.1 (given below) only addresses the cases where ulTxConfig (which is used to identify the transmission scheme) is configured.
Observations:
· Transmission on a single antenna port must be used until multi-antenna transmission can be configured
· There is no single antenna port transmission scheme defined for NR
· Codebook based UL MIMO includes single port transmission, although this is unclear in 38.214
· DMRS and SRS share the same port numbers, and so TPMI corresponds to both DMRS and SRS
· SRI is not always used, although the current 38.214 text is somewhat ambiguous on this aspect.

Proposal 1:
· Clarify codebook based MIMO support for single antenna port in 38.214
· TPMI and TRI are only used with more than one antenna port
· TPMI indicates the preferred precoder for both DMRS and SRS
· Precoders are determined on at least TRI and TPMI rather than always on SRI, TRI, and TPMI
· Codebook based UL MIMO with one DMRS port is used 
· as a default configuration
· for PUSCH triggered by DCI format 0_0 

[bookmark: _Toc501048206]For 38.214 section 6.1.1:
>>>>>>>>>>>> Start text proposal 1a >>>>>>>>>>>>
6.1.1	Transmission schemes
Two transmission schemes are supported for PUSCH: codebook based transmission and non-codebook based transmission. The UE is configured with codebook based transmission when the higher layer parameter ulTxConfig is set to 'Codebook', the UE is configured non-codebook based transmission when the higher layer parameter ulTxConfig is set to 'NonCodebook'.  A UE not configured with ulTxConfig uses codebook based transmission with one DMRS port.
>>>>>>>>>>>> End text proposal 1a >>>>>>>>>>>>

For 38.214 section 6.1.1.1:
>>>>>>>>>>>> Start text proposal 1b >>>>>>>>>>>>
[bookmark: _Toc501048207]6.1.1.1	Codebook based UL transmission
For codebook based transmission with more than one antenna port, the UE determines its PUSCH transmission precoder based on at least SRI, TRI and TPMI fields from the DCI, where tThe TPMI is used to indicate the preferred precoder over DMRS and the SRS ports in the selected SRS resource by the SRI when multiple SRS resources are configured, or if a single SRS resource is configured TPMI is used to indicate the preferred precoder over DMRS and the SRS ports. The transmission precoder is selected from the uplink codebook, as defined in Subclause 6.3.1.5 of [4, TS 38.211].
>>>>>>>>>>>> End text proposal 1b >>>>>>>>>>>>

[bookmark: _Toc500953345]For 38.212 section 7.3.1.1.1:
>>>>>>>>>>>> Start text proposal 1c >>>>>>>>>>>>
7.3.1.1.1	Format 0_0
DCI format 0_0 is used for the scheduling of PUSCH in one cell using codebook based transmission with one DMRS port. 
The following information is transmitted by means of the DCI format 0_0:
>>>>>>>>>>>> End text proposal 1c >>>>>>>>>>>>

Clarification of PMI subsets for full, partial, and non-coherent operation
The terminology identifying NR MIMO UE capability of full, partial, and non-coherent transmission is somewhat convoluted.  A UE that can maintain phase coherence across all of its ports is capable of fully coherent operation, while a UE that can maintain phase coherence across a subset of its ports is capable of partial coherence, and a UE that can’t maintain phase coherence between any of its ports is only capable of non-coherent operation. Because maintaining phase coherence across all ports is a superset of maintaining phase coherence across a subset of ports, a ‘fully coherent’ UE is also capable of partial coherent transmission as well as non-coherent transmission.  Similarly, a ‘partially coherent’ UE can transmit non-coherently.   Each TPMI in the NR UL MIMO codebooks can be identified as requiring at most coherence on all, a subset, or none of its antenna ports.  Therefore, a fully coherent UE can transmit using a set of TPMIs corresponding to full, partial, and non-coherent operation, a partially coherent UE can use TPMIs for partial and non-coherence, while a non-coherent UE can only use TPMIs for non-coherent operation.  This logic leads to the definition of the ‘ULCodebookSubset’ parameter which identifies the TPMIs to be used by a UE as ‘Full+Partial+Non-Coherent’, ‘Partial+Coherent’, or ‘Non-Coherent’, and is used in 38.214 section 6.1.1.1, for example:
For codebook based transmission, the UE determines its codebook subsets based on TPMI and upon the reception of higher layer parameter ULCodebookSubset which may be configured with 'Full+Partial+Non-Coherent', or 'Partial+Non-Coherent', or 'Non-Coherent' depending on the UE capability. The maximum transmission rank may be configured by the higher parameter ULmaxRank.
On the other hand, it was agreed in RAN1#91 that the TPMIs that can be used to serve a UE are set according to 3 states corresponding to full, partial, and non-coherent operation:
Agreement
For uplink codebook subset restriction based on RRC signaling, support 3 states to define the TPMI for coherent transmission, partial coherent transmission and non-coherent transmission
Definition of three states: One state to indicate coherent, partial coherent, and non-coherent transmission, one state to indicate partial coherent, and non-coherent, one state to indicate non-coherent transmission
Only one state can be configured among the three states
For a UE reporting its capability of partial coherent transmission, it shall not expect the gNB to configure the coherent transmission state.
For a UE reporting its capability of non-coherent transmission, it shall not expect the gNB to configure the coherent or partial coherent transmission state.
The size of the DCI field for TPMI is determined by the selected state
TRI restriction (max transmit rank) is part of TPMI size reduction
FFS: Whether TRI and TPMI are jointly or separately encoded

This latter terminology is used to describe the mapping of DCI to TPMI in 38.212, section 7.3.1.1.2.  The DCI bits are mapped according to one of the 3 states of fully coherent, partial coherent, or non-coherent operation, using ULCodeboookSubset, for example:
	-	4, 5, or 6 bits according to Table 7.3.1.1.2-2 for 4 antenna ports, if ulTxConfig = Codebook, and according to the values of higher layer parameters PUSCH-tp, ULmaxRank, and ULCodebookSubset;
Unfortunately, the states ‘fully coherent’, ‘partial coherent’, and ‘non-coherent’ that are used in the tables of 38.212 section 7.3.1.1.2 are not the values of ULCodeboookSubset, and so the operation is not 100% clear in 38.212.  Therefore, some alignment is needed between 38.212, 38.214, and/or the values of ULCodeboookSubset.  
Since the table in 38.212 handles the mapping of individual precoders to coherence capability, it is not essential to identify the combinations of TPMIs explicitly with the values of ULCodeboookSubset.  It instead is sufficient to simply list the 3 states used by 38.212.
Finally, the wording in 38.214 section 6.1.1.1 below is somewhat unclear with respect to constraints on SRS resources and sets.  A UE can use at most 1 resource set and 2 SRS resources in that set for the purpose of codebook based transmission.  The wording below could be read as that a UE using codebook based transmission may have at most 1 SRS resource set and 2 SRS resources configured, which is not correct.  UEs can have multiple SRS resource sets simultaneously configured for codebook based transmission as well as other purposes, e.g. beam management or antenna switching.  This can be clarified by saying that at most one SRS resource set can be associated with codebook based operation and that there can be only 2 SRS resources in the set.
For codebook based transmission, the UE may be configured with a single SRS resource set and only one SRS resource can be indicated based on the SRI from within the SRS resource set. The maximum number of configured SRS resources for codebook based transmission is 2. 
 Observations:
· The terminology identifying NR MIMO UE capability of full, partial, and non-coherent transmission is somewhat convoluted.
· UE coherence capability is identified as full, partial, or non-coherence, but greater coherence capability UEs are capable of transmissions using lesser capabilities.
· This led to different ways of describing the same capability, where
· 38.212 uses 3 states: fully coherent, partial coherent, and non-coherent
· 38.214 and the RRC parameter ULCodeboookSubset use 'Full+Partial+Non-Coherent', or 'Partial+Non-Coherent', or 'Non-Coherent'
· Since the subsets of capability are handled by TPMI mapping in 38.212, it seems sufficient to use the 3 states of 38.212
· Text in 38.214 section 6.1.1.1 is somewhat unclear regarding that than one SRS resource set can be configured to a UE that uses non-codebook based UL transmission.

Proposal:
· Use full coherence, partial coherence, and non-coherence as the values of ULCodeboookSubset
· Modify 38.214 accordingly
· Clarify that only one SRS resource can have higher layer parameter srsSetUse set to ‘Codebook’, and that set can have at most 2 SRS resources.


For 38.214, section 6.1.1.1:
>>>>>>>>>>>> Start text proposal 2>>>>>>>>>>>>
For codebook based transmission, the UE determines its codebook subsets based on TPMI and upon the reception of higher layer parameter ULCodebookSubset which may be configured with 'Full+Partial+Non- Coherencet', or 'Partial+Non- Coherencet', or 'Non-Coherencet' depending on the UE capability. The maximum transmission rank may be configured by the higher parameter ULmaxRank.
A UE reporting its UE capability of 'Partial +Non-Coherencet' transmission shall not expect to be configured by ULCodebookSubset with 'Full+Partial+Non- Coherencet'. 
A UE reporting its UE capability of 'Non-Coherencet' transmission shall not expect to be configured by ULCodebookSubset with 'Full +Partial+Non-Coherencet' or with ‘Full+Partial+Non-Coherencet'.
For codebook based transmission, the UE may be configured with at most one SRS resource set with higher layer parameter srsSetUse set to ‘Codebook’, and that set can contain at most 2 SRS resources. with a single SRS resource set and oOnly one SRS resource can be indicated based on the SRI from within the SRS resource set. The maximum number of configured SRS resources for codebook based transmission is 2. 
>>>>>>>>>>>> End text proposal 2>>>>>>>>>>>>

SRS Configurations with UL MIMO
It is a basic principle of 3GPP standards that mechanisms used to convey CSI are configurable by the network.  CSI feedback and CSI-RS are configured independently of PDSCH transmission: the network can set the DL precoding based on whatever it wishes, whether if CSI feedback or reciprocity is used based on UL measurements, or even if precoding is not used at all.  Similarly, SRS configuration in LTE is completely independent of PUSCH transmission, no matter if a codebook is configured or not.  
Codebook based transmission is described in 38.214 using at least one SRS resource.  This is overly restrictive in our view, and was debated in email discussion [91-NR-02-214] following RAN1#91, but left for further discussion in this meeting.   
Since each SRS port has a corresponding DMRS port with the same port number, a given TPMI applies equally to either SRS or DMRS.  Consequently, it is up to the network whether to measure SRS or DMRS when calculating TPMI.  This behavior is quite helpful, for example to maximize peak rate when there is sustained PUSCH transmission and PUSCH occupies all symbols, since SRS can’t be transmitted in that case.   In such cases, DMRS can be used to determine TPMI and/or non-coherent TPMIs can be selected to maximize robustness to limited CSI.  
To be clear, though, this does not imply that SRS is not beneficial, just that it is not *always* needed, and this can be decided by network implementation.
If SRS is not configured, then some means is needed to determine the codebook configuration.  At present, the codebook configuration is indicated using the SRS-Config field in 38.331.  SRS-Config conveys the number of SRS ports as well as the subset of the codebook used, including whether a subset of PMIs corresponding to full, partial, or non-coherent transmission are used (via the ‘codebookSubset’ field) and if PMIs up to some maximum rank are used (via the ‘maxRank’ field).  The maxRank and codebookSubset fields do not best fit in the SRS-Config field, since they indicate how the rank of PUSCH and what precoding should be applied to PUSCH (the SRS is non-precoded).  Furthermore, all SRS resources must be configured identically in order to ensure that the combined size of the TPMI, TRI, and and/or SRI in DCI is fixed.  Since maxRank and codebookSubset and the number of antenna ports have one configuration for a PUSCH, it is better to configure them for the PUSCH rather than for each SRS resource.

The current text in 38.214 does not actually say how to calculate the number of antenna ports for codebook based transmission, even though 38.211 section 6.3.1.5 says it does:


The set of antenna ports  shall be determined according to the procedure in [6, TS 38.214].

Therefore, some method to determine the number of ports should be specified.  A UE can virtualize its SRS and DMRS to a smaller number of ports than the maximum number of layers it can support.  Consequently, the number of SRS ports is a more flexible mechanism to determine the number of antenna ports than simply using the maximum number of layers.  However, since SRS is not always configured, some mechanism is needed to determine the number of antenna ports in that case.  One way would be to simply use the maximum number of layers the UE can support.



If the number of SRS ports configured for the UE is zero, the equation used to calculate the field size in 38.211 will need correction.  The field size is set as  bits, which is not correct in case .  This section should also use ulTxConfig to determine if codebook based transmission is used, rather than srsSetUse.  Both srsSetUse and ulTxConfig indicate if either codebook or non-codebook based precoding are used by the UE, but srsSetUse is per SRS resource set, while ulTxConfig is configured per PUSCH.  Since a UE can only be configured for either codebook based or non codebook based operation, it makes more sense to only use ulTxConfig.  In this way, it is not possible to misconfigure SRS resource sets of a PUSCH to use both codebook based and non-codebook based transmission.  

Observations:
· It is not necessary to configure SRS for UL codebook based transmission
· LTE and NR adhere to the basic principle that CSI mechanisms are used according to network configuration
· Any one of CSI feedback, CSI-RS, and SRS can be used or not used in the network for CSI
· UL precoders can be determined without SRS, e.g. with DMRS, and non-coherent precoders can be used
· 38.214 does not currently say how to calculate the number of antenna ports used in codebook based transmission, even though this is needed by 38.211
· A single number of SRS ports must be used for all resources in order to maintain a fixed DCI field size for TPMI, TRI, and SRI
· UEs can virtualize SRS to a smaller number of ports than their number of Tx chains
· The maximum number of layers can be used as the number of antenna ports if SRS is not configured
· The SRI indicator field size for DCI format 0_1 in 38.212 needs correction 
· to handle when SRS is not configured
· to align with the agreement that UE is either configured for UL codebook based or non-codebook based MIMO.

Proposal 3:
· Clarify codebook based MIMO operation without SRS configured 
· DMRS and/or SRS ports can be used if zero or one SRS resources are configured
· Add how the number of antenna ports is determined for codebook based operation
· The number of antenna ports is the number of SRS ports configured to the UE if SRS is configured, or the maximum number of layers the UE can transmit if SRS is not configured.
· Update the RRC parameters such that maxRank and codebookSubset are configured for PUSCH, rather than for each SRS resource.
· The field size in 38.212 for DCI format 0_1 is set to 0 bits when SRS is not configured, and tied to higher layer parameter ulTxConfig rather than srsSetUse.

For 38.214, section 6.1.1.1:
>>>>>>>>>>>> Start text proposal 3a >>>>>>>>>>>>
6.1.1.1	Codebook based UL transmission
For codebook based transmission, the UE determines its PUSCH transmission precoder based on SRI, TRI and TPMI fields from the DCI, where the TPMI is used to indicate the preferred precoder over the SRS ports in the selected SRS resource by the SRI when multiple SRS resources are configured, or if a single SRS resource is configured otherwise TPMI is used to indicate the preferred precoder over the DMRS and/or SRS ports. The transmission precoder is selected from the uplink codebook, as defined in Subclause 6.3.1.5 of [4, TS 38.211], where the number of antenna ports is the number of SRS ports configured for the UE; otherwise the number of antenna ports is equal to the maximum number of layers the UE can transmit according to supportedMIMO-CapabilityUL.
… Text Omitted…
For codebook based transmission, the UE may be configured with a single SRS resource set or without SRS, and only one SRS resource can be indicated based on the SRI from within the SRS resource set. The maximum number of configured SRS resources for codebook based transmission is 2. 
>>>>>>>>>>>> End text proposal 3a >>>>>>>>>>>>

For 38.331 section 7.3.1.1.2 (illustrating how RAN2 can clarify UL codebook configuration)

>>>>>>>>>>>> Start text proposal 3b >>>>>>>>>>>>

PUSCH-Config ::= 						SEQUENCE {
… Text Omitted…
	-- Configuration of resource allocation type 0 and resource allocation type 1 for non-fallback DCI
	-- Corresponds to L1 parameter 'Resouce-allocation-config' (see 38.214, section 6.1.2)
	-- FFS_Value: Are these values just 3 flags (ENUMERATED) or the actual configurations? If the latter, where are they defined?
	resourceAllocation						CHOICE {
		resourceAllocationType0					NULL, 
		resourceAllocationType1					NULL,
		dynamicSwitch							NULL
	}
	-- Subset of PMIs addressed by TPMI, where PMIs are those supported by UEs with maximum coherence capabilities of "fully coherent", 
	-- "partially coherent", or "non-coherent" transmission. Corresponds to L1 parameter 'ULCodebookSubset' (see 38.211, section 6.3.1.5)
	codebookSubset			ENUMERATED {fullAndPartialAndNoneCoherent, partialCoherent, nonCoherent}					OPTIONAL,
	-- Subset of PMIs addressed by TRIs from 1 to ULmaxRank. Corresponds to L1 parameter 'ULmaxRank' (see 38.211, section 6.3.1.5)
	maxRank									ENUMERATED {rank1, rank2, rank3, rank4}											OPTIONAL
																			OPTIONAL,
	-- Indicates which MCS table the UE shall use for PUSCH without transform precoder
	-- Corresponds to L1 parameter 'MCS-Table-PUSCH' (see 38.214, section 6.1.4)
	-- When the field is absent the UE applies the value 64QAM
	mcs-Table								ENUMERATED {qam64, qam256},
	-- Indicates which MCS table the UE shall use for PUSCH with transform precoding
	-- Corresponds to L1 parameter 'MCS-Table-PUSCH-transform-precoding' (see 38.214, section 6.1.4)
	-- When the field is absent the UE applies the value 64QAM

… Text Omitted…

}
>>>>>>>>>>>> End text proposal 3b>>>>>>>>>>>>

For 38.212 section 7.3.1.1.2:
>>>>>>>>>>>> Start text proposal 3c>>>>>>>>>>>>




-	SRS resource indicator – or , , or 0 bits, where  is the number of configured SRS resources in the SRS resource set associated with the  and higher layer parameter SRS-SetUseulTxConfig of  has value 'CodeBook' or 'NonCodeBook', and  is the maximum number of supported layers for the PUSCH.


-	 bits for non-codebook based PUSCH transmission, where  is the number of configured SRS resources in the SRS resource set associated with the and higher layer parameter ulTxConfigSRS-SetUse of  has value 'NonCodeBook';


-	 bits for codebook based PUSCH transmission, where  is the number of configured SRS resources in the SRS resource set associated with the and higher layer parameter ulTxConfigSRS-SetUse of  has value 'CodeBook'.
-	0 bits for codebook based PUSCH transmission, when SRS is not configured and higher layer parameter ulTxConfig has value 'CodeBook'.
>>>>>>>>>>>> End text proposal 3c>>>>>>>>>>>>
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