3GPP TSG-RAN Meeting #92bis	R1-1804968
[bookmark: _GoBack]Sanya, China, April 16th – 20th, 2018

Source:	Ericsson
[bookmark: Title]Title:	Corrections for Codebook Based UL MIMO
[bookmark: Source]Agenda Item:	7.1.2.1.2
[bookmark: DocumentFor]Document for:	Decision

Introduction
This contribution addresses general clarifications of codebook based UL MIMO operation as well as the highly restricted time domain configuration of SRS for codebook based operation.  Corrections for power control for codebook based operation in UEs with partial or non-coherent transmission capabilities that are discussed in a companion paper [1] are introduced.  
High level proposals as well as text proposals are provided to correct the identified problems.
Clarification of Codebook Based Operation
If the higher layer parameter ulTxConfig is not configured, the PUSCH transmission is based on one PUSCH antenna port 
Only codebook based and non-codebook based transmission schemes are defined for NR.  However, the higher layer parameter ulTxConfig is not always configured (e.g. during initial access).  At present, 38.214 identifies that one PUSCH antenna port is used in this case, but not whether codebook or non-codebook based operation is used.    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 scalar 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.  Since SRS may not be configured, codebook based operation seems the most logical choice for when ulTxConfig is not configured.

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 text only indicates that the preferred precoder is for the SRS, although it is also the precoder to apply to DM-RS, since the SRS and DM-RS are both precoded by.  It is also not correct to say that TPMI applies to the SRS resource, since the UE does not apply the TPMI to the SRS resource, and also since gNB is free to pick any TPMI it likes, for example using a fixed value of TPMI.  On the other hand, TPMI does correspond to the selected SRS resource by SRI.   
We also note that antenna ports are normally referred to by their number rather than ‘SRS’ or ‘DM-RS’, and so this should also be fixed in the text.  Since port numbering has been updated in the latest version of 38.211, with PUSCH DM-RS starting at port 0,, this should be taken into account.
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].

Furthermore, the restriction that a UE can’t be configured for 2 port codebook based operation with partial coherent operation should be clarified that the two antenna ports are within one SRS resource, not two ports within separate single antenna port resources.

It is also not clear that the restrictions on NrofSRS-Ports and SRS-ResourceConfigType  apply only to the SRS resources used for codebook based transmission when additional SRS resource sets are configured, e.g. for beam management and SRS switching. 

Observations:
· It is unclear when multi-antenna operation is not yet configured which of codebook based or non-codebook based operation is used
· TPMI is not used to indicate the preferred precoder over SRS, as in 38.214 presently
· TPMI should indicate what is preferred to be applied over DMRS and PUSCH ports
· 38.211 says that 38.214 identifies antenna ports for codebook based transmission, but 38.214 doesn’t yet do so.
· The restriction on configuring partial coherent codebook based operation with 2 antenna ports is ambiguous with respect to the number of SRS resources.
· It is not clear that the restrictions on NrofSRS-Ports and SRS-ResourceConfigType  apply only to the SRS resources used for codebook based transmission

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 DM-RS and corresponds to the SRS resource selected by SRI
· Codebook based UL MIMO uses one DM-RS port (antenna port 0) 
· as a default configuration
· Clarify the restriction on configuring partial coherent codebook based operation such that 2 antenna ports are within one SRS resource
· 
Add how the antenna ports are determined for codebook based operation in 38.214
· Clarify that the restrictions on NrofSRS-Ports and SRS-ResourceConfigType apply only to the SRS resources used for codebook based transmission

[bookmark: _Toc501048206]For 38.214 section 6.1.1:
>>>>>>>>>>>> Start text proposal 1 >>>>>>>>>>>>
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'. If the higher layer parameter ulTxConfig is not configured, the PUSCH transmission is codebook based on with one PUSCH antenna port, which is triggered by DCI format 0_0.
6.1.1.1	Codebook based UL transmission



[bookmark: _Hlk508460611][bookmark: _Hlk508537973]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 the TPMI is used to indicate the preferred precoder over antenna ports  where is the number of PUSCH spatial layers.  the SRS ports in the selected SRS resource by the SRI wWhen multiple SRS resources are configured, TPMI and antenna ports correspond to the or if a single SRS resource indicated by the SRIis configured TPMI is used to indicate the preferred precoder over 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]. When the UE is configured with the higher layer parameter ulTxConfig 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.
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 ‘fullAndPartialAndNonCoherent’, or ‘partialAndNonCoherent’ , or 'Non-Coherent' depending on the UE capability. The maximum transmission rank may be configured by the higher parameter ULmaxRank.
A UE reporting its UE capability of 'partialAndNonCoherent ' transmission shall not expect to be configured by ULCodebookSubset with ‘fullAndPartialAndNonCoherent’. 
A UE reporting its UE capability of 'Non-Coherent' transmission shall not expect to be configured by ULCodebookSubset with ‘fullAndPartialAndNonCoherent’ or with ‘partialAndNonCoherent '.
A UE shall not expect to be configured with the higher layer parameter ULCodebookSubset set to ‘partialAndNonCoherent’ and when two [SRS] antenna ports per SRS resource used for codebook based transmission are configured.
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. 
[bookmark: _Hlk505623688]When multiple SRS resources are configured, the UE shall expect that higher layer parameters NrofSRS-Ports and SRS-ResourceConfigType shall be configured with the same value in all SRS resources used for codebook based transmission, and the higher layer parameter SRS-ResourceConfigType shall be configured with the same value in all SRS resources.
>>>>>>>>>>>> End text proposal 1 >>>>>>>>>>>>

SRS Resource Time Domain Transmission Constraints
The following agreements have been made on how SRS resources can be configured for codebook based operation:
Agreement
· For codebook based uplink transmission, SRS resources in the same resource set should have the same time domain behavior on periodic, aperiodic and semi-persistent SRS
· Send the above as part of LS to RAN2

Agreement:
For codebook-based UL, UE can only be configured with one SRS resource set.
Only one SRS resource is selected within the set via the SRI field in UL grant.
The SRI field in UL grant is independently encoded from at least TPMI in the same UL grant.
The bitwidth of SRI field in UL grant is determined by N = ceil(log2(# of SRS resources in the set)).
Note: This SRS resource set can be reused for UL BM as well, or another separated SRS resource set for UL BM can be configured to the UE, according to gNB implementation.
From these agreements, we can see that SRS resource transmission for codebook based transmission is heavily restricted.  A UE can be configured with only one SRS resource set for codebook based operation, and that set can be transmitted with only one time behavior: periodically, aperiodically, or semi-persistently.  This is even more restrictive than LTE, which allows SRS to be configured both periodically and aperiodically for one UE.  Such limitations preclude using periodic SRS to occasionally sample desired or interfering UL MIMO CSI while using aperiodic SRS to obtain fresh CSI when the UE has a traffic burst, or when channel conditions and/or interference changes rapidly.  Such situations are one of the motivations for deciding that an NR UE can receive both aperiodic and periodic CSI in the first place, and precluding the acquisition of both aperiodic and periodic CSI runs counter to this design decision.
UEs configured with SRS for codebook based transmission can be configured with additional SRS for beam management and antenna switching.  Therefore, the logic behind restricting codebook based transmission to one time domain behavior could have been that beam management and/or antenna switching SRS could be used for codebook based CSI acquisition as well.  While this could be true in principle, it seems hard to achieve in practice.  Not all UEs may support beam management (at least not on all bands), since it is only needed for higher carrier frequency operation.  Similarly, antenna switching may not be supported by all UL MIMO UEs, for example those with say N Tx and N Rx antennas and have good calibration between their transmit and receive chains.  Even if UEs do support these functions, using these SRS resources instead for codebook based operation is not defined in the specification, and more basically contradicts the notion of labeling SRS resources for a purpose.  One issue is that SRI refers to SRS resources used in an SRS resource set configured for codebook based operation, not to SRS resources in other sets.
We finally note that non-codebook based operation is not currently restricted to a single time domain behavior for its SRS resource set.  This is quite inconsistent with restricting codebook based operation to a single time domain behavior, since there is no essential difference with the time domain behavior of SRS needed by these two modes of UL MIMO operation.
Observations:
· Codebook based SRS resource time domain transmission behavior is overly restrictive
· A UE can only transmit its SRS resources for codebook based transmission one of: aperiodically, periodically, or semi-persistently.
· This restriction is not applied to non-codebook based operation (or to any other SRS resource type), which is inconsistent
· The impact of the restrictions may not have been clear at the time of the agreement
· It may have been assumed that beam management or antenna switching SRS resources could be used to provide CSI for codebook based operation
· This does not appear possible given the explicit designation of SRS use, potential UE capabilities, and given how e.g. SRI works.
It is necessary to violate one of the two agreements above in order to allow more time domain flexibility for codebook based SRS transmission.  The simplest one that comes to mind is to allow the SRS resource set used for codebook based transmission to be triggered with any time domain behavior. In more detail: 
· One SRS resource set is configured for codebook based operation
· The set can be triggered aperiodically, periodically, or semi-persistently
· SRS resources are no longer designated as periodic, aperiodic, or semi-persistent
· Each SRS resource can have a SRS-SlotConfig parameter
· Then the SRS is transmitted with the corresponding slot periodicity and offset and according to SRS-ResourceMapping within the slot
· The SRS request field can trigger the SRS resource set 
· Then the SRS is transmitted in the current slot according to SRS-ResourceMapping, and SRS-SlotConfig is ignored

Approaches using multiple SRS resource sets are also viable.  However, having multiple sets adds additional flexibility, and therefore complexity.  Once multiple sets are introduced, then the interrelationship of resources in the sets will need to be established. Increasing the number of SRS resource sets may also increase DCI overhead, depending on the approach used.  Given that we should be minimizing changes as much as possible to finalize Rel-15, this means we tend to prefer a single SRS resource set based solution over those using multiple SRS resource sets.
Finally, we note that the same issues apply to non-codebook based operation, and so propose one solution for both transmission schemes.
Proposal 2:
Allow UEs to be configured to transmit in at least two time domain periodicities for codebook based and non-codebook based operation:
· The UE is configured with one resource set for codebook based or non-codebook based operation
· The set can be triggered aperiodically, periodically, or semi-persistently
· SRS resources are no longer designated as periodic, aperiodic, or semi-persistent
· Each SRS resource can have a SRS-SlotConfig parameter
· Then the SRS is transmitted with the corresponding slot periodicity and offset and according to SRS-ResourceMapping within the slot
· The SRS request field can trigger the SRS resource set 
· Then the SRS is transmitted in the current slot according to SRS-ResourceMapping, and SRS-SlotConfig is ignored

Scaling of PUSCH transmission power for UL-MIMO
For PUSCH power control the following is specified in TS 38.213 section 7.1





For PUSCH, a UE first scales a linear value  of the transmit power  on UL BWP , as described in Subclause 12, of carrier  of serving cell , with parameters as defined in Subclause 7.1.1, by the ratio of the number of antenna ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission scheme. The resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is transmitted. 


The above formulation appears to primarily consider fully coherent codebook based operation, not addressing non-codebook based operation or taking into account UE coherence capability. Given the above text, while codebook based operation with full coherence capability behaves as expected, codebook transmission with partial or non-coherent capabilities cannot achieve the full transmission power for rank 1, degrading cell edge performance.  There are similar problems for non-codebook based operation.

In companion contribution [1], we provide a more detailed background and show example approaches to modify the specification to remedy problems found for codebook as well as non-codebook based transmission. The related proposal from [1] for codebook based operation is repeated here for convenience:

Proposal 3
· 
UL power control for PUSCH should be modified such that UEs configured to ‘partial coherence’ and ‘non coherence’ using codebook based transmission can transmit with a total power  independent on rank, allowing the UE to transmit at its maximum rated power.
Conclusion
This contribution addresses three main open issues for codebook based UL MIMO operation: default UL MIMO configuration and single antenna port operation, SRS resource time domain transmission constraints, the need for SRS configuration with UL MIMO, as well as a number of smaller issues.  Text proposals are given in sections 2-4 to implement the needed corrections. We made the following proposals:
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 DM-RS and corresponds to the SRS resource selected by SRI
· Codebook based UL MIMO uses one DM-RS port (antenna port 0) 
· as a default configuration
· Clarify the restriction on configuring partial coherent codebook based operation such that 2 antenna ports are within one SRS resource
· 
Add how the antenna ports are determined for codebook based operation in 38.214
· Clarify that the restrictions on NrofSRS-Ports and SRS-ResourceConfigType apply only to the SRS resources used for codebook based transmission

Proposal 2:
Allow UEs to be configured to transmit in at least two time domain periodicities for codebook based and non-codebook based operation:
· The UE is configured with one resource set for codebook based or non-codebook based operation
· The set can be triggered aperiodically, periodically, or semi-persistently
· SRS resources are no longer designated as periodic, aperiodic, or semi-persistent
· Each SRS resource can have a SRS-SlotConfig parameter
· Then the SRS is transmitted with the corresponding slot periodicity and offset and according to SRS-ResourceMapping within the slot
· The SRS request field can trigger the SRS resource set 
· Then the SRS is transmitted in the current slot according to SRS-ResourceMapping, and SRS-SlotConfig is ignored
Proposal 3
· 
UL power control for PUSCH should be modified such that UEs configured to ‘partial coherence’ and ‘non coherence’ using codebook based transmission can transmit with a total power  independent on rank, allowing the UE to transmit at its maximum rated power.
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