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1. [bookmark: _Toc474161164][bookmark: _Toc494739923][bookmark: _Toc495273190]Introduction
At RAN1 #90bis, the following agreements were reached for UL MIMO transmission:
Agreement:
NR supports 3 levels of UE capability for UL MIMO transmission 
· Full coherence
All ports can be transmitted coherently
· Partial coherence
Port pairs can be transmitted coherently
· Non-coherence
No port pairs can be transmitted coherently
TPMI codewords from the codebook are used by gNB accordingly

In this contribution, we provide our views on non-codebook based transmission.


2. Analysis on non-codebook based transmission
UE coherence transmission capability was introduced to support codebook based transmission in previous meetings:
At RAN1 90bis, the following were agreed:
 Agreement:
NR supports 3 levels of UE capability for UL MIMO transmission 
· Full coherence
All ports can be transmitted coherently
· Partial coherence
Port pairs can be transmitted coherently
· Non-coherence
No port pairs can be transmitted coherently
TPMI codewords from the codebook are used by gNB accordingly

With respect to a UE’s coherence transmission capability, for codebook based transmission, UE behavior and gNB behavior are clearly specified. However, much ambiguity remains for them for non-codebook based transmission.

The current version of TS 36.214 reads 
· “For non-codebook based transmission, the UE can determine its PUSCH precoder and transmission rank based on the wideband SRI field from the DCI. The UE shall use one or multiple SRS resources for SRS transmission, where the number of SRS resources which can be configured to the UE for simultaneously transmission in the same RBs is being part of UE capability signalling Only one SRS port for each SRS resource is configured. Only one SRS resource set can be configured. The maximum number of SRS resources that can be configured for non-codebook based uplink transmission is 4.”

“For non-codebook based transmission, the UE can measure NZP CSI-RS resource to calculate the precoder used for the transmission of precoded SRS. “

Hence for non-codebook based transmission, there are 3 scenarios in terms of RRC configuration for non-codebook based transmission:
· Scenario 1: a UE is configured with SRS resource(s), but no NZP CSI-RS resource associated with the SRS resource(s);
· Scenario 2: a UE is configured with SRS resource(s), also NZP CSI-RS resource associated with the SRS resource(s);
· Scenario 3: a UE is not configured with any SRS resource.

Here we provide our views on those scenarios:
· Scenario 1: SRS transmission from a UE is not digitally precoded, the UE may use analog beamforming for the SRS transmission for each Tx chain;
· UE coherence transmission capability is not required;
· Note the same functionality can be supported with “codebook based transmission” for rank 1/2/4 with non-coherent transmission codebooks, while the support for codebook based transmission at rank 3 is inferior to that for non-codebook based transmission (SRI combinations allow 4 choices (choosing Tx chains{1,2,3}, {1,2,4},{2,3,4},{1,3,4}) with non-codebook based transmission while there is a single codeword with codebook transmission at rank 3).
· Scenario 2: SRS transmission from a UE is digitally precoded (from a subset of Tx chains or all Tx chains), in addition, the UE may use analog beamforming for the SRS transmission for each Tx chain;
· From our analysis provided in Appendix, UE coherence transmission capability (partial coherence/full coherence) is required.
· AP-CSI-RS can be used to derive the digital precoder for SRS
· Beam correspondence between Rx beam for AP-CSI-RS reception and Tx beam for SRS/PUSCH transmission should hold.
· We observe that for non-codebook based transmission to properly work in this case, two implicit assumptions (i.e. UE coherent transmission and beam correspondence) need to hold.
· Codebook based transmission incurs less UE implementation effort than non-codebook based transmission.
· Scenario 3: the UE behavior is still to be defined. 
 

More details are provided below for the analysed scenarios. 
Considerations on Scenario 1
[image: ]
Figure 1 Illustration of Scenario 1
· In Figure 1, Scenario 1 is illustrated.
· Note Scenario 1 can be supported equally well with codebook based transmission except for rank 3:
· With non-codebook based transmission, for rank 3 (with 4 SRS ports), any from port combinations {1,2,3}, {1,2,4}, {1,3,4} or {2,3,4} can be chosen. In contrast, with codebook based transmission, only port combination {1,2,3} is allowed.
· We conclude Scenario 1 does not provide much additional support beyond what is supported with codebook based transmission.

Considerations on Scenario 2: implied assumptions for Scenario 2
[image: ]
Figure 2 Illustration of Scenario 2
· In Figure 2, three steps are illustrated:
· In Step 1, a UE receives aperiodic (AP) CSI-RS from gNB; and form a covariance matrix from the channel estimate extracted from the observed AP CSI-RS. An eigen decomposition is conducted over the obtained covariance matrix. At mmW, the UE needs to determine the Rx beam for CSI-RS reception from QCL signaling.
· In Step 2, the eigen-vectors identified in Step 1 are used as precoders for SRS (s1/s2). Note the Tx beam for SRS transmission should be the same as the Rx beam for CSI-RS reception. In the example, 2 ports of precoded SRS are used.
· In Step 3, according to the DCI received at the UE, PUSCH transmission is conducted. In the example, rank 1 PUSCH transmission is shown. Note the power profile for PUSCH may be different from that for SRS. See Appendix A for detailed analysis. 

In Scenario 2, if a UE supports partial-coherent transmission, and it has 4 Tx chains (e.g. coherent transmissions over Tx chains {1,3} and {2,4} respectively), the precoder for Tx chains {1,3} is derived from the Rx chains corresponding to Tx chains {1,3} (e.g. reciprocity-calibrated), the same goes for {2,4}.  
Conclusion
It is important to note the requirements for proper operations for Scenario 1 and Scenario 2 are very different; and a key difference lies whether coherence transmission and beam correspondence is supported at the UE or not. When a UE declares its support for non-codebook based transmission, the incurred implementation can be very different depending on Scenario 1 or Scenario 2 is considered.
From analysis provided above, we have
· Non-codebook based transmission for Scenario 1 does not provide much additional support beyond what is supported with codebook based transmission.
· Non-codebook based transmission for Scenario 2 requires beam correspondence and coherent transmission to function properly.
· Codebook based transmission is preferred over non-codebook based transmission  Recommend non-codebook based transmission be an optional feature. 

We have
Proposal 1: Coherence transmission signalling from a UE reflects a UE capability, which is not tied to the uplink transmission scheme configured by a gNB, which may be codebook based or non-codebook based depending on the gNB’s configuration.

Proposal 2: 
· When a UE indicates it support non-coherent transmission in the coherence transmission capability signalling, and the gNB configures the UE with non-codebook based transmission, the gNB does not expect the UE to utilize a precoder for SRS/PUSCH transmission which requires coherent/partial-coherent transmission from UE’s Tx chains;
· When a UE indicates it support partial-coherent transmission in the coherence transmission capability signalling, and the gNB configures the UE with non-codebook based transmission, the gNB does not expect the UE to utilize a precoder for SRS/PUSCH transmission which requires coherent/partial-coherent transmission form UE’s Tx chains belonging to different coherence groups of Tx chains.
· When a UE indicates it support full-coherent transmission in the coherence transmission capability  signalling, and the gNB configures the UE with non-codebook based transmission, the gNB expects the UE to utilize a precoder for SRS/PUSCH transmission which requires coherent  transmission form UE’s Tx chains from all Tx chains.
· The text proposal in Appendix B is adopted.



3. [bookmark: _Toc494739930][bookmark: _Toc495273198]Conclusion
In this contribution, we discuss UL non-codebook based MIMO transmission. We have

Proposal 1: Coherence transmission signalling from a UE reflects a UE capability, which is not tied to the transmission scheme which may be codebook based or non-codebook based.
We have
Proposal 1: Coherence transmission signalling from a UE reflects a UE capability, which is not tied to the uplink transmission scheme configured by a gNB, which may be codebook based or non-codebook based depending on the gNB’s configuration.

Proposal 2: 
· When a UE indicates it support non-coherent transmission in the coherence transmission capability signalling, and the gNB configures the UE with non-codebook based transmission, the gNB does not expect the UE to utilize a precoder for SRS/PUSCH transmission which requires coherent/partial-coherent transmission from UE’s Tx chains;
· When a UE indicates it support partial-coherent transmission in the coherence transmission capability signalling, and the gNB configures the UE with non-codebook based transmission, the gNB does not expect the UE to utilize a precoder for SRS/PUSCH transmission which requires coherent/partial-coherent transmission form UE’s Tx chains belonging to different coherence groups of Tx chains.
· When a UE indicates it support full-coherent transmission in the coherence transmission capability  signalling, and the gNB configures the UE with non-codebook based transmission, the gNB expects the UE to utilize a precoder for SRS/PUSCH transmission which requires coherent  transmission form UE’s Tx chains from all Tx chains.
· The text proposal in Appendix B is adopted.


Appendix A

Coherent transmission and non-codebook based transmission (Scenario 2)



Assume there are N Tx/Rx antennas (e.g. N=4) at a UE. Assume the network configures a -port CSI-RS, and the UE estimates a DL wideband covariance matrix .

And an eigen-decomposition is performed on :









 is a  unit-norm vector, , and  are the eigenvalues. Assume the UE uses (scaled) for beamformed SRS transmission over  a single port SRS resource , . 




If the gNB chooses SRS resources 1 and 2 for rank 2 UL MIMO transmisison, i.e.  and  are chosen for a rank-2 PUSCH, the power emitted from antenna  is proportional to:

, where  is the antenna index.

And either or both as follows can happen:

· 
	


	if , ; 
· 

and in general  the power profile  across antennas {} depends on the selected SRS resources, and it is different from {}.

If the UE suffers from RPD (Relative Phase Discontinuity) and/or phase noise, then actual precoders applied to PUSCH are




 instead of ;


Where is the phase rotation on antenna; and deconstructive combining instead of the intended constructive combining can happen between emissions from UE antennas,  and the whole scheme breaks down – beamformed SRS does not provide useful information concerning CSI to the gNB. 

We can see for the proper operation of the non-codebook based operation, full/partial coherence is a prerequisite in this case. 


Appendix B

-------------------------------------------------- Text proposal starts -------------------------------------------------------------------
[bookmark: _Toc501048208]6.1.1.2	Non-Codebook based UL transmission
[bookmark: _Hlk494787623]For non-codebook based transmission, the UE can determine its PUSCH precoder and transmission rank based on wideband SRI field from the DCI. The UE shall use one or multiple SRS resources for SRS transmission, where the number of SRS resources which can be configured to the UE for simultaneously transmission in the same RBs is being part of UE capability signalling. Only one SRS port for each SRS resource is configured. Only one SRS resource set can be configured. The maximum number of SRS resources that can be configured for non-codebook based uplink transmission is 4.
[bookmark: _Hlk498597149]For non-codebook based transmission, the UE can measure NZP CSI-RS resource to calculate the precoder used for the transmission of precoded SRS. 
[bookmark: _Hlk498591525]-	If aperiodic SRS resource is configured, the [CSI-RS information in the same slot TBD] for UL channel measurement is indicated via DCI, where the association among aperiodic SRS triggering state, triggered SRS resource(s) SRS-ResourceConfigId, CSI-RS resource ID NZP-CSI-RS-ResourceConfigID are higher layer configured by AperiodicSRS-ResourceTrigger. A UE may receive the dynamic SRS transmission request for aperiodic SRS transmission in the same slot as the reception of the DL CSI-RS resource, where the SRS transmission happens [TBD] symbols after the SRS transmission request. A UE may receive the SRI which shall be associated with the most recent SRS transmission.  A reference SRS resource is assumed for CSI-RS resource referred by NZP-CSI-RS-ResourceConfigID. UE reporting its UE capability of 'Non-Coherent' transmission shall not expect to transmit from more than one antenna port from the reference SRS resource for one SRS port. A UE reporting its UE capability of 'Partial+Non-Coherent' transmission shall not expect to transmit from antenna ports from different antenna port groups in the reference SRS resource for one SRS port, where antenna port group 1 in the reference SRS resource consists of antenna ports [1] and [3], and antenna group 2 in the reference SRS resource consists of antenna ports [2] and [4].
-	If periodic or semi-periodic SRS resource set is configured, the NZP-CSI-RS-ResourceConfigID for measurement is indicated via higher layer parameter SRS-AssocCSIRS per set.
-------------------------------------------------- Text proposal starts -------------------------------------------------------------------
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