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Introduction
In RAN1 WG1 Meeting #92 [1], further details on the operation of non-codebook based UL transmission were reached; 
	Agreements
· Add the following text for TS38.214 section 6.1.1.2
· The UE shall perform one-to-one mapping from the indicated SRI(s) to the indicated DMRS ports(s) in the DCI format 0_1 increasing order.

· A UE should not be expected to be configured with both SRS-SpatialRelationInfo for SRS resource and SRS-AssocCSIRS for SRS resource set for non-codebook based transmission.

· For non-codebook based transmission, a UE can be configured with only one NZP CSI-RS resource for the SRS resource set.

· The minimum SRS resource for non-codebook based transmission is one for DCI format 0_1. 

· For non-codebook based uplink transmission, support the same time domain behavior at SRS resource set level as that of the codebook based uplink transmission case

Conclusion:
No explicit specification support of frequency selective precoding for non-codebook based transmission in Rel-15.



In a MIMO system, the actual implementation of antenna panels, their assembly and connection structures to the RX/TX RF chains play an important role in the level of coherency and reciprocity exhibited by the UE. In this contribution, we provide our perspective on calibration for non-codebook operation.

Non-Codebook UL Operation 
In NR, a UE can be configured by the higher layer parameter ulTxConfig to operate in either ‘Codebook’ or ‘NonCodebook’ modes. The selection between the modes would be mainly based on operating conditions, however it is expected that UE perform sufficiently well in either mode. 
For non-codebook uplink transmission, following the SRS transmission, and the succeeding gNB indication of SRI, a UE can determine a proper precoder for its PUSCH transmission. The basic assumption for non-code book based operation is to rely on channel reciprocity. In a reciprocity-based CSI framework, since a UE bases its UL transmission on the measurements performed on the downlink channel that is observed through the RF 
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Figure 1 - Down link and Uplink TX/RX chain model

chains and antenna system, it is important that the UE is properly calibrated [2]. As demonstrated in [2], the performance of a reciprocity-based system with a poor calibration can be severely impacted. Figure 1 shows the basic model of TX/RX transmission chain process in a reciprocity-based MIMO transmission system where  and  represent the aggregated transmit and receive complex gain blocks, respectively. To exploit the reciprocity principle it is required that , however due to mismatch of the transmitter and the receiver gain elements in the RF chain of eNB and the UE, . The sources of such mismatches are mainly from amplitude and phase variations of the used components in the RF signal chain. In general, the principal requirements for a calibrated multi-antenna system can be expressed as 
  	 					  
   	 	 		 		 (1)
where  and are arbitrary constants. Given the impact of mis-calibration on the validity of the estimated uplink channel, and consequently on the performance of the MIMO transmission [3], a UE should be adequately calibrated for non-codebook based UL MIMO transmission.
Observation 1 – UE calibration is essential for reciprocity-based non-codebook UL transmission. 
In a MIMO system, the actual implementation of antenna panels, their assembly and connection structures to the RF feed play an important role in the level of coherency achieved by the UE. A small phase offset and/or amplitude imbalance may lead to an array structure with a limited coherence capability. Such imbalances are usually more prevalent in higher frequencies, and may be resulted from either baseband or RF circuitries in a UE. Therefore, for codebook-based uplink transmission in NR, three levels of coherency are defined, namely, ‘fullAndPartialAndNonCoherent’, or ‘partialAndNonCoherent’ , or ‘Non-Coherent’. As such, upon reporting of its coherence capability, a UE is configured by the higher layer parameter ULCodebookSubset with a proper subset restriction according to its declared coherence capability. Then, the UE can determine the desired precoder based on the indicated TPMI and its configured subset restricted codebook. The main motivation for introduction of codebook subset restriction for codebook-based transmission was to assure that the uplink codebook properly matches the actual coherence capability of a UE. Otherwise, if a UE does not exhibit coherency across its antenna ports, then the indicated PMI will be always mismatched and inaccurate.
 
Observation 2 – Coherency capability and codebook subset restriction are introduced for codebook-based uplink transmission to assure proper matching between uplink codebook and the actual UE capability.

In non-codebook uplink transmission, a UE can use measurements based on CSI-RS to arrive at an estimate for the downlink channel, and then based on reciprocity principle the UE can determine the best precoder for the uplink transmission. Therefore, for non-codebook uplink transmission, potential impacts and problems associated with RF implementation imperfections are multi-fold as the RF impairments may impact transmission in both transmit and receive directions. Furthermore assuming a calibrated gNB, to prevent any distortion between CSI-RS measurements observed by the UE RX chains, and the actual PUSCH transmission through UE TX ports, the conditions expressed in Eq.(1) should be met. 
Therefore, similar to the notion of coherence capability that is used for codebook-based transmission to make sure that the employed codebook matches UE transmission capability, state of UE calibration should be considered for rank determination and precoder transmission. For example, if a UE is not calibrated then it should not be configured by gNB to operate with a high rank. 

Proposal  1- UE indication of its state of calibration is required to support for reciprocity-based non-codebook UL transmission.

Summary
In this contribution, we provide our perspective on calibration requirement and its requirement for non-codebook based uplink transmission. Based on the presented discussion, following observation and proposal are made:
Observation 1 – UE calibration is essential for reciprocity-based non-codebook UL transmission. 
Observation 2 – Coherency capability and codebook subset restriction are introduced for codebook-based uplink transmission to assure proper matching between uplink codebook and the actual UE capability.
Proposal  1- UE indication of its state of calibration is required to support for reciprocity-based non-codebook UL transmission.
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