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Introduction
In RAN1 WG1 Meeting AH1801 [1], several agreements on details and the operation non-codebook based UL transmission were reached; 
	Agreement
· UE is not expected to update the SRS precoding information if the gap from the last symbol of the reception of the AP-CSI-RS resource and the first symbol of the AP-SRS transmission is less than 42 OFDM symbols.

· Agree to the following* text proposal for 7.3.1.1.2 in 38.212. The name of the SRI(s) field header can confirmed and modified if needed by the 38.212 spec editor.

* Please refer to [1].




In this contribution, we provide our perspective on UE coherency capability, and its relation with UE state of calibration. 
[bookmark: _GoBack]UE Coherency and Multi-panel 
In NR, three levels of coherency for codebook-based UL transmission are defined. It is also has been decided that switching between non-codebook to codebook-based UL transmission requires explicit signaling through RRC configuration [2]. Therefore, a completely different set of procedures and assumptions may be considered for each mode of the operations. To enable the non-codebook based operation, a definition of UE coherence capability seems needed. 
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. Furthermore, effects associated to human body proximity and hand-grip may also have an impact on coherence capability. Such imbalances are usually more prevalent in higher frequencies, and may be resulted from either baseband or RF circuitries in a UE. 
Figure 1 shows, an exemplary placement of antenna panels on a UE where antenna panels are placed at different corners of a handset. As shown, if the panels are not excited with tightly phase-locked oscillators, a residual phase difference between the two signals results in phase imbalance and potential beam distortion. Also, if the baseband clocks are not accurately phase synchronized and skewed, a similar impact may be expected during ADC and DCA processes. Amplitude imbalances may also be resulted from the amplitude impairments of the RF structure and/or baseband circuitry. To make things more difficult, even if all impairment issues related to implementation are addressed, still the hand-grip effect at UE may still pose as a major contributor to coherence capability of a UE. 


Figure 1 Examples of SRS resource sets 
Figure 2 shows a simple 2×2 UL MIMO channel model. In this exemplary set up, it is assumed experiencing antenna imbalance factors of α and β on the 2nd and 1st antenna elements of TX and RX, respectively where α and β are time varying complex factor impacting phase and amplitude coherency of the MIMO system. As such, the effective channel model  can be shown as 

where  is the actual channel.


Figure 2 Examples of SRS resource sets 
Since, non-codebook UL MIMO transmission is based on channel reciprocity, the state of UE calibration can be considered as the main criterion for non-codebook UL MIMO capability. 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 chains and antenna system, it is important that the UE is properly calibrated [3]. Figure 3 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 


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.
Therefore, even if a multi-panel structure of a UE is properly implemented to address all the basic coherency requirements by exhibiting negligible RF oscillator phase differences, clock skews, etc., it may not be still considered full coherent capable in a reciprocity-based transmission, unless it is calibrated. Therefore, for non-CB transmission, UE calibration needs to be maintained and its state should be considered.  
Proposal 1 - RAN1 considers self-calibration or OTA calibration procedures for UE.
Proposal 2 - UE indication of its state of calibration should be considered as the basis for non-codebook base UL MIMO capability.
In a SRS resource set, the available SRS resources may be selected from different panel, and hence it may be possible that they would have different state of calibration and coherence capability. Therefore, an SRS resource selection may also imply having different state of coherence capability. For example, a subset of SRS resources may be properly calibrated, and sufficiently coherent while another subset may not. As such, there may be possible to allow partial calibration and coherence capability of a UE depending on the configured SRS resources. A partial calibration of UE can result in reducing overhead associated to the calibration process.


[bookmark: OLE_LINK5][bookmark: OLE_LINK6]		
Figure 3 - Down link and Uplink TX/RX chain model
Summary
In this contribution, we provide our perspective on UE coherency capability, and its relation with UE calibration. Based on the presented discussion, following proposals are made:
Proposal 1 - RAN1 considers self-calibration or OTA calibration procedures for UE.
Proposal 2 - UE indication of its state of calibration should be considered as the basis for non-codebook base UL MIMO capability.
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