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1 Introduction

In order to have an efficient UE transmitter implementation, additional Tx calibration during deployed operation is desired, to monitor Tx EVM and emissions, and to update transmitter settings, if needed. For the best performance, the calibration needs to be done when the UE is transmitting over the air, to capture effects of antenna loading, etc. In this contribution, we discuss different approaches of supporting UE transmitter calibration and propose to introduce over the air calibration procedure using UL transmission. This is resubmission of the tdoc from RAN1-AH#3 meeting. 
2 Discussion

Motivation

To have an efficient UE transmitter implementation, some calibration of the UE antenna should be necessary. Such calibration can help to monitor the Tx EVM and emissions as well as to update some transmitter settings. One possible way is to allow the UE to use only one antenna port for transmission periodically, then the UE can perform such calibration over the air.

For NR mmWave, which supports only TDD, support for concurrent Tx and Rx is not required by the specification, and thus typically not supported by the UE architecture. Thus, for an efficient UE implementation architecture, which supports common HW for Tx and Rx, one is limited to be either Tx or Rx on the each of the MIMO chains. If the UE is dual Tx antenna ports capable and the gNB does not schedule the precoder for single Tx antenna, having feedback for Tx calibration, poses a challenge for efficient architecture implementation.

There are a few solutions to this issue:

1. Addition of a dedicated feed-back receiver chain, for the Tx calibration. This is a possible but expensive solution.

2. Implementation based approach, where the UE transmits on one Tx antenna port instead of two, using one Rx chain for feedback, without notifying the gNB.  This approach should be feasible if this is done at a low enough rate, but has the potential issue of causing unknown side effects at the gNB (depending on implementation).  A similar approach is often used in FDD systems, where one of the Rx chains is used with minimal side effects.  The side effects are minimal, mainly due to the UE modem knowing when this occurs, and thus can minimize the side effects of one less Rx chain, by freezing tracking loops etc.

3. Standard based approach, where the UE is able to transmit on one Tx antenna port instead of two, and the gNB is aware of this (and can thus take appropriate action to mitigate side effects).  This solution is the best in term of system performance, although it requires standardization.  A similar concept is implemented in WiFi modems, where a “CTS to self” is transmitted, notifying users in the network that the transmission is not for them, and is used for the transmitter calibration. 
Possible standard based solutions

Possible standard based solution approaches, as mentioned in (3) are described below:
1. Solution 1: PUSCH may support dedicated UL resources within the scheduled PUSCH for transmission of Tx calibration signal (e.g. using first / last one or two OFDM symbols of scheduled PUSCH). If dedicated resource are indicated, UE is allowed to transmit certain Tx calibration signal with some transmission parameter constraints. For example, the Tx calibration signal should have the same Tx power and follow the same modulation order and waveform as the corresponding PUSCH transmission.
2. Solution 2: Precoded SRS transmission with measurement restriction. If precoded SRS transmission is configured for the UE, UE would be allowed to select different precoders on different SRS transmissions time instances including precoders corresponding to antenna selection. 

3. Solution 3: gNB indication of the transmit precoder with antenna selection. UE upon indication of the required transmission rate for calibration signal, expects that gNB performs scheduling of PUSCH with transmit precoder corresponding to one Tx antenna port.

In the above solutions, it is assumed that UE reports (e.g. as part of UE capability) support of Tx calibration signal transmission and the expected transmissions rate of such signal. 
Summarizing discussion above, the following proposal can be made:
Proposal:
· NR should support over-the-air based antenna calibration scheme to achieve efficient UE transmitter implementation 

· RAN1 to discuss the possible mechanism of UL signal transmission allowing periodical use of  single Tx antenna at the UE
3 Summary


In this contribution, we discuss different approaches of supporting UE transmitter calibration and propose to introduce over the air calibration procedure using UL transmission. Based on the discussion above, the following proposal can be made:

Proposal:
· NR should support over-the-air based antenna calibration scheme to achieve efficient UE transmitter implementation 

· RAN1 to discuss the possible mechanism of UL signal transmission allowing periodical use of  single Tx antenna at the UE
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