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Introduction
In RAN1#86bis, the following agreements related to MIMO transmission based on multiple antenna panels have been achieved:
Agreements:
· Study at least the following different multi-panel structures at both TRP and UE
· Uniform array: antenna elements with the same polarization from multiple panels are uniformly distributed in horizontal and vertical dimensions respectively (see Fig.1(a) in R1-1610893 as an example)
· Non-uniform array: antenna elements with same polarization from multiple panels are not uniformly distributed in horizontal or vertical dimension (see Fig.1(b) in R1-1610893 as an example)
· Study the coherent/non-coherent MIMO transmission based on uniform/non-uniform array structure at TRP or UE
· E.g., Codebook design, calibration accuracy, interference measurement, advanced receiver design, interference hypothesis
This contribution focuses on coherent MIMO transmission based on multiple antenna panels with reciprocity-based CSI feedback in TDD and discusses antenna calibration to achieve channel reciprocity.

TDD channel reciprocity impairment
DL coherent MIMO transmission is effective for increasing the spectral efficiency when explicit CSI (e.g. “raw” channel matrix) is available at the gNB. In TDD, reciprocity-based CSI feedback is attractive for its lower overhead than explicit CSI feedback. In general, over the air channel can be assumed to be reciprocal between DL and UL. However, in practice, DL channel F observed at the UE is not necessarily equivalent to the UL channel G observed at the BS due to the Tx/Rx RF circuit response mismatch as shown in Fig. 1. For example, the (m,n)-th element of F is written by Fm,n=rmhm,nTn while that of G is written by Gm,n=tmhm,nRn, where Tn and Rn are the Tx and Rx RF circuit responses of antenna#n, and tm and rm are the Tx and Rx RF circuit responses of UE#m, respectively. Therefore, this mismatch may affect the transmission performance with reciprocity-based CSI feedback in TDD.
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Fig. 1  TDD channel reciprocity impairment due to Tx/Rx RF circuit response mismatch
Fig. 2 shows the impact of Tx/Rx RF circuit response mismatch at gNB after channel reciprocity calibration (i.e. calibration error) on DL coherent MU-MIMO transmission. Tx/Rx RF circuit response mismatch after channel reciprocity calibration is given by Gaussian phase error with standard deviation 0 to 30 [deg]. Up to {16, 20, 24, 28} UEs are selected from 30 UEs within a cell by a PF scheduling. It is seen from Fig. 2 that spectral efficiency significantly degrades when the calibration error is large. In TR 38.913, the target spectral efficiency is set to 30 bps/Hz. Therefore, calibration error should be suppressed sufficiently (i.e. to less than about 10 to 20 [deg]) to meet the requirement.
Observation: Channel reciprocity calibration is necessary to obtain sufficient DL coherent MU-MIMO gain.
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Fig. 2  Impact of Tx/Rx RF circuit response mismatch at gNB after channel reciprocity calibration
on DL coherent MU-MIMO with maximum number of multiplexed UEs = {16, 20, 24, 28}

Channel reciprocity calibration for multiple antenna panels
From the above discussion, it is desirable to calibrate the Tx/Rx RF circuit response mismatch at the gNB for achieving a sufficient coherent MU-MIMO gain. Channel reciprocity calibration schemes can be categorized into two groups: 1) circuitry based [1] and 2) over the air (OTA) [2, 3]. In circuitry based calibration, an additional RF circuit connected to each antenna is necessary to calibrate antennas. On the other hand, OTA calibration is done by, for example, transmitting/receiving reference signal (RS) among antennas and no calibration circuit at the antennas is necessary.
Assuming a gNB is equipped with multiple antenna panels and only circuitry based calibration is available, both the antennas within a panel and among panels should be calibrated by means of calibration circuits. At first sight it seems to be no problem, since the antennas within a panel and among panels are collocated at a TRP. However, for the case when the panels are part of the same TRP but each panel is separated with a distance of, for example, 1~2m, each panel may be implemented as an individual unit. In such a case, the antennas within a panel (i.e. unit) can be calibrated by implementing a calibration circuit on the panel. However, it may be difficult to calibrate the antennas among panels because of the reasons discussed as follows:. 
As examples, we can assume gNB structures with multiple antenna panels such as:
Alt 1:	Each panel is collocated with individual RF unit such as RRH and is connected to the calibration unit by RF cable (Fig. 3 (a))
Alt 2:	All panels each of which is not collocated with the RRH are connected to a single RRH equipped with the calibration unit by RF cable (Fig. 3 (b))
In Alt 1, calibration signal is transmitted/received through the RF cable between each panel and the calibration unit. On the other hand, in Alt 2, not only the calibration signal but also the Tx/Rx signal to/from UEs are transmitted/received through the RF cable between each panel and the RRH. For flexible panel deployment, neither structure is preferred since the RF cables limit the flexibility of panel deployment. Furthermore, in Alt 2, the power amplifier (PA) in the RRH should be designed considering the RF cable loss connected to each panel, which may degrade the PA efficiency. In this case, OTA calibration may be useful from the viewpoint of flexible panel deployment.
As stated in [3], OTA calibration may not be a RAN1 issue, but an implementation or RAN4 issue (e.g., whether a calibration period, when calibration signal is transmitted, can be included in the “Transmitter ON period” defined by TS36.104). However, it may be necessary to clarify whether OTA calibration can be implemented without any RAN1 specification since it does transmit some signal over the air. To this end, it is better to study how calibration signals should be transmitted/received and whether it is necessary to specify the signalling in RAN1.
Proposal: Study the necessity of calibration signalling to support coherent MIMO transmission based on multiple antenna panels.
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(a) Alt 1: Each panel is collocated with a RRH
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(b) Alt 2: All panels are connected to a single RRH
Fig. 3 Examples of circuitry based calibration structures for multiple antenna panels

Conclusions
This contribution discussed antenna calibration to achieve channel reciprocity for coherent MIMO transmission based on multiple antenna panels. Based on the discussion, the observation and proposal are summarized as follows:
Observation: Channel reciprocity calibration is necessary to obtain sufficient DL coherent MU-MIMO gain.
Proposal: Study the necessity of calibration signalling to support coherent MIMO transmission based on multiple antenna panels.
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Appendix
Table A  Evaluation assumptions in Fig. 2
	parameter
	value

	System bandwidth
	10 MHz @ 5 GHz

	Total Tx power
	30 dBm

	TRP configuration
	1 TRP at the center of a hexagonal area (radius = 100[m])

	No. of antennas per TRP
	32 (λ/2-spaced ULA)

	TRP antenna gain
	5 dBi

	Shadowing
	N/A

	No. of UEs
	30

	Scheduling
	Wideband PF

	No. of UE antennas
	1

	UE antenna gain
	0 dBi

	Rx noise PSD
	-174 dBm/Hz

	UE velocity
	1 km/h

	Channel model
	3D-UMi

	Transmission method
	Coherent MU-MIMO (ZFBF)

	SRS Transmission period
	10 ms
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