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1. Introduction
Beam correspondence has been discussed briefly discussed in previous meetings [1]. In this paper we discuss how to define RAN4 requirements for this UE capability.
2. Discussion
Beam Correspondence Requirements

A basic description of beam correspondence and its benefits was introduced in [1], [2]. 
From a capability point of view, beam correspondence(reciprocity) is the ability of the UE(or gNB) to create the same beam pattern for Tx as the one used for Rx. However, such a definition is impractical because it is very difficult to perform an Rx beam pattern measurement and it would be really difficult to set a requirement on the allowed mismatch between them.
From a system point of view, beam correspondence enables a device to direct its Tx beam in the direction where the DL signals are coming from. As such, a practical definition should be based on the fact that the device can correctly set the transmit direction in the same direction from which it is receiving signals.

Proposal 1. The requirements for beam correspondence should consider the transmit and receive direction of signals. 

As explained above setting the requirement in terms of a mismatch between the Rx beam pattern and the Tx beam pattern is not practical. Hence, from a RAN4 point of view, the requirement could be defined in terms of UE picking the best beam to transmit in the direction where the DL signals are coming from. However, such a definition might penalize UEs with very fine beam granularity that would not pick the best beam but another beam that has slightly lower gain in the wanted direction. This is illustrated in Figure 1 in which the best beam would be the solid black line, however, the UE would pick the beam depicted by the dotted red line. From a system point of view, such a UE should declare itself as capable of beam correspondence if the mismatch between the best UL beam and the chosen beam is within a certain tolerance.

[image: image1.emf]DL signal


Figure 1. Mismatch between beams

Proposal 2. Define the beam correspondce requirement as the maximum allowed mismatch between the best beam(beam yielding highest EIRP in a give direction) and the beam the UE chooses to transmit in the direction of the incoming DL signal.
The mismatch(tolerance) described in the previous  section will lead to some loss in UL coverage. We performed a very simple analysis on the impact of this mismatch on UL coverage. Table I shows the median UL coverage loss with different mismatch assumptions. A typical deployment model used in 3GPP evaluations is assumed and the mismatch is assume to be randomly distributed between 0 and the maximum allowed. Summary of simulation assumptions is given in the annex.
	Mismatch [dB]
	Median loss
	80th Percentile loss

	2
	6.38%
	9.99%

	3
	9.38%
	14.59%

	4
	12.39%
	18.99%


Based on the above results, a 2dB tolerance is a very good tradeoff between implementation complexity and system impact. It should be noted that UEs with beam correspondence will incur a lot less overhead in setting up the UL-DL beam pairs and be more power efficient because there is no need for UL beam sweeping.

Proposal 3. The beam correspondence tolerance should be 2dB.
In RAN4#84 it was proposed to test beam correspondence together with the EIRP cdf [3]. We believe these requirements should be separately defined(there might be UEs that do not have correspondence). The testing methodology and whether the tests should be combined can be discussed separately.
Testing

The requirement defined based on Proposal 2 could be tested with the following procedure:
1. UE picks the “corresponding beam” to the DL transmission, TE measures the UL power(UL Tx power should be set to maximum)
2. UE is configured to transmit UL signals on all other UL beams, TE measures the UL power on each 

3. TE compares the “corresponding beam” with the maximum measured over all the beams

If  “corresponding beam” is within the defined tolerance(e.g. 2 dB) then UE has beam correspondence
3. Conclusion
In this paper we briefly discussed the definition of the beam correspondence requirements. Based on our analysis we made the following proposals:
Proposal 1. The requirements for beam correspondence should consider the transmit and receive direction of signals. 

Proposal 2. Define the beam correspondce requirement as the maximum allowed mismatch between the best beam(beam yielding highest EIRP in a give direction) and the beam the UE chooses to transmit in the direction of the incoming DL signal.

Proposal 3. The beam correspondence tolerance should be 2dB.
We also proposed a test methodology in Section 2.2.
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Annex

Simulation assumptions

	Parameter
	Value

	Antenna dimensions
	8x4 at gNB, 4x2 at UE

	EIRP
	24 dBm

	Elemental gains
	8 dB at gNB, 5 dB at UE

	Loss in peak array gain (at both ends) due to finite size of SS codebook
	3 dB

	gNB noise figure
	13 dB

	Simulation bandwidth
	40 MHz

	UL SINR threshold
	-6 dB

	Frequency
	28 GHz

	Path loss exponent
	3.5
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