3GPP TSG-RAN WG4 RAN4#1-NR
R4-1700190
Spokane, U.S.A, January 17th -19th, 2016

Agenda item:
3.5.4
Source: 
Qualcomm Incorporated
Title: 
Beam Correspondence for NR
Document for:
Discussion
1. Introduction
RAN1 has been discussing several aspects of beam correspondence (reciprocity) in past meetings. In this paper we discuss some aspects that are related to RAN4 scope.
2. Discussion
Beam correspondence is being discussed especially in the context of TDD systems in the >24GHz range. The system will employ active antennas with beam forming to compensate for the higher path loss and TDD enables the use of the same beam pairs for both DL and UL.

In order to find an optimal pair of gNB and UE beams, some kind of beam sweeping is required. This procedure adds a lot of overhead. If beam correspondence is achieved then the results of the DL beam sweeping procedure is enough to find the optimal beam pair for both DL and UL transmissions. If UEs do not have beam correspondence then the beam sweeping procedure has to be repeated for UL incurring additional overhead and also increasing the UE power consumption because the UE has to transmit signals in multiple directions for a certain amount of time. Hence, beam correspondence is highly desirable and enhances the system performance. More details on the benefits and beam sweeping procedures can be found in [1].

However, beam correspondence requires good calibration of the UE antenna array that is rather difficult to achieve. There will likely be UEs that cannot use beam correspondence. As such, some sort of capability or signaling mechanism will be needed to differentiate UEs that can use beam correspondence (and can skip UL beam sweeping) and UEs that cannot. Furthermore, depending on the RAN1 discussion, it is possible to have a partial beam correspondence [1] in which the UL beam sweeping procedure can be optimized/shortened.
Consequently, RAN4 will have to study and define some requirements for UEs that claim beam correspondence or partial beam correspondence. A very simple mathematical description of beam correspondence is given below:

UE Rx signal = Tx signal gNB*wgNBTx*H*wUERx   (1)
gNB Rx signal = Tx signal UE*wUETx*H*wgNBRx  (2)
In (1) and (2) w denotes the vector of weights applied to the antenna array of gNB/UE for Tx/Rx.

In a typical environment, the UE will choose wUERx corresponding to a certain wgNBTx such that UE Rx signal SINR is maximized over all pairs of wgNBTx and wUERx. Beam correspondence implies that UE can pick a wUETx weight vector such that gNB Rx signal given in (2) is maximized based on the measurements performed on UE Rx signal in (1). 
RAN4 should study how to define the requirements for beam correspondence and the necessary margins for finding the optimal UL beam. Some analysis on the impact of phase mismatch/errors is shown in [1]. RAN4 should discuss in depth under what conditions (e.g. what kind of UL SNR should be achieved or in what direction the UE should transmit based on DL measurements) a UE can claim that is has beam correspondence or partial correspondence. 
A test for these requirements will also be needed, RAN4 will have to discuss how to define such a test. A rather simple setup could be to fix a gNB Tx beam and measure the received signal on the corresponding gNB Rx beam to see that the SINR is higher(or within a certain tolerance) than on any of the other gNB Rx beams.
3. Conclusion
In this paper we briefly discussed beam correspondence from a RAN4 point of view. Considering the benefits of beam correspondence (reciprocity), a UE capability is likely to be introduced. RAN4 will have to define requirements and test cases for UEs that have beam correspondence.
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