
3GPP TSG RAN Meeting #82

    RP-182475
Sorrento, Italy, December 10th – 13th, 2018
Source:
CATT

Title:
Discussion on DL beam correspondence
Agenda Item:
9.6
Document for:
Discussion and Decision

1. Introduction
Analog beamforming was introduced in Rel.15 to meet the data rate, latency and reliability requirement of NR, especially in FR2. Beam correspondence is considered beneficial to mitigate the large system overhead and latency that may arise due to analog beamforming. Whether beam correspondence should be mandatory or optional was rigorously discussed in a joint RAN1/RAN4 session in Spokane. This contribution presents our views on this issue.  
2. Discussion
Beamforming over a large number of antennas is critical to mitigate severe channel attenuation in FR2. In order to avoid various implementation constraints associated with digital beamforming, analog beamforming as an simpler alternative received much interests and was standardized in Rel.15 through a slew of enabling features. Due to the inherent nature of TDM-multiplexing of analog beams, a non-trial overhead and latency can be observed when beam selection in one link direction (e.g. DL or UL) is achieved through measurement in the same link.
In the UL, beamforming method varies depending on whether DL/UL beam correspondence is supported. 

· For a UE without beam correspondence, the UE needs to send multiple beamformed SRS toward different angles. gNB measures the set of UL beams, selects the optimal one for future data transmission and indicates the selected beam to UE through RRC parameter “SpatialRelationInfo”. This process often results in a large system overhead due to multiple SRS transmission, and non-trivial latency due to beam sweeping and beam indication through RRC. Furthermore, Rel.15 specification supports at most two UL beams per RRC configuration; therefore if UL beam adaptation becomes necessary, a new beam sweeping and RRC reconfiguration is required, which further exacerbate the overhead/latency. Note that flexible beam adaptation is critical for FR2 as narrow analog beams can be often blocked due to UE movement.
· In contract, a UE capable of beam correspondence can simply use the DL beam measured a DL RS (e.g. SSB or CSI-RS) for UL transmission (PUCCH/PUSCH/SRS). As UE moves around, the UL beam is dynamically adapted based on the tracked DL beam, hence more robust again beam blockage. This also eliminates multiple procedures in direct UL beam measurement and makes the entire beamforming process much more time-efficient. This can be very important for delay sensitive application such as V2X, industrial URLLC and VR. 
Note that beam correspondence also simplifies network implementation as well. As network definitively knows that an UL signal will come from the same beam direction as the associated DL signal, the need of UL beam sweeping at gNB can be obviated. This further reduces the latency and complexity in NR.
Although the above discussion is in the context of UE in RRC_CONNECTED mode, such benefits can be similarly reaped in initial access in RRC_IDLE mode where similar procedures are applied in SSB/RACH.  Furthermore, it would be desirable if all UE have the same DL/UL beam corresponding capability, as otherwise network would have to assume the presence of non-beam-correspondence UE and design the system based on the worst case scenario. 
3. Discussion
In this contribution we presented our views DL/UL beam correspondence. Our understanding is that DL/UL beam correspondence is important to ensure low system overhead, latency, complexity and flexibility in NR operation in FR2, and it is beneficial to have this feature mandatory from the first NR release. Hence from our perspective it is desirable to have this feature mandatory. 
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