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1. Background
Optional/mandatory decision for UE feature 2-20 (beam correspondence) is one of the remaining issues for Rel-15 NR UE feature. Currently, it was agreed to down-select one from the two options; 
· Opt1: ‘Optional with UE capability’ 
· Opt2: ‘Mandatory with UE capability’
2. Discussions on beam correspondence
The main benefit from Opt2 is that gNB implementation can be simplified because all UEs in the network will meet the BC(beam correspondence) requirement so that gNB can manage UL beam by using DL RS only [1]. However, we should keep in mind that Opt2 can seriously restrict UE implementation and forward compatibility. Especially, NR targets a variety of services and use cases such as factory IoT, massive MTC, V2X, drone communication as well as eMBB, and therefore, NR UE characteristics are quite diversified such as vehicle, drone, IoT, relay as well as conventional handheld devices. Considering various UE types and implementations, mandating beam correspondence for all UEs will restrict ourselves in terms of NR’s business scope. We should note that we haven’t mandate LTE UEs to meet the “channel reciprocity”, thus LTE UE implementation has had freedom of antennas and RF structure for Tx and Rx (e.g. adding more Rx antennas than Tx antennas for improving DL performance).
Observation 1: Mandating beam correspondence can seriously restrict NR’s business scope via limiting UE implementation flexibility.
The beam correspondence test method being made by RAN4 is only applicable to the UEs having a same set of antennas act as both Tx and Rx, and a same set of RF chains for both Tx and Rx. In real UE implementations, however, it has been a common way to add more Rx antennas than Tx antennas for improving DL reception performance (e.g. max. 4 DL layer reception + 2 UL layer transmission capable UE). Even in FR2, it is a possible implementation to attach additional Rx-only antenna(s) or panel for DL performance (throughput and/or reliability). NR UE feature 2-55(SRS Tx switch) clearly describes that NR supports UEs whose Tx antennas and Rx antennas are not same such that 1T4R, 2T4R, etc. In addition, the UE feature 2-55 also includes UEs that does not support SRS Tx switch, which means that the set of Tx antennas and the set of Rx antennas can be totally independent for some UEs (Note that the UEs having the same set of Tx/Rx antennas are noted separately as “xT=xR” in the feature). For those UEs, it is not feasible to do the BC test and meet the BC requirement regardless of the details of BC test method being discussed in RAN4. In addition, as Apple pointed out in [2], there is a possibility that RAN4 can change BC test methodology in later releases. Thus, it is very dangerous for UE vendors if BC is decided as mandatory, given the fact that a mandatory feature cannot be changed into an optional feature in later releases, typically.
Observation 2: The BC test being defined by RAN4 is not applicable to the UEs having different set of Tx antennas and Rx antennas (e.g. 1T4R, 2T4R, ‘not supported’ for component 1 of UE feature 2-55). In addition, the BC test methodology can be changed in later releases. 
It seems that RAN4 already recognize that the BC test is only applicable to the UEs holding BC, as seen by the working agreement made in RAN4#88bis [3] captured below. For non-BC UEs, the BC test will be skipped. 

	Open issues to be resolved in #89
· The following open issues need to be addressed in RAN4 #89:

· DL measurement signals 

· If DL measurement signals need to specify in RAN4 or RAN5 specifications

· Which DL measurement signals (SSB and/or CSI-RS) should be specified 

· SRS

· whether clarification on SRS configuration used in the BC test is needed in RAN4 or RAN5 specs

· A clarification on polarization of DL signals used by TE should be included in a recommendation to RAN5

· If the above open issues are solved, the texts in the next slide should be captured in 38.101-2.

<texts in the next slide>
UEs which support beam correspondence shall have the ability to select a corresponding beam for UL transmission based on DL measurements without relying on network-assisted UL beam refinement.
For power class 3 UEs which support beam correspondence, the requirement is fulfilled if the UE’s corresponding UL beams satisfy the minimum peak EIRP according to Table 6.2.1.3-1 and spherical coverage requirements according to Table 6.2.1.3-3.
· Which requirement needs to be specified for PC1, PC2 and PC4


In addition, throughout NR SI and WI phases, RAN1 has assumed that some UEs cannot meet the BC requirement. Some relevant RAN1 agreements are captured below:

	RAN1#86bis

Working assumption:

· The followings are defined as Tx/Rx beam correspondence at TRP and UE :
· Tx/Rx beam correspondence at TRP holds if at least one of the following is satisfied:

· TRP is able to determine a TRP Rx beam for the uplink reception based on UE’s downlink measurement on TRP’s one or more Tx beams.

· TRP is able to determine a TRP Tx beam for the downlink transmission based on TRP’s uplink measurement on TRP’s one or more Rx beams
· Tx/Rx beam correspondence at UE holds if at least one of the following is satisfied: 

· UE is able to determine a UE Tx beam for the uplink transmission based on UE’s downlink measurement on UE’s one or more Rx beams.

· UE is able to determine a UE Rx beam for the downlink reception based on TRP’s indication based on uplink measurement on UE’s one or more Tx beams.
· More refined definition can still be discussed
RAN1#87

Agreements:
· Companies are encouraged to refine the definition of beam correspondence, if necessary 

· Note: whether or not to introduce this definition in NR is a separate topic

· Under the refined definition of beam correspondence (if any), study whether or not mechanism(s) for determining UE’s beam correspondence is needed. 

· the study may consider the following aspects - 

· e.g. metrics to be considered SNR/Power (beam-quality), CSI, and others
· e.g. values of the metrics at which beam correspondence is declared
· e.g., complexity/overhead 
· e.g., possibility of supporting reporting to the gNB about beam correspondence at the UE
RAN1-1701AH

Agreements:
· For the definition of beam correspondence:

· Confirm the previous working assumption of the definition

· Note: this definition/terminology is for convenience of discussion

· The detailed performance conditions are up to RAN4

· Support capability indication of UE beam correspondence related information to TRP
· FFS details including capability definition,  case(s) (if any) when the indication is not necessary

RAN1#89

Agreements:
· When UE beam correspondence is not hold, 

· NR supports a UL RS indication for a configured SRS resource, where UE transmits the SRS using the beam used for transmitting the indicated UL RS

· The UL RS indication can be SRI (SRS resource indicator), at least

· FFS: The indication via MAC CE and/or DCI

Agreements:
· When UE beam correspondence holds,
· NR supports the indication for a configured SRS resource, where the transmission of the SRS resource is performed with the same spatial filtering as the one used for the reception of the indicated DL RS

· The indication can be based on CSI-RS resource, 

· FFS: signaling details (e.g., a low overhead mechanism, reciprocal QCL (if supported))
· FFS: The indication via MAC CE and/or DCI

· NR supports a UL RS indication for a configured SRS resource, where UE transmits the SRS using the beam used for transmitting the indicated UL RS

· The UL RS indication can be SRI (SRS resource indicator), at least

· FFS: The indication via MAC CE and/or DCI




Especially in RAN1-1701AH, there was an agreement on supporting capability indication of UE beam correspondence information to TRP. In later RAN1 meetings, RAN1 design has been completed for non-BC UEs as well as BC UEs as captured above. 
Observation 3: RAN1 has completed its design for non-BC UEs as well as BC UEs based on agreements for supporting UE BC capability reporting. 
In conclusion, all NR specifications are well ready for supporting non-BC UEs and there is no reason to limit our business scope and to sacrifice performance and implementation flexibility for “simplification”. 
Proposal: UE feature 2-20(beam correspondence) should be optional with UE capability. 
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