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Introduction
In RAN1#87ah-NR, the following agreements were made:
Working assupmtions:
Support at least one of these two alternatives of beam reporting:
· Alt.1:
· UE reports information about TRP Tx Beam(s) that can be received using selected UE Rx beam set(s).  
· where a Rx beam set refers to a set of UE Rx beams that are used for receiving a DL signal
· Note: It is UE implementation issues on how to construct the Rx beam set.  
· One example: each of Rx beam in a UE Rx beam set corresponds to a selected Rx beam in each panel.
· For UEs with more than one UE Rx beam sets, the UE can report TRP Tx Beam(s) and an identifier of the associated UE Rx beam set per reported TX beam
· NOTE: Different TRP Tx beams reported for the same Rx beam set can be received simultaneously at the UE.
· NOTE: Different TRP TX beams reported for different UE Rx beam set may not be possible to be received simultaneously at the UE
· Alt.2:
· UE reports information about TRP Tx Beam(s) per UE antenna group basis
· where UE antenna group refers to receive UE antenna panel or subarray 
· For UEs with more than one UE antenna group, the UE can report TRP Tx Beam(s) and an identifier of the associated UE antenna group per reported TX beam
· NOTE: Different TX beams reported for different antenna groups can be received simultaneously at the UE.
· NOTE: Different TX beams reported for the same UE antenna group may not be possible to be received simultaneously at the UE
· FFS: How UE antenna group or Rx beam set is captured in the specification

Agreements:
· NR-PDCCH transmission supports robustness against beam pair link blocking
· UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously, where
· M≥1. Maximum value of M may depend at least on UE capability.
· FFS: UE may choose at least one beam out of M for NR-PDCCH reception
· UE can be configured to monitor NR-PDCCH on different beam pair link(s) in different NR-PDCCH OFDM symbols
· FFS: NR-PDCCH on one beam pair link is monitored with shorter duty cycle than other beam pair link(s). 
· FFS: time granularity of configuration, e.g. slot level configuration, symbol level configuration
· FFS: Note that this configuration applies to scenario where UE may not have multiple RF chains

In this contribution, we discuss an example use case for beam set/group reporting in the context of establishing multiple beam pair links (BPLs) for NR-PDCCH robustness, as in the 2nd agreement. We compare Alt.1 and Alt.2 in the 1st agreement by way of an example, and observe that Alt.2 provides more flexibility on the gNB side for multi-BPL operation, and may result in lower overhead.
[bookmark: _Ref178064866]Discussion
As we discuss in our overview of beam management in [1], for longer data sessions it can be beneficial to establish and maintain two or more beam pair links (BPLs) for NR-PDCCH robustness against blocking (as in 2nd agreement above) as well as optimization of NR-PDSCH performance, e.g., D-MIMO. A BPL is a radio link described by a pair of beams, one at the gNB Tx side and the other at the UE Rx side. In some cases, a UE can receive data/control on only one BPL at a given time instant, for example if it has only a single antenna panel with analog beamforming capability. However, if the UE is equipped with two or more antenna panels, each with its own TXRUs, it may be possible to utilize two or more BPLs simultaneously for NR-PDCCH and/or NR-PDSCH reception. Since the gNB is in control of the setup and maintenance of beam pair links through appropriate configuration of measurement signals (multiple CSI-RS resources), it is beneficial for the UE to indicate in its measurement reports which gNB Tx beams can potentially be received simultaneously at the UE, e.g., on different antenna panels. In the 1st agreement above, two alternatives are listed (Alt.1 and Alt.2) for enabling multi-BPL operation through grouping of measurement reports corresponding to different Tx beams. There are subtle differences between these two alternatives, and we discuss those here. We find that Alt.2 offers more flexibility to the gNB for enabling multi-BPL operation.
[bookmark: _Toc474146617]There are cases when beam reporting per beam set or per beam group (Alt.1 and Alt.2) need not be configured as it depends on UE capability. Additionally, we don’t see any motivation for using this for single BPL (M=1) operation.
We discuss the two alternatives by way of an example. We consider two tightly synchronized TRPs, e.g., connected to a common baseband. We assume that the gNB configures the UE to measure on 12 CSI-RS resources, and the network choose to transmit 6 from each TRP. Each CSI-RS resource is beamformed differently, corresponding to the 6 TRP Tx beams per TRP shown in Figure 1 and Figure 2. Given the tight synchronization, the UE need not know from which TRP a given CSI-RS resource is transmitted. The UE is aware only of a resource indicator associated with each CSI-RS resource, and it performs measurements on a per-resource basis.
We assume that each TRP consists of a single antenna panel employing analog beamforming; hence, only one Tx beam may be active at a time from each TRP. The UE is equipped with two antenna panels, each with one or more TXRUs per panel. Hence the UE is capable of simultaneous reception and measurement on two different BPLs corresponding to the two different panels. The UE measures RSRP corresponding to each of the 12 CSI-RS resources and for each resource, it tries 3 different Rx beams per panel. Hence, the UE performs a total of 72 RSRP measurements and reports measured CSI-RSRP on the top-N beam pairs, where N = 4 in this example. The UE remembers the best Rx beam and panel used for each of the top-N RSRPs.
Let the top-4 measured RSRPs be as shown in Table 1, where the CSI-RS resource indicators (CRIs) correspond to the TRP beam numbers shown in Figure 1 and Figure 2. Note that only the gNB is aware of the beam-to-CRI mapping.
[bookmark: _Ref474084228]Table 1: Top-4 measured RSRPs and corresponding Tx beams (CRIs)
	CRI
	RSRP

	4
	12 dB

	10
	10 dB

	3
	8 dB

	5
	7 dB



From the gNB perspective, it is beneficial to know which of the Tx beams (corresponding to the reported CRIs) can be used simultaneously. It is not necessary for the UE to report the Rx beam explicitly, since it is highly implementation dependent whether or not two different Rx beams can be used simultaneously. Instead, the measurement reports can be grouped in such a way to provide the gNB with sufficient information for enabling multi-BPL operation. The agreement above lists two alternative for the grouping.
Set Definition (Alt.1)
According to Alt.1 in the agreement, the RSRP measurement reports for beam pairs are put into sets and set indicator(s) are included in the measurement report(s). The definition of a set is that reported Tx beams contained in the same set can be received simultaneously at the UE, e.g., the corresponding Rx beams are from different panels.
Group Definition (Alt.2)
According to Alt.2, the RSRP measurement reports for beam pairs are put into groups and a group indicator is included in the measurement report(s). The definition of a group is that reported Tx beams contained in the same group may not be possible to be received simultaneously at the UE, e.g., the corresponding Rx beams are from the same panel.
Set-based Reporting (Alt.1)
Figure 1 is used to describe set-based reporting. The beam pairs corresponding to the top-4 RSRPs in Table 1 are shown by dashed lines. Fundamentally, for each CRI (Tx beam) there are two possibilities for forming a set, resulting in a total of 4 unique sets. For example, Tx beam 4 could be put into a set with Tx beam 10 or Tx beam 3. In either of these two possibilities, the Tx beams could be received simultaneously at the UE. In principle, the UE could include two set indicators for every CRI in its measurement report. In order to avoid such additional overhead, the UE should make a selection between the two possibilities and signal only a single set indicator for each CRI in its measurement report.
Figure 1 indicates an example of how the UE could choose to form 2 different sets. The red dashed lines indicate the first set containing Tx beams 4 and 10 which can be received simultaneously. The green dashed lines indicate a second set containing Tx beams 3 and 5 which can be received simultaneously. The measurement report provided to the gNB would then look like what is shown in Table 2.
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[bookmark: _Ref474082468][bookmark: _Ref474093513]Figure 1: Beam set reporting

[bookmark: _Ref474095741]Table 2: UE measurement report for set-based reporting
	CRI
	RSRP
	Set Indicators

	4
	12 dB
	1

	10
	10 dB
	1

	3
	8 dB
	2

	5
	7 dB
	2



Based on this measurement report, the gNB is able to establish and maintain two or more BPLs for data and/or control, and it has enough information to know which two BPLs can be used simultaneously. It could use the Tx beams in Set 1 simultaneously or the Tx beams in Set 2 simultaneously. Unfortunately, however, the gNB is not provided with enough information to know whether or not it can use Tx beams from two different sets simultaneously, e.g., Tx beams 4 and 3. This is a consequence of the UE not reporting all set possibilities in order to save overhead. 
Group-based Reporting (Alt.2)
Figure 2 is used to describe group-based reporting. With group-based reporting, the UE forms a groups of Tx beams contained that may not be possible to be received simultaneously at the UE, e.g., the corresponding Rx beams are from the same panel at the UE. In contrast to Alt.1, the UE does not need to make a selection amongst possibilities to reduce overhead, since the number of groups is equal to the number of UE panels, which is foreseen to be small. The red dashed lines indicate the first group containing Tx beams 4 and 5 corresponding to the first UE antenna panel, and thus cannot be received simultaneously. The green dashed lines indicate a second group containing Tx beams 3 and 10 corresponding to the second UE antenna panel and thus cannot be received simultaneously. The measurement report provided to the gNB would then look like what is shown in Table 2.
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[bookmark: _Ref474082472]Figure 2: Beam group reporting including beam group IDs
Table 2: UE measurement report for group-based reporting
	CRI
	RSRP
	Group Indicators

	4
	12 dB
	1

	10
	10 dB
	2

	3
	8 dB
	2

	5
	7 dB
	1



Group-based reporting offers the gNB more flexibility in selecting which pair of Tx beams can be used simultaneously. Due to the grouping, the gNB knows that Tx beams in different groups can be received simultaneously. Hence, it can select amongst all 4 possible pairs of Tx beams. Specifically, the gNB can decide to use Tx beam 4/10, 4/3, 5/3, or 5/10 simultaneously. It is not restricted to use 4/10 or 5/3 only as in Alt.1. In order for Alt.1 to have the same flexibility as Alt.2, 4 different sets would be needed in Alt.1, and two sets indicators would be needed per CRI. Hence the overhead would be 4 times higher in this example. Other scenarios could lead to even a larger difference in overhead.
[bookmark: _Toc474146618]For the same amount of overhead, group-based reporting (Alt.2) offers the gNB more flexibility than set-based reporting (Alt.1) in selecting amongst Tx beams that may be received simultaneously at the UE.
[bookmark: _Toc474146619]Set- and group-based reporting can offer the gNB the same flexibility in selecting amongst Tx beams that may be received simultaneously at the UE; however, for equal flexibility, the feedback overhead for set-based reporting (Alt.1) is larger than group-based reporting (Alt.2).
Based on these observations, we propose that a down-selection be made amongst Alt.1 and Alt.2, such that NR supports only group-based reporting.
[bookmark: _Toc474098849][bookmark: _Toc474146621]NR supports only group-based reporting (Alt.2), not set-based reporting (Alt.1).
Conclusions
In this contribution we made the following observations:
Observation 1	There are cases when beam reporting per beam set or per beam group (Alt.1 and Alt.2) need not be configured as it depends on UE capability. Additionally, we don’t see any motivation for using this for single BPL (M=1) operation.
Observation 2	For the same amount of overhead, group-based reporting (Alt.2) offers the gNB more flexibility than set-based reporting (Alt.1) in selecting amongst Tx beams that may be received simultaneously at the UE.
Observation 3	Set- and group-based reporting can offer the gNB the same flexibility in selecting amongst Tx beams that may be received simultaneously at the UE; however, for equal flexibility, the feedback overhead for set-based reporting (Alt.1) is larger than group-based reporting (Alt.2).

Based on these observations we propose the following:
Proposal 1	NR supports only group-based reporting (Alt.2), not set-based reporting (Alt.1).

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref474080629]R1-1702674, “Beam management overview,” Ericsson, February 2017.
	1/5	
image1.png




image2.png
Beam Group ID 2





