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Discussion and Decision
1
Introduction
The following working assumptions related to beam grouping have been agreed in RAN1#AH:

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
In this contribution, a special focus is given for a network based and UE based beam grouping schemes and related signalling aspects. 

2
Motivation

In RAN1#86 and RAN1#86bis meetings,  three different downlink L1/L2 beam management procedures, i.e. P1-P3, have been agreed to be supported in NR when UE is in RRC connected mode. Furthermore, it was agreed that a beam reporting related to P1-P3 is based on  L1/L2 signaling. The main target of a procedure P1 is to enable TX beam measurements and indentification over different TRPs as well as UE RX/TX beam training. The objective of P2 is to enable TX beam switch based on UE measurements over different TX beams associated with a TRP or inter-TRPs with corresponding beam feedback reports. In comparison to P2, P3 enables UE RX beam refinement on TX beams associated with same TRP without any beam report. By leveraging of beam grouping scheme as described in our earlier contribution [2], receiver based beam groupping feedback information is provided to gNB. As a result of this,  a scheduling flexibility of gNB can be enhanced by having more degrees of freedom in performing scheduling decisions and utilizing resources more effectively with respect to without beam group feedback. Due to enhanced scheduling flexibility with beam grouping, beam management robustness against e,g. beam blockage, UE rotation and movement can be significantly enhanced. 

Observation 1: UE based beam grouping can increase the robustness of downlink beam management procedures P1-P3 against beam blockage, UE rotation and movement.  
Proposal 1:  To enable robust DL beam management procedures P1-P3, NR needs to support UE based beam grouping. 
3
Network Based Beam Grouping 

To enhance the utilization of a periodical cell-specific CSI-RS based DL beam management P1, an assistance information related to the a set of downlink TX beams in the spatial domain can be signalled to a UE e.g. as a part of SS-block shown in Figure 2. The spatial characteristics of downlink TX beams associated with a sweeping sub-frame can define a network based TX beam group. By exploiting the TX beam group information provided by a network, UE can generate groupping of DL beams and use generated groupping for its RX and/or TX beamformer training. Therefore, UE is able to perform more reliable and efficient training of a RX beamformer compared to a situation without any a priori information. Additionaly, the network based grouping can lead to improved reduced computational complexity related beam aquisation at UE-side and reduced beam feedback overhead. Furthermore, by using network based beam grouping, different hierarchical DL TX beam sweeping schemes can be enabled flexible way with reduced signalling overhead. 
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Figure 1. An example of beam training assistance information as a part of SS-block.
Observation 2: The exploitation of assistance information related to TX beam groupping can reduce latency, computational complexity and feedback overhead as well as enhance the capability of UE beamformer training.

Observation 3:  Network based beam grouping can be enable different hierarchical DL TX beam sweeping schemes in flexible way with reduced signaling overhead.
Observation 4: Network based beam grouping does not require feedback from UE-side. 

Figure 2 provides an example of UE RX beamformer training with TX beam groupping assistance information associated with downlink beams in azimuth and elevation domains. Here, different small circle line types (continuous, dash, dot) indicate downlink beams transmitted in the same SS-block, and large circles indicate RX beams. DL beams #1, #7, #3 form the first spatial group, beams #13, #9, #15 form the second, and beams #3,#16, #5 form the third one. By using this information, the UE has awareness of the DL TX beams for which the UE could utilize the same (or close) RX beams. Here, beam training for RX beam#1 exploit the first cluster, the beam training for RX beam#2 exploits the second TX beam group, and the beam training for RX beam#4 exploits the third TX beam group.  
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Figure 2. An example of UE RX beamformer training with assistance information. Different small circle line types (solid) indicate TX beams transmitted in the same SS-block. RX beams are marked with large circles. 
Proposal 2: To enhance UE RX/TX beam training and reduce beam aquisation complexity as well as reduce beam feedback signaling overhead,  network based beam grouping and related TX beam group assistance information signaling need to be supported.
4
UE Based Beam Grouping
To reduce system overhead and complexity related to beam detection, selection and feedback signalling, it is reasonable to leverage beam reciprocity between uplink and downlink beams as much as possible in NR system. To exploit beam reciprocity, it is assumed that the number of TXRU chains is the same for uplink and downlink at UE side. Furthermore, it is also assumed that the TX and RX chains associated with antenna arrays are calibrated with each others. 
From a network perspective to guarantee flexible beam management in NR system, it is important to design physical layer procedures for beam detection and selection at UE to be transparent with respect to the actual implementation of TX and RX beamforming at the UE side. 
4.1
On Beam Grouping
To enhance robustness downlink beam management against e.g. beam blockage, UE rotation, etc., it is reasonable to consider the concept of a receiver based beam grouping.  A beam group is a collection of downlink TX beams indices associated with a set of RX beams. In each beam group, there can be N-best downlink TX logical beam indices (BI)s according to a selected criterion. Here, the logical beam index is defined as: BI = antenna_port_index*sweep_block_symbol_index.  As a result of the definition of beam group, actual implementation of RX/TX beams can be made transparent for a network.
Observation 5: UE based beam grouping enables to make actual implementation of RX/TX beams transparent for a network. 
From a network perspective, to enhance scheduling flexibility in different deployments scenarios, it is beneficial for the base station to be aware of multiple user specific beam groups that are reported for it. As a result of this, a scheduler will have more degrees of freedom in performing scheduling decisions and utilizing resources more effectively. Naturally, trade-offs between signaling overhead and scheduling flexibility needs to be taken into account for feedback signaling overhead while defining the exact parameterization needed for the NR system. 
Observation 6: By enabling multiple user specific beam groups to be detected at UE and reported to a base station, scheduling flexibility can be enhanced in the NR system. 
4.2
On Feedback Signaling 

In this section, different aspects of UE feedback signalling are considered. 
Table 1 provides a summary of working assumptions for UE beam grouping reporting agreed in RAN1#AH. As can be observed, the difference between two reporting alternatives is relativily  small. In principal, the main difference between the operation of alternatives, i.e. Alt-1 Alt-2,  is on multi-TX beam reception capability at UE-side resulting in differences in UE reporing. More specifically, the Alt-1 assumes TX beam reception to be associated with a RX beam set, where the RX beam set defines the set of RX beams associated with the set of RX antenna panel(s)/port(s) being same or different. By default, indentified TX beams being in same RX beam set are assumed to be received simultaneously in Alt-1. However, different indentifed TX beams belonging into in different RX beam sets may not be received simultanously. In other words, simultaneous multi-beam reception capability between different RX beam sets depends on simultaneous multi-panel reception capability at UE-side. In comparison with Alt-1, Alt-2 assumes by default different TX beams being in different antenna groups to be received simultaneously. In other words, UE can be assumed to have simultaneous multi-RX panel reception capability by default over different antenna groups. On the other hand, due to tight association of antenna group to an antenna panel, different TX beams being in same antenna group may not to be received simultaneously.
Observation 7: Main difference between the operation of beam reporting alternatives, i.e. Alt-1 Alt-2,  is on simultaneous TX beam reception capability at UE-side resulting in differences in UE reporting.  
Table 1 Summary of beam grouping reporting alternatives according to RAN1#87-AH.
	UE beam reporting Alternatives
	Reception of TX Beams
	UE Reporting

	Alt-1 
	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 issue 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 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 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
	TRP TX beams(per) UE antenna group basis, where UE antenna group refers to receive UE antenna panel or subarray (mapped directly to antenna panel). Direct mapping of UE beam group to antenna panel. 

	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.


Figure 4 shows an example of Alt-1 and Alt-2 TX beam reporting schemes. Here, it is assumed that RX beam set m is defined over receive antenna panels/ports 1 and 2 using one RX beam per panel/port and having capability for simultaneous reception. With respect to the RX beam set m, RX beam set p is defined to cover only panel/port 2 with single RX beam. Since UE can flexibly configure different RX beam sets up to the number of RX beam sets, Alt-1 can enhance configuration flexibility of different UE implementation specific reception and beam reporting configurations. In comparison with Alt-1, in Alt-2 different antenna groups are more tighly coupled with actual antenna panels. As mentioned, in Alt-2 feedback is determined as antenna panel specific. Therefore, for Alt-2 different reception and feedback configurations are less flexible with respect to Alt-1.
Observation 8:  In comparison with Alt-1, Alt-2 can provide less flexibility in terms of different reception and beam reporting configurations. 
In general, the capability of receiving simultaneously multiple TX beams at UE-side can be seen as vendor specific implementation issue as well as the generation of RX beam sets. However, to enable a network to utilize effectively multi-TX beam reception capability at UE-side, network needs to be aware of UE capability to receive multiple TX beams simultaneously from single or multiple TRPs. Therefore, this information needs to be signalled to network to be leveraged in the context of TX beam switch and MIMO operation modes (spatial multiplexing and diversity based)  transmission in single and multi-TRP scenarios. To support this functionality, the specification needs to define an upper bound for the number of different RX beam sets as well as feedback needs to contain information about the capability to simultaneously use multiple RX beam sets.
Observation 9:  Simultanous multi-TX reception capability can be seen as UE vendor specific implementation issue. 

Observation 10:  To enable a network to utilize effectively the simultaneous multi-reception capability of UE, the network needs to be aware of the capability to simultaneously use multiple RX beam sets. 
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Figure 4 An example of different beam reporting schemes Alt-1 (left) and Alt-2(right).  

To avoid excessive feedback signalling overhead, beam selection needs to be performed as a part of the beam detection process at the UE side. A criterion for beam selection needs be defined such that it enables the identification of the N-“best” logical TX beams per RX beam set which provide the highest quality measurements or similar parameter. The TX beams with the highest quality may be determined according to the strength of the received signal level, by the number of detected beams above a certain threshold, or by grouping the beams according the utilized received beamforming at the  UE-side. Additionally, the beam selection criterion may define a threshold minimum under which the UE would not include that result in its feedback report.
Observation 11: Beams per RX beam set includes N-“best” beams according to a criterion, e.g., signal strength/quality.  
UE computes a beam feedback report per RX beam set for a network. The beam report includes N * (logical beam index + (strength and/or quality)) + RX beam set ID and capability to simultaneously use multiple RX beam sets having signal quality or signal strength above some threshold (or alternatively the N-best beams).  
Due to RX beamset based beam grouping, only RX beam set ID need to be signalled in downlink or uplink grant to enable awareness of potential beam combination in downlink and uplink. As a result of this, signalling overhead related to beam indication can be reduced. 

Observation12: By using RX beam set based UE beam grouping, signalling overheads related to beam report as well as downlink/uplink beam indication can be reduced.  Furthermore, due to  the nature of UE based beam grouping, i.e. several TX beams observed with a single or set of RX beam(s), overall beam based operation can be relaxed. 

Proposal 3: Support UE based RX beam set based processing and reporting to enable transparent UE beam detection and selection for a network with respect to actual implementation of beamforming at UE-side.
Proposal 4:  Simultaneous multi-TX beam reception capability at UE-side is vendor specific implementation issue and need to be signalled to network. 

Proposal 5:  To enable specification support multi-TX beam reception for RX beam set based feedback, feedback information needs to include the capability to simultaneously use multiple RX beam sets. 

Proposal 6: Support RX beam set based UE beam group feedback where each beam group can consists of N-“best” beams determined either by the strength of signal level and by number of detected beams above a certain threshold. 
Proposal 7: Support feedback signalling report for each beam group that consists of logical beam indice(s), strength/quality information, beam group index and capability to simultaneously use multiple RX beam sets. 
Proposal 8: Support signalling of RX beam set ID as a part of downlink and uplink grants.
5
Conclusions
In this contribution, the different aspects of network and UE based beam grouping for NR system at higher carrier frequencies have been considered. 
Based on the discussions, the following observations have been made:

Observation 1: UE based beam grouping can increase the robustness of downlink beam management procedures P1-P3 against beam blockage, UE rotation and movement.  
Observation 2: The exploitation of assistance information related to TX beam groupping can reduce latency, computational complexity and feedback overhead as well as enhance the capability of UE beamformer training.

Observation 3:  Network based beam grouping can be enable different hierarchical DL TX beam sweeping schemes in flexible way with reduced signaling overhead. 
Observation 4: Network based beam grouping does not require feedback from UE-side. 

Observation 5: UE based beam grouping enables to make actual implementation of RX/TX beams transparent for a network. 
Observation 6: By enabling multiple user specific beam groups to be detected at UE and reported to a base station, scheduling flexibility can be enhanced in the NR system. 
Observation 7: Main difference between the operation of beam reporting alternatives, i.e. Alt-1 Alt-2,  is on simultaneous TX beam reception capability at UE-side resulting in differences in UE reporting.  

Observation 8:  In comparison with Alt-1, Alt-2 can provide less flexibility in terms of different reception and beam reporting configurations. 

Observation 9:  Simultanous multi-TX reception capability can be seen as UE vendor specific implementation issue. 

Observation 10:  To enable a network to utilize effectively the simultaneous multi-reception capability of UE, the network needs to be aware of the capability to simultaneously use multiple RX beam sets. 

Observation 11: Beams per RX beam set includes N-“best” beams according to a criterion, e.g., signal strength/quality.  
Observation12: By using RX beam set based UE beam grouping, signalling overheads related to beam report as well as downlink/uplink beam indication can be reduced.  Furthermore, due to  the nature of UE based beam grouping, i.e. several TX beams observed with a single or set of RX beam(s), overall beam based operation can be relaxed. 

Based on the dicussions, the following proposals have been made:

Proposal 1:  To enable robust DL beam management procedures P1-P3, NR needs to support UE based beam grouping. 
Proposal 2: To enhance UE RX/TX beam training and reduce beam aquisation complexity as well as reduce beam feedback signaling overhead,  network based beam grouping and related TX beam group assistance information signaling need to be supported.

Proposal 3: Support UE based RX beam set based processing and reporting to enable transparent UE beam detection and selection for a network with respect to actual implementation of beamforming at UE-side.

Proposal 4:  Simultaneous multi-TX beam reception capability at UE-side is vendor specific implementation issue and need to be signalled to network. 

Proposal 4:  Simultaneous multi-TX beam reception capability at UE-side is vendor specific implementation issue and need to be signalled to network. 

Proposal 5:  To enable specification support multi-TX beam reception for RX beam set based feedback, feedback information needs to include the capability to simultaneously use multiple RX beam sets. 

Proposal 6: Support RX beam set based UE beam group feedback where each beam group can consists of N-“best” beams determined either by the strength of signal level and by number of detected beams above a certain threshold. 
Proposal 7: Support feedback signalling report for each beam group that consists of logical beam indice(s), strength/quality information, beam group index and capability to simultaneously use multiple RX beam sets. 

Proposal 8: Support signalling of RX beam set ID as a part of downlink and uplink grants.
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