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Introduction
In release 17 [2], multi-beam operation is being enhanced to support more efficient (i.e. lower latency and lower overhead) beam management targeting scenarios with higher speed UEs (e.g. High Speed Trains and Highways), and a larger number of configured TCI states. Multi-beam operation is also being enhanced to facilitate uplink panel selection considering coverage loss mitigation for MPE. In release 17, multi-beam enhancements are focusing on [1]:
· Unified TCI Framework for DL and UL TCI states.
· L1/L2-centeric inter-cell mobility.
· Fast, dynamic TCI state update signaling.
· Fast uplink panel selection for MP-UEs.
· MPE mitigation.

In addition, advanced beam management techniques are also being considered to speed up beam measurement and reporting for improved beam tracking and beam refinement. In this document we consider additional enhancements for beam management by looking into multi-beam enhancements for:
· Group-based mobility
· Initial access
· Leveraging position measurements for multi-beam operation
Group-based beam indication
In group-based beam indication, beam indication is provided for a group of UEs. We consider two-examples:
· In the first example, a group of UEs is moving together in the same direction and at the same speed. For example, they can be UEs in a train or other transportation vehicles. As the UEs are moving together, a common beam indication (TCI state update) signalling can be used to update the TCI state for all UEs in the group. An example is shown in Figure 1, wherein a group of UEs is moving together in a bus, and beam measurement, reporting, and indication can be performed by and based on a group leader in a bus. In this example, group-based beam indication can provide benefits such as: 
1) Reduced overhead, due to fewer beam reports and fewer beam indications
2) Reduced baseband power consumption, due to beam measurements and reporting only performed by the group leader;
3) Improved reliability and reduced latency, as there is a single beam report from the group leader, higher resolution (more narrow beams) and more frequent beam reports can be supported.
Observation 1: Group-based beam indication based on group-based mobility can reduce overhead, power consumption, and latency while also improving reliability.



[bookmark: _Ref61443320]Figure 1: Group-based beam indication for group-based mobility.

· In the second example, the group of UEs is located in close proximity of each other. This is illustrated in Figure 2, wherein narrow beams with high gains are dedicated to the group of UEs (e.g., one narrow beam per UE) for receiving data and increasing system throughput. A wide beam can be used for beam indication and can be common to a group of users in close proximity. 



[bookmark: _Ref61444491]Figure 2: UE group for UEs in close proximity with a UE-group wide beam for beam indication and UE-dedicated narrow beams for dedicated traffic.

Observation 2: UE-group beam indication can utilize a wider beam for beam indication to a group of UEs in close proximity.

When the gNB transmits a UE-group beam indication, it includes a TCI state update for each UE in the group as illustrated in Figure 3. In general, however, not every UE in the group requires a TCI state update. This not only increases overhead, but also UE power consumption. One way to resolve this issue is by using a two-part beam indication (received in the same slot), as illustrated in Figure 3, wherein only the updated TCI states for  a subset of the UEs are signaled. The first part is a small payload signal (i.e. in terms of a number of payload bits) with a lower processing requirement, carrying information about UEs whose TCI state is being updated in the second part. The second part carries TCI state(s) only for UEs indicated in the first part. The first part is processed by all UEs of the UE group, while the second part only by UEs with updated TCI state(s).
Observation 3: Two-part beam indication can reduce UEs decoding complexity and air interface overhead.



[bookmark: _Ref61445996]Figure 3: Single- and two-part beam indication.

Proposal 1: For better efficiency, study the support of UE-group DCI for TCI state indication. Where the DCI format includes TCI states for a group of UEs.

Beam Acquisition During Initial Access (RACH Procedure) 
During initial access, a UE identifies a beam based on association with an SSB. The UE searches for SSBs that exceed a threshold. The UE selects an SSB that exceeds a threshold (not necessarily the SSB with largest RX power) to determine the associated PRACH Occasions (ROs) to transmit the preamble. Based on the RO of the preamble, network determines the associated SSB and uses the corresponding beam to transmit the Random Access Response (RAR), and subsequent messages, e.g. message 4. The UE after receiving the RAR, transmits message 3 using the same spatial filter as that used for the preamble. This procedure is sub-optimal in at least the following aspects:
· The UE might not select the RO corresponding to the SSB with the largest RX power. There are a few reasons for this, some might be UE implementation related, others might be related to satisfying the MPE requirement, which could prevent a UE from transmitting in the direction of the most optimum downlink beam. In either case, the network doesn’t know that the optimum downlink beam is different from that of the SSB associated with the RO of the preamble. It would be useful to convey this information to the network. For example, this information can be conveyed during the transmission of message 3.
· The beams used during initial access and until dedicated RRC configuration are based on SSB beams. These are typical coarse beams. It would be useful to allow for beam refinement during initial access and before dedicated RRC configuration, based on finer beams.

Proposal 2: Study mechanisms to improve beam management during initial access.

Positioning-Assisted Predictive Beam Management 
Beam management is a multi-step procedure. In the first step, the UE measures the channel, i.e. performs measurements on a reference signal associated with a beam, and reports the beam measurements, along with a beam indicator the to the network. In some cases, the reference signals associated with beams are aperiodic, a UE might spend a request to trigger a beam measurement reference signal, the network triggers and transmits the aperiodic reference signal before the UE can measure and report the beam metrics. When the network receives the beam metrics, it determines the beam to be used and sends a corresponding beam indication to the UE. The time between the appearance of a new multi-path and the actual communication across that multi-path includes the following:
1. Detection that a new multi-path profile can provide better performance than the existing multi-path profile.
2. Trigger and transmission of the reference signal for beam measurement.
3. Measurement and reporting by the UE of beam metrics.
4. Indication by the network of a new beam metric.

In a high-speed scenario, the time between the appearance of a new multi-path profile and its usage for communication can be large compared with the total lifetime of the multi-path profile.
Observation 4: The traditional beam management procedure of triggering a reference signal, measuring and reporting the beam metrics based on the reference signal and beam indication based on the measurements, can be a slow procedure in high speed scenarios, thus degrading performance.

To mitigate the performance degradation due to the latency of the beam management procedure, it would be beneficial to signal the beam indication ahead of time, such that as the new multi-path profile, appears, the UE would be activating a new TCI state corresponding to this multi-path profile. The new TCI state would have been signaled earlier, with an activation time, corresponding to the time of appearance of the associated multi-path profile. Indeed, in a fast beam-changing scenario, for example, as the UE is moving an RRH within a close proximity, the network can indicate a sequence of TCI states with different activation time rather than signaling each TCI state individually, thus reducing signaling overhead. For this technique to be feasible, a UE should be moving along a known trajectory (e.g. cars traveling along a high-way or users in a train moving along a track), the network can predicate future multi-path profiles and signal the corresponding TCI states to with an activation time.

Observation 5: For UEs moving along a known trajectory, network can be predicate future multi-path profiles and signal the corresponding TCI states ahead of time with an activation time. This reduces latency to switch to a new beam, and reduces beam indication overhead by signaling multiple TCI states in the same message.

Positioning information can further assist with beam management. UEs travelling through the same point in space are expected to see the same multi-path profile, especially if the UEs are traveling through the same spatial point in close time proximity. For example, in Figure 4, UE1 passes through point A. UE1 provides to the network a beam measurement report, along with its position information. UE2 is at point B. UE2 provides, its position and velocity to the network. Based on the position and the velocity of UE2 at point B, the network can estimate when UE2 will pass by point A, e.g. time . The network can provide a TCI state corresponding to the multi-path profile (based on UE1’s measurement at point A), to UE2 to be activated at time .


[bookmark: _Ref61447365]Figure 4: Positioning-Based beam management.

Observation 6: Positioning information, can assist the network in building a multi-path profile map of the coverage area that assists in determining the TCI states of UEs passing through a spatial point.
Proposal 3: Study mechanisms study predictive and positioning-assisted beam management schemes.
Conclusions
The following observations and proposals have been made regarding additional enhancements to multi-beam operation:
Observation 1: Group-based beam indication based on group-based mobility can reduce overhead, power consumption, and latency while also improving reliability.
Observation 2: UE-group beam indication can utilize a wider beam for beam indication to a group of UEs in close proximity.
Observation 3: Two-part beam indication can reduce UEs decoding complexity and air interface overhead.
Proposal 1: For better efficiency, study the support of UE-group DCI for TCI state indication. Where the DCI format includes TCI states for a group of UEs.

Proposal 2: Study mechanisms to improve beam management during initial access.

Observation 4: The traditional beam management procedure of triggering a reference signal, measuring and reporting the beam metrics based on the reference signal and beam indication based on the measurements, can be a slow procedure in high speed scenarios, thus degrading performance.
Observation 5: For UEs moving along a known trajectory, network can be predicate future multi-path profiles and signal the corresponding TCI states ahead of time with an activation time. This reduces latency to switch to a new beam, and reduces beam indication overhead by signaling multiple TCI states in the same message.
Observation 6: Positioning information, can assist the network in building a multi-path profile map of the coverage area that assists in determining the TCI states of UEs passing through a spatial point.
Proposal 3: Study mechanisms study predictive and positioning-assisted beam management schemes.
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