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Introduction
In RAN#86, a work item on “further enhancements on MIMO for NR” was approved [1]. One of the objectives of this WI is enhancement of multi-beam operation.
1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
a. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility and/or a larger number of configured TCI states:
i. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
ii. Unified TCI framework for DL and UL beam indication
iii. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
b. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection 

In this contribution, we present Samsung’s views on multi-beam enhancements. We also present our views on the evaluation assumption and performance metrics for multi-beam operation.

Overview
In Rel-15/16 a common framework is shared for CSI acquisition (more relevant in FR1) and beam management (more relevant in FR2). While the complexity of such a framework is justified for CSI in FR1, it makes beam management procedures less efficient in FR2. Efficiency here refers to the overhead associated with beam management operations and latency for reporting and indicating new beams, which in turn impact reliability.
 
Furthermore, in Rel-15 and 16, the beam management procedure can be different for different channels. For example, for PDCCH the TCI state (used for beam indication), is updated through MAC CE signaling. The TCI state of PDSCH can be updated through a DL DCI carrying the DL assignment, or follow that of the corresponding PDCCH, or assume a default TCI state. For UL, the spatialRelationInfo framework is used for beam indication for PUCCH and SRS, which is updated through RRC and MAC CE signaling. For PUSCH the SRI (SRS Resource Indicator), in an UL DCI with UL grants, can be used for beam indication. Having different beam indication/update mechanisms increases the complexity, overhead, and latency of beam management. Such drawbacks are especially troublesome for high mobility scenarios (such as highway/vehicular and HST operations at FR2) and/or scenarios requiring large number of configured TCI states. In these challenging scenarios, inefficiencies mentioned above would lead to not only loss of throughput, but also loss of connections. 

To streamline multi-beam operations and procedures, a common (unified) TCI framework for data and control for downlink and uplink channels has been identified as one of the objectives of the Rel-17 FeMIMO. This also implies enhancing the signaling mechanisms of multi-beam operations and procedures. Signaling aspects include beam indication and reporting. 

Observation 1: Rel-15/16 beam management requires enhancements especially for challenging use cases involving high mobility/speed or the use of large number of configured TCI states (which require low latency, low overhead, and high reliability) at least due to the following inefficiencies:
· Imposing a common framework for CSI acquisition (complex) and beam management (simpler).
· Separate TCI state update for data (on L1) and control (on L2) for DL and UL, with fallbacks to common TCI state update via MAC CE for DL and default beam behavior. 

 Enhancements targeting beam management efficiency
Unified TCI Framework and State
In Rel-15/16 separate beam indications can be used for data and control. This is based on the premise that different error targets for data and control necessitate separate beam indications. In fact, as the UE is located at the same location when receiving/transmitting data and UE-dedicated control, it would seem natural to use the same spatial filter (beam) when receiving data and UE-dedicated control channels, as well as when transmitting data and UE-dedicated control. Controlling the error rate targets of data and UE-dedicated control can be achieved by link adaptation and adjusting the modulation coding scheme (MCS).
Proposal 1: A common beam indication (TCI state update) is used by the UE when:
· receiving DL data and UE-dedicated DL control. 
· transmitting UL data and UL control.
When beam correspondence between DL and UL is assumed, a joint TCI state can be used by the UE for DL reception and UL transmission. Alternatively, if beam correspondence is not assumed, separate TCI states can be used for DL reception and UL transmission. In fact, we can envision a unified TCI (beam indication) for DL and UL channels as illustrated in Fig. 1. There are  DL reference signals (RS) and  UL RS that can be used as a source reference signal to identify a beam, for the purpose of beam indication.
· When beam correspondence is assumed any of the  DL RS or  UL RS can be used as a source RS for a joint TCI state for DL and UL.
· When beam correspondence is not assumed, the  DL RS can be used as a source RS for DL TCI state. The  UL RS can be used as a source RS for UL TCI state.

Proposal 2: When beam correspondence is assumed between DL and UL transmissions, a unified beam indication framework indicates a joint TCI state for DL and UL. When beam correspondence is not assumed between DL and UL transmissions, a unified beam indication framework indicates a DL TCI state separate from an UL TCI state.



[bookmark: _Ref47338788]Figure 1: Unified beam indication framework for DL and UL channels.

For carrier aggregation, the following enhancements can be considered. 
When the distance (in the frequency domain) between a subset of CCs is small, the common beam indication framework can be extended to the subset of CCs, i.e., a single (common) beam update is used for all CCs in the subset of CCs. Such common beam indication can reduce signaling overhead. 
This can also be extended for cross-carrier scenarios, i.e., the common beam for a CC or a subset of CCs (X) can be indicated via PDCCH (with DCI) from another CC that may or may not be included in X. Two examples are shown in Fig. 2. Another pertinent scenario is cross-carrier scheduling (cf. Fig. 3), when DL-DCI(2) scheduling PDSCH(2) for CC2 is transmitted via PDCCH on CC1 and PDSCH(2) on CC2. 
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[bookmark: _Ref47528272]Figure 2: cross carrier beam indication
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[bookmark: _Ref47528746]Figure 3: beams for cross-carrier scheduling

Proposal 3: For multiple CCs, investigate how to extend the common beam indication framework to include common beam indication for a subset of CCs, cross-carrier beam indication (e.g., DCI on CC1 indicating the common beam for CC2), and cross-carrier scheduling (e.g., beams for receiving PDCCH on CC1 and PDSCH on CC2).

L1-based beam indication (TCI state update)
As previously argued, beam management efficiency can be vastly improved with a common TCI state update (beam indication) utilized for DL data and the associated DL assignment (and, analogously, a common TCI state update for UL data and PUCCH). While this is supported in Rel-15 via MAC CE, TCI state update (beam indication) via L1-control is expected to outperform that via MAC CE. In this section we compare MAC CE-based beam indication (already supported in Rel-15) and L1 control signalling based beam indication. Four aspects are considered, signalling efficiency, reliability, latency, and overhead.
· Signalling efficiency
In Rel-15/Rel-16, to update the TCI state of a UE-specific CORESET, a “TCI State Indication for UE-specific PDCCH” MAC CE is used, see section 6.1.3.15. of [6]. This MAC CE is sent using UE-specific signalling. When users are moving together, e.g. in a train, bus or other mass transportation vehicle, users typically undergo a beam change at about the same time. Using UE-specific signalling not only increases the signalling overhead, but can also increase the overall complexity and reliability of the system especially as the number of users becomes large. By designing a UE-group L1 control signal (see section 3.1.1 for more details) for beam indication, e.g. when users are moving together as an ensemble, the overall signalling overhead and complexity is reduced.
Observation 2a: The “TCI State Indication for UE-specific PDCCH” MAC CE uses UE-specific signalling.
Observation 2b: UE-group L1 control signalling for beam indication significantly reduces the signalling overhead and complexity.

· Reliability
Typically, MAC CE is perceived to be more reliable than L1 control due to HARQ-ACK feedback and HARQ retransmissions. However, HARQ-ACK feedback has also been supported for L1 control. For instance, in Rel-15, SPS release is an L1 control signal with HARQ-ACK feedback.
Observation 2: Utilizing L1 control signalling with HARQ-ACK feedback (a known Rel-15 feature) will further improve the L1 control signalling reliability.
An L1 control transmission consists of only PDCCH, while a MAC CE transmission consists of a PDCCH with a DL assignment followed by a PDSCH for the data transmission of the MAC CE. If the UE fails to receive the PDCCH transmission, it will not receive the PDSCH transmission either. To benefit from HARQ combining across multiple retransmissions, the PDCCH of each retransmission should be successfully decoded even if the UE fails to decode the corresponding PDSCH. Hence, the BLER error rate of PDCCH is significantly lower than that of PDSCH. 
Observation 3: The error rate of a single transmission of L1 control signalling is significantly lower than that of a single transmission of MAC CE.
Accordingly, we arrive at the following observation:
Observation 4: Assuming the same number of transmissions (with or without HARQ), beam indication by L1 control signalling is more reliable than beam indication by MAC CE signalling.
· Latency
At the gNB, DL beam indication is derived in L1 based on beam reporting from the UE, which uses L1 control signalling, e.g., CSI on PUCCH/PUSCH. At the UE, beam indication from the gNB is used in L1 to derive the beam (spatial filter) used for DL reception and UL transmission. By sending DL beam indication via MAC CE, extra processing is incurred in the gNB and UE by involving the MAC layer and additional L1 processing as   illustrated in Fig. 4. At the gNB, the extra processing includes passing beam indication to L2, generating the MAC CE message, passing the information back to L1, and additional encoding for PDSCH in addition to the PDSCH transmission time. We assume all these could add (at least) an extra 0.5-1 ms. At the UE, the extra processing includes decoding the PDSCH, passing the decoded information to L2, decoding and extracting the beam indication from the MAC CE, and then passing the beam indication back to L1. These can add an extra 1 ms. Hence, with a single transmission beam indication, L1-control-based beam indication is at least 1.5-2 ms faster than MAC CE-based beam indication.
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[bookmark: _Ref45964270]Figure 4: Processing steps for L1 control signalling-based beam indication and MAC CE-based beam indication.

Furthermore, retransmission of beam indication, if utilized, is faster with L1-control-based signalling compared to L2-based signalling as L1-control-based signalling avoids the encoding and decoding latency of PDSCH and the transmission time of PDSCH. As discussed in the reliability section, to achieve the same target error rate after multiple transmissions, MAC CE-based beam indication requires more retransmissions than L1-control-based beam indication. Hence, not only does MAC CE-based beam indication incur a longer round trip time with HARQ retransmission, but it also requires more HARQ retransmissions.
Observation 5: To achieve the same error rate, MAC CE-based signalling requires more retransmissions when compared to L1-control-based signalling.
Accordingly, we arrive at the following observation:
Observation 6: Beam indication via L1 control signalling incurs lower latency than via MAC CE.
· Overhead
L1 control signalling requires only transmission of PDCCH, while MAC CE signalling requires transmission of PDCCH and the corresponding PDSCH (carrying the MAC CE message), hence it incurs more DL overhead.
The “TCI State Indication for UE-specific PDCCH” MAC CE can be sent as a standalone PDSCH transmission, or it can be multiplexed with downlink user data. The multiplexing of “TCI State Indication for UE-specific PDCCH” MAC CE with downlink user data, can incur additional latency when no downlink data is available at the time of needing to send a TCI state update. On the other hand, sending the MAC CE as a standalone PDSCH transmission requires a lower code rate, by virtue of the smaller transmission payload size, thus incurring additional overhead and penalizes the air interface spectral efficiency. On the other hand, L1 control signalling is designed to more efficiently handle this type of signalling traffic.
Observation 7: Beam indication by L1 control signalling incurs less DL overhead than beam indication by MAC CE signalling.

Based on the discussion in this section, we propose:
Proposal 4: To support common TCI state update for DL data and the associated DL assignment (UE-dedicated control), L1-control-based beam indication is introduced in Rel-17.

1 
2 
3 
3.1 
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 Fig. 5, 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 8: Group-based beam indication based on group-based mobility can reduce overhead, power consumption, and latency while also improving reliability.



[bookmark: _Ref47288918]Figure 5: 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 Fig. 6, 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: _Ref47289545]Figure 6: 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 9: 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 Fig. 7. In general, however, not every UE in the group requires a TCI state update. This not only increases overhead, but also UE power consumption. This issue can be resolved by using a two-part beam indication (received in the same slot), as illustrated in Fig. 7, 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 10: Two-part beam indication can reduce UEs decoding complexity and air interface overhead.
Proposal 5: Investigate the use of UE-group beam indication to further reduce DL signalling overhead, baseband power consumption, as well as improve reliability.
· Also investigate the use of two-part beam indication to further enhance the efficiency of UE-group beam indication. 



[bookmark: _Ref47289945]Figure 7: Single- and two-part beam indication.


Inter-cell mobility enhancements
In Rel-15/16 NR, the inter-cell handover procedure to handle inter-cell mobility, similar to LTE, relies heavily on RRC (and even higher layer) reconfigurations to update cell-specific parameters. Such reconfigurations usually are slow and incur large latency (up to several milliseconds). For high mobility UEs, this issue gets worse due to the need for more frequent handovers, hence more frequent RRC reconfigurations. Furthermore, the handover latency compounds with the latency associated with the beam management procedures, and this makes the latency issue much worse and can lead to frequent radio link failures (RLFs). An example of latency analysis is provided in Table 1. As shown, the latency can be several seconds for the case when TCI state is unknown. Such large latency can be an issue for high mobility UEs, for example, a UE moving on US highways at 80 miles per hour can travel between two gNBs that are separated by 100m in about 2.77 seconds, which is smaller than the maximum latency shown in Table 1.
[bookmark: _Ref47525033]Table 1: latency analysis of Rel-15/16 inter-cell mobility and beam management
	 
	Latency
	Example

	Measurement RS
	Depends on factors such as periodicity, overhead etc.
	0.1 sec

	RRC configuration procedure for HO
	{ms50, ms100, ms150, ms200, ms500, ms1000, ms2000, ms10000}
	 0.2 sec

	TCI state activation 
(based on Sec. 8, 38.133)
	Assuming SSB based TCI state switch:
If the target TCI state is known: n+ TRRC_processing  +TOk*(Tfirst-SSB + TSSB-proc) slots
If the target TCI state is unknown: n+ TRRC_processing  +TL1-RSRP +TOuk*(Tfirst-SSB + TSSB-proc) slots
	If the target TCI state is known: delay = 10 ms
If the target TCI state is unknown: delay = TRRC_processing +TL1-RSRP +(Tfirst-SSB + TSSB-proc) = 0.014+ TL1-RSRP  ~ delay ~ 0.13 to 11.53 sec
where, 
TRRC_processing  = 10 ms
TL1-RSRP = 0.12 to 11.52 sec
Tfirst-SSB = TSSB-proc = 2 ms



Observation 11: The latency of Rel-15/16 inter-cell mobility and beam management can be up to several seconds, which is an issue for high mobility UEs.

The Rel-17 WID includes a seamless L1/L2-centric, beam-based intra-/inter-cell mobility (as opposed to cell-based mobility in traditional cellular systems) as illustrated in Fig. 8. After a UE is associated with a serving cell (Cell 1), the UE is further associated with a beam (Beam 1) indicated via the beam indication for data or/and control reception/transmission. When the UE moves to another cell, instead of the traditional cell handover, the UE switches from Beam 1 to Beam 2. The traditional cell handover can eventually happen. Until then, the UE stays connected to the network via beam management. 



[bookmark: _Ref46607732]Figure 8: Beam-based mobility.
Such seamless mobility can be facilitated by allowing a UE to (i) measure RSs from both serving and neighboring cells for beam measurement, (ii) report the beam report including a beam metric (e.g., L1-RSRP) and a resource indicator including a RS-ID and a cell-ID, and (iii) receive the beam indication which can indicate a beam from neighboring cell (in addition to the beam from the serving cell) e.g., by including physical cell-ID in the TCI state definition. The simulation results showing large performance improvement of beam-based mobility over traditional mobility is shown in the companion contribution [5].
Proposal 6: For L1/L2-centric inter-cell mobility, support
· beam measurement based on RSs associated with serving as well as neighbouring cells
· beam report which includes indicator for (RS-ID, cell-ID)
· TCI state definition which includes or is associated with cell-ID

UL beam selection enhancements
Fast beam training
Beam sweeping/training is a part of the beam management procedure during which a BS and a UE identify a TX-RX beam pair for subsequent communication. For DL transmissions, beam sweeping/training is a three-step procedure [3] as illustrated in Fig. 9:
· Step P1 is a coarse DL TX beam refinement, wherein a UE measures different DL TX beams to select a coarse DL TX-RX beam pair.
· Step P2 is a fine DL TX beam refinement, wherein a UE measures different DL TX beams to enable refinement of the DL TX beams. The reference signal for DL beams can be a CSI-RS with a narrower beam (spatial transmit filter) than the beam of the reference signal of Step P-1.
· Step P3 is a fine DL RX beam refinement, wherein a UE measures a same DL TX beam with different RX beams. A UE identifies the optimum DL RX beam, i.e. the optimum DL RX spatial domain filter.



[bookmark: _Ref47290276]Figure 9: Beam sweeping and training.
Having the three steps of beam sweeping (i.e., P1, P2 and P3) performed sequentially as described above can lead to the following issues.
a) Longer latency, i.e., Step P3 does not start until Step P2 is complete.
b) Possibly finding a less optimal TX-RX beam pair. In Step P2, a UE uses an RX beam that has been identified in Step P1 for fine-tuning the DL TX beam. As the RX beam has not been fine-tuned yet, there is no guarantee that this is the optimum RX beam, and accordingly when the fine-tuned TX beam is optimized for this RX beam there is no guarantee that it is the optimal DL TX beam across all DL RX beams.

Observation 12: Rel-15 beam management procedure results in longer beam refinement latency and can lead to a less optimal Tx/Rx beam pair.
To address these issues, steps P2 and P3 can be combined into a single step, wherein refinement of the TX beam and RX beam is performed jointly. To achieve this, the CSI-RS design can be enhanced to allow DL TX beam sweeping across a smaller set of CSI-RS resources, for DL TX beam refinement. Within each CSI-RS subset the UE may assume that the CSI-RS resources are transmitted with the same DL spatial domain transmission filter (beam), allowing the UE to refine its DL RX beam, by doing a receive beam sweep across these resources. Across different sets of CSI-RS resources, the gNB may change its DL spatial domain transmission filter for a DL TX beam sweeping.
Proposal 7: Investigate combining TX and RX beam refinement in beam management procedure.
Proposal 8: Investigate CSI-RS design by allowing partial repetition of the CSI-RS resources across DL spatial domain transmission filters, wherein a UE may assume that a subset of CSI-RS resources have a same spatial domain transmission filter.

UL beam/panel selection and MPE mitigation 
As explained in Section 3.1, when beam correspondence between DL and UL holds, the joint TCI can be used to indicate the common beam for both DL and UL. When beam correspondence is not utilized, the UL-TCI can be used to indicate the common beam for UL. In addition, the following UL-specific components can be included in the proposed unified TCI framework.
· Fast panel selection: When the UE is equipped with multiple antenna panels, fast panel selection (for, e.g. mitigating the UL coverage loss due to MPE or/and change in channel conditions) can be accommodated via panel-specific UL TCI state. This can be realized, e.g. by associating/linking the UL TCI state with an index of a source RS resource or resource set associated with an antenna panel.
Proposal 9: For multi-panel UEs, fast panel selection is facilitated by including an index of RS resource or resource set associated with a panel into the UL TCI state definition.
· MPE mitigation: When an event that results in the UE having to select an UL TX beam different from what the BS expects, some additional mechanisms are needed to ensure that the gNB is aware of the UE decision. Such an event can happen, for instance, when the UE transmission is restricted by the so-called Maximum Permissible Exposure (MPE) regulation. That is, to prevent any excessive electromagnetic wave exposure on delicate soft tissues (e.g. brain tissues), the UE is to avoid transmitting high energy signal along with some directions (e.g., toward the head). Unfortunately, such directions may correspond to the “best” UL TX beams. When the “best” UL TX beams are not used for UL transmission, some loss of UL throughput (especially coverage) will occur. One solution to address this issue is based on providing an alternate UL TX beam (in addition to the beam indicated via the beam indication) to the UE. Another solution is based on a UE-initiated approach wherein the UE upon detecting the occurrence of such events, initiates a UL TX beam update mechanism. 

Proposal 10: For MPE mitigation, investigate a mechanism for providing an alternate UL TX beam as well as a UE-initiated UL TX beam update.

Evaluation assumptions and performance metrics 
In the past few weeks, an email discussion [4] has taken place one the RAN1 NR reflector to agree on the baseline simulation assumption and performance metrics. There is a wide consensus that EVM SLS is used for: 1) intra-cell mobility scenarios, 2) MPE mitigation, and multi-panel UE scenarios.
For intra-cell mobility, two scenarios have wide consensus: 1) Dense Urban with a two-lane roadway traveling across one sector and 2) High Speed Train (HST) scenario with multiple TRPs in the same cell. In these scenarios, there is one or two users in the target cell. While, these scenarios are useful for evaluating fast beam indication design aspects, they do not evaluate other aspects (due to the limited number of users) such as group mobility and overhead impact of beam indication update with a larger number of users in a cell. 
To address these limitations, we propose additional simulation scenarios with multiple users:
· In one example, a group of users (e.g., 5 users) is moving together in the same vehicle.
· In a second example, a group of users (e.g., 5 users) is moving independently, for example users in cars moving at different speeds.
Proposal 11: Consider additional simulation scenarios with multiple users in a cell to evaluate beam-design enhancement proposals in more realistic scenarios.

The WID includes identifying enhancements to support L1/L2-centric inter-cell mobility. During the offline email discussions [4] no consensus was reached on inter-cell mobility. We propose that inter-cell as an additional scenario for evaluation. Accordingly, in Table 3 of the moderator summary [4], we propose to add “Linear trajectory, inter-cell mobility (trajectory can cross cell boundaries)” in addition to the offline-agreed scenario of “Linear trajectory, intra-cell mobility (constrained within one cell)”. There are two aspects to consider for inter-cell mobility,
· First, the trajectory to follow. For dense urban it has been agreed to use 7 site x 3 sector per site scenario. We can simply extend the linear trajectory to cross multiple cells, as illustrated in Fig. 10. For the HST scenario a 6 RRH model has been agreed, wherein all 6 RRHs belong to the same cell. For the inter-cell scenario, the model is extended to have each three RRHs to be part of a cell.
· Second, how to model impairments as a UE moves from one cell to the next. Modeling the detailed L3 mobility procedure, will be time consuming and not easy to align within a short time. A simple model can suffice, which includes a delay  between the time the handover condition is fulfilled (e.g. based on the  to the actual handover time). The delay can be a random variable, with mean  and standard deviation . Companies to report on the values of  and .

Proposal 12: For the evaluation of mobility scenarios, inter-cell mobility is evaluated in addition to intra-cell mobility. 



[bookmark: _Ref48130351]Figure 10: Inter-cell trajectory for mobility evaluations.
During the EVM email discussion, Table 5 of [4] was agreed as an email discussion consensus for “Additional simulation assumptions for HST scenario (FR2)”. No similar assumptions have been agreed for the dense urban mobility scenario. We propose the addition simulation assumptions of Table 2 for dense urban mobility scenario in FR2.
Proposal 13: Table 2 can be the baseline assumptions for SLS for additional simulation assumptions for dense urban mobility scenario in FR2.

[bookmark: _Ref48131135]Table 2: Baseline assumptions for SLS: Additional simulation assumptions for dense urban mobility scenario (FR2).
	Parameter
	FR2

	Carrier Frequency
	30 GHz

	Scenario
	Dense urban

	System BW
	80 MHz

	BS Tx Power
	40 dBm

	UE Tx Power
	23 dBm

	BS receiver Noise Figure
	7 dB

	UE receiver Noise Figure
	10 dB

	Inter site distance
	200m

	BS Antenna height
	25m

	UE Antenna height
	1.5 m

	UE Speed
	60 km/h and 120 km/h

	Car penetration Loss
	38.901, sec 7.4.3.2: μ = 9 dB, σp = 5 dB


 
Conclusions
In this Tdoc, we presented our views regarding Tdoc enhancements. The following observation has been made regarding the rel-15/16 beam management procedure:
Observation 1: Rel-15/16 beam management requires enhancements especially for challenging use cases involving high mobility/speed or the use of large number of configured TCI states (which require low latency, low overhead, and high reliability) at least due to the following inefficiencies:
· Imposing a common framework for CSI acquisition (complex) and beam management (simpler).
· Separate TCI state update for data (on L1) and control (on L2) for DL and UL, with fallbacks to common TCI state update via MAC CE for DL and default beam behavior. 

The following observations and proposals have been made regarding the multi-beam efficiency enhancements:
Proposal 1: A common beam indication (TCI state update) is used by the UE when:
· receiving DL data and UE-dedicated DL control. 
· transmitting UL data and UL control.
Proposal 2: When beam correspondence is assumed between DL and UL transmissions, a unified beam indication framework indicates a joint TCI state for DL and UL. When beam correspondence is not assumed between DL and UL transmissions, a unified beam indication framework indicates a DL TCI state separate from an UL TCI state.
Proposal 3: For multiple CCs, investigate how to extend the common beam indication framework to include common beam indication for a subset of CCs, cross-carrier beam indication (e.g., DCI on CC1 indicating the common beam for CC2), and cross-carrier scheduling (e.g., beams for receiving PDCCH on CC1 and PDSCH on CC2).
Observation 2a: The “TCI State Indication for UE-specific PDCCH” MAC CE uses UE-specific signalling.
Observation 2b: UE-group L1 control signalling for beam indication significantly reduces the signalling overhead and complexity.
Observation 2: Utilizing L1 control signalling with HARQ-ACK feedback (a known Rel-15 feature) will further improve the L1 control signalling reliability.
Observation 3: The error rate of a single transmission of L1 control signalling is significantly lower than that of a single transmission of MAC CE.
Observation 4: Assuming the same number of transmissions (with or without HARQ), beam indication by L1 control signalling is more reliable than beam indication by MAC CE signalling.
Observation 5: To achieve the same error rate, MAC CE-based signalling requires more retransmissions when compared to L1-control-based signalling.
Observation 6: Beam indication via L1 control signalling incurs lower latency than via MAC CE.
Observation 7: Beam indication by L1 control signalling incurs less DL overhead than beam indication by MAC CE signalling.
Proposal 4: To support common TCI state update for DL data and the associated DL assignment (UE-dedicated control), L1-control-based beam indication is introduced in Rel-17.
Observation 8: Group-based beam indication based on group-based mobility can reduce overhead, power consumption, and latency while also improving reliability.
Observation 9: UE-group- beam indication can utilize a wider beam for beam indication to a group of UEs in close proximity.
Observation 10: Two-part beam indication can reduce UEs decoding complexity and air interface overhead.
Proposal 5: Investigate the use of UE-group beam indication to further reduce DL signalling overhead, baseband power consumption, as well as improve reliability.
· Also investigate the use of two-part beam indication to further enhance the efficiency of UE-group beam indication 
Observation 11: The latency of Rel-15/16 inter-cell mobility and beam management can be up to several seconds, which is an issue for high mobility UEs.
Proposal 6: For L1/L2-centric inter-cell mobility, support
· beam measurement based on RSs associated with serving as well as neighbouring cells
· beam report which includes indicator for (RS-ID, cell-ID)
· TCI state definition which includes or is associated with cell-ID

Regarding uplink beam selection enhancements, the following observation and proposals have been made:
Observation 12: Rel-15 beam management procedure results in longer beam refinement latency and can lead to a less optimal Tx/Rx beam pair.
Proposal 7: Investigate combining TX and RX beam refinement in beam management procedure.
Proposal 8: Investigate CSI-RS design by allowing partial repetition of the CSI-RS resources across DL spatial domain transmission filters, wherein a UE may assume that a subset of CSI-RS resources have a same spatial domain transmission filter.
Proposal 9: For multi-panel UEs, fast panel selection is facilitated by including an index of RS resource or resource set associated with a panel into the UL TCI state definition.
Proposal 10: For MPE mitigation, investigate a mechanism for providing an alternate UL TX beam as well as a UE-initiated UL TX beam update.

Regarding evaluation assumptions and performance metrics, the following proposal has been made:
Proposal 11: Consider additional simulation scenarios with multiple users in a cell to evaluate beam-design enhancement proposals in more realistic scenarios.
Proposal 12: For the evaluation of mobility scenarios, inter-cell mobility is evaluated in addition to intra-cell mobility. 
Proposal 13: Table 2 can be the baseline assumptions for SLS for additional simulation assumptions for dense urban mobility scenario in FR2.
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