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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In 3GPP Rel-16, multi-beam related issues were discussed and standardized. The solutions were designed to support higher layer signaling overhead and latency reduction, SCell beam failure recovery, beam report with L1-SINR.
The 3GPP Rel-17 NR MIMO WID [1] includes enhancement on multi-beam operation as follows. In this contribution we share our views on the issues for NR MIMO enhancement on multi-beam operation in Rel-17.
	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. [bookmark: OLE_LINK66]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 



Common beam
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In 3GPP Rel-15/Rel-16, the scheme for beam indication is designed independently for each channel/RS. For PDCCH and PUCCH, MAC CE activates a TCI state/spatial relation from the candidate TCI states/spatial relations configured by RRC. For PDSCH, gNB indicates the TCI state through DCI including TCI field from a group of activated TCI states by MAC CE. For PUSCH, SRI field in DCI is used to indicate the spatial relation. For CSI-RS/SRS, TCI state/spatial relation is configured by RRC or activated by MAC CE or indicated by DCI.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK15][bookmark: OLE_LINK16]3GPP Rel-15/Rel-16 already supports default beam for PDSCH, PUCCH, PUSCH, CSI-RS and SRS, etc. These default beam schemes include the default TCI state of PDSCH when the scheduling offset is less than the threshold timeDurationForQCL, the default TCI state of PDSCH scheduled by a DCI format not having the TCI field present, the default TCI state of aperiodic CSI-RS when the scheduling offset is smaller than the UE reported threshold beamSwitchTiming, the spatial relation of PUCCH when the spatial relation of the PUCCH is not configured, the spatial relation of PUSCH when the PUSCH is scheduled by DCI format 0_0 and the PUCCH resource/PUCCH spatial relation is not configured in the active UL BWP, the spatial relation of SRS when the spatial relation of the SRS resource is not configured. Most of the above default TCI state/spatial relation/pathloss RS are determined according to the QCL assumption of CORESET with the lowest controlResourceSetId.
In general, the typical case is single beam operation because different DL/UL channels/RSs are propagating through almost the same path.  So multiple channels can apply a common beam indicated by gNB based on the existing solution of default beam scheme in Rel-15/Rel-16 to unify the beam indication for different channels/RSs, which is an effective way to reduce the signaling overhead for beam indication with minimum standardization efforts. 

Independent beam indications for DL and UL channels/RSs require a heavy signaling overhead.
Default beams for PDSCH, PUCCH, PUSCH, CSI-RS and SRS are specified in Rel-15 and Rel-16.

Existing solution of default beam scheme in Rel-15/Rel-16 can be extended to unify the beam indication for different DL/UL channels/RSs.

Single common beam 
For the single beam operation mode, the common beam is shared across DL and UL channels/RSs. To save the signaling overhead of beam indication, a similar way to the default spatial relation of PUCCH/PUSCH/SRS can be reused, e.g. the common beam can refer to the QCL assumption of CORESET with the lowest controlResourceSetId. 
QCL assumption of CORESET#0 which is specified in Rel-15 to be used for both broadcast and unicast reception could be used as the reference of the default beam. The other DL/UL channels/RSs apply the TCI state of CORESET#0 for TCI state or spatial relation information indication. The candidate TCI states for CORESET#0 are configured by higher layer parameter pdsch-config, and one out of candidate TCI states is indicated by MAC CE for CORESET#0 QCL indication. As a result, the TCI state list or spatial relation list of other channels does not need to be configured to further reduce signaling overhead.

The TCI state of a CORESET, e.g. CORESET with the lowest controlResourceSetId, can be used as the common beam for other DL/UL channels/RSs to reduce signaling overhead of beam indication.
The TCI state indication for common beam also needs to be considered to meet the requirement of common beam issue of reducing latency and overhead. From the perspective of tradeoff between latency and robustness, a MAC CE for TCI state update of CORESET can be reused as the TCI state activation for common beam which is followed by other channels/RSs. 
[bookmark: OLE_LINK54][bookmark: OLE_LINK55]We preform LLS for UE mobility with linear trajectories, like HST in multi-TRP case, to simplify simulation with additional modification to mimic UE movement. The performance of MAC CE-based and DCI-based common beam indication is provided in Figure 2, where the simulation scenario is shown in Figure 1. The simulation parameters are provided in Table 7. The UE moves from the start point to the end point along a linear trajectory of 40m. The gNB locates at the center of the UE’s trajectory with perpendicular distance of 35m from the linear trajectory. The gNB height is 35m and UE height is 1.5m. The large-scale fading caused by distance varies as the UE moves, with a reference receiving SNR determined without beamforming gain at the reference position shown in Figure 1. For beam management procedure, the UE keeps reporting beam information every 10ms as it moves along the trajectory. For DCI-based common beam indication, it is assumed that the beam indicated by DCI takes effect immediately, i.e. the latency is 0ms. For MAC CE-based common beam indication, it takes some time for UE to transmit HARQ-ACK information corresponding to the PDSCH carrying the MAC CE command, e.g. the latency is set to 4ms. 
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1. [bookmark: _Ref47432594][bookmark: OLE_LINK52][bookmark: OLE_LINK53]The scenario of LLS for UE movement.
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1. [bookmark: _Ref47565229]Evaluation on MAC CE-based vs. DCI-based beam indication.
From the simulation results it can be seen that the performance of MAC CE-based and DCI-based solutions is almost same. When the UE speed is 300km/h, the DCI-based beam indication has only about 0.1 dB gain in BLER. On the contrary, the latency caused by MAC CE-based beam indication makes the earlier selected beam is still being used in the current channel, which brings small gain.
By comparing two beam indication schemes, MAC CE-based scheme has little effect on the performance even with more latency, but it can provide the advantage of robustness. If the DCI carrying beam indication for common beam is missing, the misalignment of beam switching at gNB and UE would occur, e.g. the UE still remains on the former beam while the gNB has switched to a new one. 

The performance of MAC CE-based and DCI-based solutions for common beam indication is almost the same.

Support MAC CE-based scheme for common beam indication.

Multiple common beams
[bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK17][bookmark: OLE_LINK18]In the single common beam mode mentioned above, different channels/RSs use the same common beam to reduce the signaling overhead of beam indication. But this single common beam may not be a universal solution. The performance objectives of each channel or RS are different. For example, control channels seek coverage and reliability, while the data channels pursue high data rate. In general the control channel is transmitted using a wide beam and the data channel is transmitted using a narrow beam, which can better meet the performance objectives of each channel. Therefore, even if the common beam is introduced, the requirement of how to distinguish different performance objectives of each channel or RS still needs to be solved.
The SLS evaluation performance of PDSCH transmission with different beam widths in InH scenario is provided. The two beam widths are formed according to the beamforming parameters, where the main lobe patterns for wide beam and narrow beam in one dimension are depicted in Figure 3. Other simulation parameters can be referred to Table 8. Compared with the narrow beam, wide beam is generated by reducing the size of antenna array and TxRU, while the number of ports remains unchanged.
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1. [bookmark: _Ref47698724]Main lobe beam patterns in one dimension of different beam widths.
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1. Performance of PDSCH with different beam widths
1. 
SE comparison of PDSCH with different beam widths (same λ, RU0.21)
	
	Mean SE
	5% SE
	50% SE
	95% SE

	narrow beam (baseline)
	0.0%
	0.0%
	0.0%
	0.0%

	wide beam
	-7.7%
	-14.1%
	-17.0%
	0.0%



It can be seen from the simulation results that the performance of PDSCH degrades with the increase of the beam width. Then the expected data rate and spectrum efficiency cannot be achieved if a common wide beam is used to ensure the coverage and reliability required by the control channels. Although the wide beam helps to obtain better coverage, the SINR and beamforming gain of the wide beam are far less than that of the narrow beam. If the data channel applies the same common beam as the control channel, the performance degradation is obvious, which is not desired.

Narrow beam provides better data transmission efficiency while wide beam provides more robustness. 
If the narrow beam is used for the PDCCH transmission, on the other hand, the coverage will be affected. When the UE moves and rotates, the TCI state of PDCCH needs to be updated frequently by MAC CE, otherwise the UE cannot monitor the scheduling DCI from the gNB in time. Even if DCI is used to indicate the TCI state of PDCCH, the robustness of PDCCH decoding cannot be guaranteed because DCI has no HARQ-ACK information.
Considering the performance of each channel/RS, in Rel-17 multiple common beams can be introduced for different DL and UL channels/RSs, e.g. two common beams with different beam widths. Single common beam and multiple common beams can be enabled by the RRC. When the gNB enables multiple common beams, the first common beam is same as the single common beam, e.g. the TCI state of a CORESET. For the second common beam, MAC CE-based beam indication can be reused considering trade-off between beam updating rate and robustness.

Support multiple common beams in Rel-17 for different channel/RS.
Support MAC CE-based multiple common beams update.

Common beam for multi-TRP case
For multi-TRP case, the common beam operation also can be considered to reduce the signaling overhead for beam indication. The propagation paths between UE and each TRP are different, which leads to each TRP corresponding to its own common beam. So the solution for TRP specific common beam needs to be studied in Rel-17. With non-ideal backhaul multi-TRP as the major operation scenario, each TRP may have specific common beam(s) to enable single common beam and multiple common beams operation. Such common beam operation under multi-TRP would facilitate multi-TRP deployment in FR2.

Support common beam operation for multi-TRP case.

2.4 Common beam for intra-band CA
To reduce signaling overhead, Rel-16 introduced the beam update across CCs by a MAC CE including simultaneous TCI state update for CORESETs for a set of CCs/BWPs, simultaneous activation of a set of TCI state IDs for PDSCH for a set of CCs/BWPs, simultaneous spatial relation update for SP-/AP-SRS resources for a set of CCs/BWPs, where the applicable list of CCs is indicated by RRC. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In Rel-16 the PUCCH spatial relation activation was enhanced as well. If the indicated PUCCH resource by MAC CE is configured as part of a PUCCH group, no other PUCCH resources within the same PUCCH group are indicated in the MAC CE, and the MAC CE applies to all the PUCCH resources in the PUCCH group.
The enhanced PUCCH spatial relation activation is used in a BWP. Furthermore, we can extend this scheme to the case of multiple CCs/BWPs. When a spatial relation is activated/updated for a PUCCH resource/PUCCH resource group by a MAC CE for a set of CCs/BWPs, the spatial relation can be applied to the PUCCH resource/PUCCH resource group with the same resource ID/group ID for all the BWPs in the indicated CCs.
Similar to SRS resource, for SP-/AP-CSI-RS resource the MAC CE-based TCI state update can be considered. And then the simultaneous TCI state update for SP-/AP-CSI-RS resource can be applied for a set of CCs/BWPs, i.e. the updated TCI state is applied for the SP-/AP-CSI-RS resources with the same CSI-RS resource ID for all the BWPs in the indicated CCs, except for the CSI-RS resource for beam management.
In Rel-16, for PUSCH a mapping between sri-PUSCH-PowerControlId and PUSCH-PathlossReferenceRS-Id can be updated by a MAC CE; for SRS a MAC CE can provide by SRS-PathlossReferenceRS-Id a corresponding RS resource index  for aperiodic or semi-persistent SRS resource set . If the CC list is configured, the updated TCI state/spatial relation is shared across CCs. To perform accurate power control, the pathloss RS and source RS in TCI state/spatial relation need to be aligned. So the updated pathloss RS can be applied for all the BWPs in the indicated CCs, e.g. the updated pathloss RS is applied to the SRS resource set with the same set ID for all the BWPs in the indicated CCs.

Support simultaneous spatial relation update by a MAC CE for PUCCH resource/PUCCH resource group for all the BWPs in the indicated CCs.
Support MAC CE-based TCI state update for SP-/AP-CSI-RS. 
Support pathloss RS update for PUCCH/PUSCH/SRS by a MAC CE for all the BWPs in the indicated CCs.

Unified TCI framework
In Rel-15/Rel-16 separate signaling frameworks for DL TCI state and UL spatial relation are specified. For DL channels/RSs, TCI state list for CORESET is configured in PDCCH-config, but the TCI state list for PDSCH is configured in PDSCH-config. Similarly, the spatial relation list for PUCCH is configured in PUCCH-config. Based on the TCI state list/spatial relation list, MAC CE and/or DCI are used to indicate DL/UL beam. Besides, the TCI state/spatial relation of DL/UL RS is configured by RRC or activated by MAC CE, the spatial relation of PUSCH is determined according to SRI field in DCI. It can be seen from the above that the current solution of TCI state/spatial relation framework of each channel/RS leads to a large amount of signaling overhead. 
As a solution of unified TCI framework, from the point of view of saving RRC signaling overhead, a common TCI state pool can be configured by RRC and is shared by DL and UL channels/RSs.  For example, the TCI state list in PDCCH-config as the common TCI state pool is used for other DL/UL channels, e.g. PDSCH, PUCCH. Then MAC CE and/or DCI indicate a TCI state from the common TCI state pool for each channel.

In current spec, the solution of TCI state/spatial relation framework of each channel/RS leads to a large amount of signaling overhead.

DL and UL channels can share a common TCI state pool configured by RRC.
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]In current spec, the QCL source in TCI state of DL channels is SSB or CSI-RS, the source RS in spatial relation of UL channel is SSB, CSI-RS or SRS. Basically, the DL beam management is a baseline to get the source of beam indication. For the UE supporting beam correspondence, the DL RS based on the beam report is used as the source of spatial relation. Existing beam indication scheme does not support SRS as a QCL source for DL channel, meaning that when the gNB triggers a SRS resource set to complete the UL beam training, the UL measurement results cannot be directly used for TCI state indication. That is, the UL beam management cannot be fully utilized and thus leads to additional measurement complexity and power consumption at UE.

Due to the size constraints of UE antenna array, the number of beams supported by UE is much less than that of network side. For L1-RSRP computation, the UE may be configured with a CSI-RS resource setting up to 16 CSI-RS resource sets having up to 64 resources within each set. But for each SRS resource set configured by SRS-ResourceSet, a UE may be configured with SRS resources (higher layer parameter SRS-Resource), where the maximum value of K is indicated by UE capability (In TS 38.331 maximum number of SRS resources in an SRS resource set is 16). 
[bookmark: OLE_LINK21]Compared with UL beam training, DL beam training requires UE to measure quality of more beam links. For example, in case of multi-TRP, when the UE moves or rotates, multiple TRPs would trigger more CSI-RS resource sets or a CSI-RS resource set containing more CSI-RS resources for UE to measure. But if the gNB triggers an SRS resource set with usage=beamManagement for UL beam training, it is enough to configure the SRS resource set that includes a small number of SRS resources which the UE just needs to transmit once with UL beams. And multiple TRPs at the network side can measure the uplink beam link quality of these SRS resources simultaneously. It can reduce the latency of beam training and does not need additional downlink beam management.
As another important solution of unified TCI framework, the source RSs of TCI state and spatial relation are unified into SSB, CSI-RS and SRS, that is, SRS can be introduced as a DL QCL-TypeD source. This solution can fully utilize the UL beam measurement results to reduce the cost of beam management, latency of obtaining the optimal beam link, and power consumption of the UE.

[bookmark: OLE_LINK51][bookmark: OLE_LINK56]For beam tracking, UL beam management is more conducive to UE power saving and latency reduction.

Support configuration of SRS as QCL-TypeD source for DL channel.
For PUSCH scheduled by DCI format 0_1, the SRS resource in SRI field is used for ‘codebook’ to indicate the spatial relation of PUSCH. But in NR only one SRS resource set is supported with up to two SRS resources for UL CSI acquisition, where the spatial relation of each SRS resource is determined based on the beam management. The two-stage measurement, i.e. beam management and UL CSI acquisition, increases the latency and measurement cost. The size of SRS resource set for UL CSI acquisition limits the flexibility of beam indication for PUSCH. 
[bookmark: OLE_LINK57][bookmark: OLE_LINK70]If the SRS is used as one source RS in unified TCI framework, in order to improve the accuracy and flexibility of uplink beam indication, it can be considered to increase the size of SRI field in DCI to indicate more beams, and furthermore to allow the SRI on which the precoder is based to directly indicate one of the SRS resources in an SRS resource set for ‘beamManagement’ to reduce the measurement cost. But it should be noted that the port configuration of SRS resource for ‘beamManagement’ depends on the limitation of UL CSI acquisition.

[bookmark: OLE_LINK73]For UL beam indication, it can be considered that the SRS for ‘beamManagement’ is directly applied in SRI field, the size of which can be extended with multiple bits.

Inter-cell mobility
Current higher layer inter-cell beam management has been designed to evaluate the cell quality, by measuring the multiple beams of a cell and averaging the measured results. The measurement model of higher layer inter-cell beam management could be found in Figure 5. The beam qualities have been filtered twice in this procedure. In physical layer, the L1 filtering is adopted, based on which the L3 filtering is executed. If configured, several best beams may be contained in the measurement reports, along with cell quality. The method of deriving the cell quality from beam qualities is the same for serving cells and neighbouring cells.


1. [bookmark: _Ref47736388]Measure model of high layer inter-cell beam management

[bookmark: OLE_LINK23][bookmark: OLE_LINK24]The following high speed train and high way scenarios are explicitly endorsed for mobility enhancement in Rel-17. Although the simulation assumption was agreed considering intra-cell mobility, the inter-cell mobility design targets are also expected to be similar. 


1. High way scenario with dense urban cell deployment, endorsed by FeMIMO EVM email discussion. 



1. HST endorsed by offline FeMIMO EVM email discussion
To employ current L3 inter-cell beam management in physical layer procedure for above expected deployment scenarios, several shortcomings could be found. The main points are listed below.
First, the delay of L3 beam management is much larger than L1 beam management. The table of measurement period for intra-frequency measurements without gaps on FR2 could be found in Table 2. To derive the minimum measurement period, it is assumed that Kp = 1, Klayer1_measurement = 1, CSSFintra = 1, when there is no overlapping between SMTC, measurement gaps, and other measurement for RLM, BFD, CBD or L1-RSRP. For a UE supporting power class 1, Mmeas_period_w/o_gaps =40. For a UE supporting FR2 power class 2, Mmeas_period_w/o_gaps =24. For a UE supporting power class 3, Mmeas_period_w/o_gaps =24. For a UE supporting power class 4, Mmeas_period_w/o_gaps =24. Then for the no DRX case, the measurement period would be 24 SMTC periods or 40 SMTC periods. For DRX cycle≤ 320ms, the measurement period would be 36 SMTC periods or 60 SMTC periods, based on the assumption that SMTC period is shorter than DRX cycle. For DRX cycle> 320ms, it is clear that the measurement period would be longer. For example, for one typical condition with SMTC period = 40ms, UE supporting power class 3, and DRX cycle≤ 320ms, the measurement period would be 1.44s. Then for UE speed 256km/h in the HST scenario, UE would move 102.4m during this time, which is more than half of the distance between two base stations.
1. [bookmark: _Ref47736844]Measurement period for intra-frequency measurements without gaps (Frequency FR2) 
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(400ms, ceil(Mmeas_period_w/o_gaps x Kp x Klayer1_measurement) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(400ms, ceil(1.5x Mmeas_period_w/o_gaps x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFintra 

	DRX cycle>320ms
	ceil(Mmeas_period_w/o_gaps xKp x Klayer1_measurement ) x DRX cycle x CSSFintra

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified



Other than measurement period, the high layer inter-cell beam report would be mostly event triggered. Even if a report period is configured, the report period is usually much longer than the measurement period. Then with the impact of this huge delay, the beams for neighboring cell could not be updated in time and the performance would be largely degraded in mobility scenarios.
 
· The delay to obtain valid L3 beam measurement could be as large as several seconds with current FR2 requirement. 
Moreover, L3 inter-cell beam measurement is restricted to SMTC. For CSI-RS for mobility, a similar measurement duration would also be defined to strict the measurement, which is still under discussion in RAN4. SMTC is a window of up to 5ms where the measurements are to be performed. For intra-frequency connected mode measurements, up to two measurement window periodicities may be configured. A single measurement window offset and measurement duration are configured per intra-frequency measurement object. By defining SMTC, the inter-cell beam measurement are put together in a short time. 
One way to speed up L3 measurement is to configure short period for SMTC. However, this would largely impact the transmitting of its serving cell. On FR2, the UE mainly measures the SSBs of neighbouring cells and may not be able to receive or transmit other type of channels or signals in SMTC, according to current scheduling availability of UE performing measurements. For example, during SS-RSRP or SS-SINR measurement on an FR2 intra-frequency cell, the UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration. If the network configures SMTC with short period, the available time resources for the transmissions of serving cells are largely reduced. Also, with the interruptions of SMTC, the performance of latency sensitive services would be degraded.
 
· L3 inter-cell measurement is restricted by SMTC and configuring short period for SMTC would cause increased interruption to data transmission and larger power consumption.
Large number of cells and SSBs need to be measured in current L3 inter-cell beam management. The purpose of L3 inter-cell beam management is to obtain the rough cell status of neighboring cells. The detailed requirement could be found in Table 3. For mobility purpose, the gNB would be interested in the performance of a few number of SSBs of each neighboring cell, as long as the beam qualities of which are good enough for handover or inter-cell multi-TRP. Based on the rough results from L3 inter-cell beam measurement, UE could select one or two best neighboring cells and expect the timely beam qualities of one or two beams for the selected cells. Then together with the L1 based inter-cell beam management, which may just focus on a few beams, the flexibility of beam measurement would be improved obviously, and the burden of UE would be largely reduced.
1. [bookmark: _Ref47737126]The requirements of high layer inter-cell beam management
	
	Intra-frequency
	Inter-frequency

	
	FR1
	FR2
	FR1
	FR2

	Requirements
	8 identified cells, 
14 SSBs with different SSB index and/or PCI
	6 identified cells, 
24 SSBs with different SSB index and/or PCI
	4 identified cells, 
7 SSBs with different SSB index and/or PCI
	4 identified cells, 
10 SSBs with different SSB index and/or PCI



Based on above discussion, two points are essential for to further improve current L3 inter-cell mobility. One is L1 inter-cell beam measurement and the other is L1 inter-cell beam report. With L1 inter-cell beam measurement, the UE could measure the RSs of neighboring cells in much more flexible method and with much less restrictions. With L1 inter-cell beam report, the gNB could obtain the L1 beam quality of the RSs of neighboring cells in a timely manner.
 
· Support L1 inter-cell beam report based on L1 inter-cell beam measurement.

Inter-cell beam measurement
The simplest L1 inter-cell beam measurement is to reuse the results of current L3 inter-cell beam management. That is, the network connects L3 inter-cell beam management with L1 beam report, by configuring serval cell IDs or RSs of neighboring cells in L1 beam management or other methods, and then the L1 filtered beam qualities in L3 procedure could be reported to the network using current L1 beam report. No new measurement behaviour is defined in this case, and the only difference is that the network could obtain the L1 beam qualities of neighboring cells now.
The above method focus on the latency reduction of L3 inter-cell beam management, and has very small impact on current spec and is convenient for UE to implement. Thus this method can be supported.
 
· Support the reporting of the L1 measured inter-cell beam qualities based on legacy L3 inter-cell beam measurement behavior. 
As mentioned above, SMTC is defined for UE to measure the RSs of neighboring cells for L3 inter-cell beam management. The benefit and shortcomings of SMTC have been discussed above. Another possible way is to allow L1 inter-cell beam measurement outside SMTC window. This would provide flexibility and efficiency for inter-cell beam measurement but may increase the UE complexity and power consumption. Mechanisms should be designed to lower UE measurement complexity and power consumption.
 
· Support L1 inter-cell beam measurement outside SMTC with low increase of complexity and power consumption. 
For inter-cell measurement, scheduling availabilities of UE performing inter-cell beam measurements have been defined in RAN4 for different scenarios. On FR2, the UE is not expected to received or transmit the signals of its serving cell on the SSB symbols to be measured, as well as 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration. This is because the analog beam of UE is unclear now and the UE is not ready for the transmission for its serving cell. The extra 2 data symbols are left for beam switch and overcoming the timing difference between two cells. These problems still exist in L1 inter-cell beam measurement and the study of scheduling restrictions is needed here.
 
· Clarify the scheduling restrictions for L1 inter-cell beam measurement. 

Inter-cell beam report
[bookmark: OLE_LINK65][bookmark: OLE_LINK69]For the case of inter-cell beam measurement mentioned above, the SSB/CSI-RS from neighboring cells can be measured in layer1 regardless of the restriction of SMTC to accelerate the beam management procedure. The UE needs to inform the gNB the measurement results including the RS resources from neighboring cells through the beam report. Then the inter-cell mobility can involve applying the RS resource from the neighboring cell as the QCL source for the inter-cell beam management. 
[bookmark: OLE_LINK28][bookmark: OLE_LINK35]In Rel-15/Rel-16, the L1-RSRP/L1-SINR report is used to inform the gNB the best beams indicated by SSBRI/CRI. In CSI report setting for L1-RSRP/L1-SINR report, the associated RS resource setting for beam management is provided. For inter-cell beam report, the PCI can be introduced to indicate the relationship between the RS resource and the source cell or target cell. Since the UE can measure SSB or CSI-RS for mobility during the inter-cell beam management, the type of CSI-RS resource (whether for mobility) can also be known in the configuration of CSI-RS resource setting associated the CSI report setting. 
Whether PCI is carried in the inter-cell beam report depends on the number of cells corresponding to RS resources. For example, if one PCI is provided by gNB in CSI report setting, the UE only needs to measure the SSBs corresponding to the PCI and report the selected SSBRI(s) without PCI in beam report. Besides, the UE also can measure the SSBs corresponding to the PCI(s) obtained by blind detection within SMTC. 
The PCI in resource setting can be (re-)configured to indicate/update the relationship between the RS resource and the source cell or target cell. There may be a lot of RS resources in case of measurement for neighboring cells. If every possible configurations of report setting are provided to meet the measurement requirement for multiple neighboring cells, the RRC signaling overhead and the resource cost will be heavy. Therefore, in order to speed up the inter-cell management and reduce the overhead, PCI information in CSI report setting/resource setting can be updated dynamically.

CSI reporting/resource setting configuration could be updated to include PCI information for inter-cell beam management.
For case of inter-cell mobility, when the UE performs RRM measurements on neighboring cells, the UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration. The principle of scheduling restriction can be extended to L1 measurement on SSB or CSI-RS for mobility. In order to determine the resources used for scheduling restriction, timing of different cells in L1 report can be considered together with the L1 measurement results.  But differentiating from the scheduling restriction of SSB measurement in SMTC window in current spec, if SSB/CSI-RS from neighboring cells are measured by layer1 outside the SMTC window for the inter-cell measurement, the scheduling restriction scheme needs to be extended to the resources for L1 measurement based on timing in L1 report to avoid affecting neighboring cell measurement. In L1 report, timing offset between source cell and target cell can be carried through positive or negative quantization value. Based on the L1 report, the gNB can determine whether the scheduling restriction applies to the symbol(s) before or after the RS symbols of the neighboring cell. In addition, for inter-cell multi-TRP case, the solution of L1 report carrying timing offset of different cells can assist the gNB to select the appropriate TRPs for simultaneous transmission. 

Support to report timing offset between different cells in L1/L2 report 

Enhanced beam indication and power control
For inter-cell mobility, inter-cell multi-TRP is an important approach that could be used to improve the user experience for continuous downlink and uplink transmission. Before the gNB configures UE to handover to the target cell, UE could be connected to the target cell not only for measurement but also for data transmission. Such early transmission from the target cell would enable seamless handover from the source cell to target cell without any interruption.
For non-ideal backhaul multi-TRP scenarios, the uplink transmission should also be able to be targeted towards TRP from neighboring cell. If the uplink control signalling and data would always be transmitted to the TRP in the source cell and then forwarded to the target cell in a non-ideal backhaul scenario, it would not be possible to achieve seamless mobility experience. Thus for inter-cell multi-TRP operation enhancement in Rel-17, spatial relation indication for uplink transmission should also be considered.  

For inter-cell mobility in Rel-17 both QCL enhancement for DL and spatial relation enhancement for UL should be considered.
Based on the inter-cell beam report, the SSBRIs/CRIs corresponding to different PCIs through L1 measurement are known by gNB. Then the gNB can apply the RS resource from the neighboring cell as the QCL source or the source of spatial relation or pathloss RS. It can be noticed that SRS for positioning already supports spatial relation configured/activated targeting another PCI. Similar configuration could also be enhanced for other channels/RSs.

TCI state/spatial relation/power control enhancement with additional information of the target cells (at least including PCI information) should be considered for inter-cell mobility.

Beam selection for multi-panel UE
[bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK78][bookmark: OLE_LINK79]In 3GPP Rel-16 the enhancements for enabling panel-specific UL beam selection were investigated, in RAN1 meetings three MPUE categories are proposed as follows. 
MPUE-Assumption1: Multiple panels are implemented on a UE and only one panel can be activated at a time, with panel switching/activation delay of [X] ms
MPUE-Assumption2: Multiple panels are implemented on a UE and multiple panels can be activated at a time and one or more panels can be used for transmission
MPUE-Assumption3: Multiple panels are implemented on a UE and multiple panels can be activated at a time but only one panel can be used for transmission
[bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK33][bookmark: OLE_LINK34]But RAN1 cannot agree on the support of at least one of MPUE-Assumption1, MPUE-Assumption2, MPUE-Assumption3, enhancements on panel-specific beam selection for uplink will not be supported in Rel-16.In the discussion of the NR MIMO scope of Rel-17, due to the concern on RAN4 impact, hardware implementation limitation and possible cross over with other objectives, the WID discussion narrowed down the scope of the assumptions of UE transmission across multiple panels. STxMP (simultaneous transmission across multiple panels), including simultaneous transmission of different UL channels/RSs across multiple panels was not included in the scope. 
For MPUE, the propagation paths between gNB and multiple UE panels are different which results in the different performance per UE panel. The radio link quality between the current UE panel and gNB may deteriorate due to UE moving, rotation and blockage, which requires switching to another panel at UE. 
[bookmark: OLE_LINK40][bookmark: OLE_LINK41]For MPUE-Assumption3, the power consumption needs to be considered whether the multiple panels are always activated simultaneously. To save power consumption, UE panel activation/deactivation scheme can be introduced. For example, if the channel conditions are relatively stable, e.g. no deep fading and blockage, or if the UE status does not change, e.g. no movement and rotation, within a time duration only one panel at UE can be used for transmission/reception. And the other panel at UE can be deactivated to save power consumption. If the UE is configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet, two panels at UE can be activated to communicate with the two TRPs.
The UE panel activation/deactivation can be indicated by gNB signaling based on beam report or UL transmission performance, or UE autonomously activates/deactivates the antenna panels based on the beam measurement per antenna panel. UE panel activation and deactivation not only have influence on UL transmission but also on DL measurement. If a panel is deactivated, the panel may not be used for corresponding CSI measurement or even beam report.
In multi-TRP case, the radio link performance can benefit from multi-TRP transmission with multi-panel reception. Based on each radio link quality, e.g. RSRP of different TRP, the gNB can schedule DL channel transmission from the selected TRP, and the UE switches to the corresponding panel to receive the DL channel. Based on the group based beam report for multi-TRP, the DL channels from the two TRPs can be transmitted according to gNB scheduling. Then multiple panels at UE need to be activated and used for reception simultaneously.
In Rel-17 NR MIMO scope, for increasing UL coverage including, e.g. mitigating the UL coverage loss due to meeting the MPE (maximum permissible exposure) regulation, the MPE issue may occur on all transmit beams from one panel, therefore, a solution for MPE mitigation may only be performed per panel basis to meet the regulatory requirement for scenarios of interest. So panel switching caused by MPE mitigation should also be considered.

UE panel switching scheme enhancement in Rel-17 should at least consider the following aspects:
UE power saving
multi-TRP operation
MPE mitigation.
The purpose of panel switching is to select a panel to get better link performance. Whether the current panel works depends on the measurement at gNB or UE. For downlink, multiple types of DL RS can be used to measure radio link quality, e.g. RS for beam management, beam failure detection RS, pathloss RS, etc. The RS resource can be configured to associate with different UE panels.  
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK61]At UE side, the UE measures L1-RSRP/L1-SINR of SSB or CSI-RS resources through different panels and selects best SSBRIs/CRIs as well as the best panels. The panel which is indicated explicitly or implicitly in beam report can be known by gNB for scheduling UE to measure CSI and data transmission. For UL measurement of the UE without beam correspondence, only local beam sweeping by SRS resources may be adopted on the activated panels based on beam report. In the case of one SSBRI/CRI associated with multiple panels in beam reporting, if gNB indicates this SSBRI/CRI as source RS in TCI state/spatial relation, the UE can receive DL channel or transmit UL channel by autonomously selecting and switching panel. 
At gNB side, if the linkage between SRS resource (set) and UE panel is used to facilitate panel-specific beam selection, the gNB can measure SRS resources and select a better panel by triggering the aperiodic SRS resource set(s). Based on the unified TCI framework, the SRS can be used as QCL source and used for fast panel selection when the gNB schedules channel /RS
For MPE issue, when the UE declares MPE event through measurement results from sensors, it can report to the gNB on panel switching or reduce transmission power. In the UE report the panel information with the MPE event can be notified to gNB.
From the above analysis, the beam selection based on panel switching requires that the gNB or UE determine the better panel by measurement, and use the corresponding signaling procedure, so that the alignment of panel switching is got at gNB and UE.

Study the measurement, reporting, signaling and procedures for alignment of panel switching at gNB and UE.
[bookmark: OLE_LINK20][bookmark: OLE_LINK22]In Rel-16 different MPUE categories are proposed. For MPUE-Assumption1, when performance is degraded due to UE movement, rotation or blockage, the UE needs to switch to a new panel. The panel switching/activation delay is [X] ms. Before data transmission/reception on the new activated panel, beam management and CSI acquisition are needed firstly for the new activated panel, which will increase latency. Besides, MPUE-Assumption1 cannot receive DL data by using multiple panels at same time, especially in case of multi-TRP, which affects the DL reception performance. Even for MPUE-Assumption3, multiple panels can be activated at a time but only one panel can be used for transmission. For example, only one panel can be activated at UE to transmit/receive channel for power saving, but all panels are activated during measurement, e.g. beam measurement. The propagation paths between gNB and UE panels are different which results in the different performance per UE panel. If there are panels which correspond to the poor channel condition, long term activation of such panels will increase UE power consumption. To save power consumption, UE panel activation/deactivation scheme can be introduced.
[bookmark: OLE_LINK83][bookmark: OLE_LINK84]Then, panel activation/deactivation is an important issue to be studied. For the case of panel activation/deactivation under gNB’s control, the panel activation/deactivation can be based on the explicit or implicit indication. For example, the panel is indicated by higher layer signaling or DCI to activate/deactivate UE panel, or the panels switching is based on the configuration/activation of RS which is associated with a UE panel. For the UE-centric scheme of panel activation/deactivation, the UE can switch panels and inform gNB its panel status to assist the gNB and UE’s alignment of panel status. If a panel is deactivated, the panel cannot be used for corresponding measurement or transmission/reception. There are disadvantages for gNB-centric panel activation/deactivation, such as additional DL signaling overhead, collision with UE’ device management. 

Optimize the UE operation with only one activated panel for control/data transmission/reception for both MPUE-Assumption1 and MPUE-Assumption3 in Rel-17. 
Based on the above analysis, UE panel switching/activation/deactivation enhancement in Rel-17 can be considered for UE power saving, multi-TRP operation and MPE mitigation. The UE panel activation/deactivation should be aligned between gNB and UE. The introduction of panel ID is the most straightforward way, e.g. introduce panel ID in UE report or gNB scheduling, to reduce the spec complexity caused by new rules. 

[bookmark: OLE_LINK62][bookmark: OLE_LINK63]UE panel ID can be introduced to assist network and UE’s alignment of panel activation/deactivation.

MPE issue for multi-panel UE
[bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK8][bookmark: OLE_LINK19][bookmark: OLE_LINK29][bookmark: OLE_LINK32]In Rel-16, RAN4 provides some solution for MPE issue by introducing P-MPR report. P-MPR is the maximum output power reduction. The UE shall apply P-MPR to ensure compliance with applicable electromagnetic power density exposure requirements and addressing unwanted emissions/self-defense requirements. Based on P-MPR report the gNB can obtain the real-time status of the UE accurately, and adjust the scheduling scheme and panel/beam selection accordingly. In RAN4 discussion, the triggering condition and triggering threshold are considered, and the MAC CE format for P-MPR report is to be designed and enhanced by RAN2.  
In Rel-17 NR MIMO scope, the MPE issue mainly refers to mitigating the UL coverage loss due to meeting the MPE regulation by panel-specific UL beam selection. For MPUE, the propagation links between each UE panel and TRP are different, leading to different channel paths and different beamforming gain. Similarly, MPE event for each panel happens independently, while only the panel close to the human body needs power fallback.  
In order to reflect the performance difference of each panel/beam accurately, the panel/beam specific P-MPR report can be introduced in Rel-17. When the UE detects by sensors that the current UL beam is close to the human body, the corresponding mechanism is triggered to meet the emission safety. For example, the UE can reduce the transmission power of the current panel, or deactivate the panel with current UL beam, activate another panel, or. If the power fallback is adopted, the additional fading should be considered due to the blockage by the human body.
It is noted that in Rel-17 NR MIMO WID the MPE issue may occur on all transmit beams from the panel, therefore, a solution for MPE mitigation may only be performed per panel basis to meet the regulatory requirement for scenarios of interest. 
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]From the perspective of MPE event detection at UE, the UE needs to exactly sense whether the UL beam is pointing to the human body and whether it is close enough to the human body. Such complicated environment sensing and MPE event judgement function with sufficient accuracy at beam level would not be implemented by UE. In the EVM discussion for Rel-17 NR FeMIMO, the panel blockage modeling for MPE is that only one panel is blocked and the blocked panel is randomly selected at each drop. When MPE occurs, the maximum TX power for the covered panel is reduced by 10dB P-MPR. From the baseline assumptions for MPE, it can be seen the UL beam is selected per panel basis. So Rel-17 MPE related enhancement should support panel specific P-MPR report.

Support MPE enhancement based on Rel-16 MPE framework in RAN4.
Support MPE enhancement per panel basis in Rel-17.
[bookmark: OLE_LINK39][bookmark: OLE_LINK42]When the gNB schedules the UE for UL beam selection based on P-MPR report, different UE capabilities and operation modes need to be considered e.g. for the UE supporting single activated panel or multiple activated panels, for the UE supporting single beam or multiple beams. 
For the UE supporting multiple activated panels, when MPE event is declared by UE, if the UL beam needs to be switched to another panel, the optimal DL beam link can remain unchanged for the original panel. Then multiple panels of UE need to be activated simultaneously and used for downlink reception and uplink transmission respectively, which increases the UE power consumption.  
[bookmark: OLE_LINK36][bookmark: OLE_LINK43]From the perspective of power saving, it is a good choice to select the DL beam and UL beam on the same panel, which is also a necessary restriction for the UE supporting single activated panel. After the UE declares MPE event and transmits panel specific P-MPR report, based on the tradeoff between the performance of DL beam link and the performance of UL beam link, the gNB selects an optimal UE panel and schedules data transmission. It is noted that the latency of panel switching should be considered for UE supporting single activated panel, which can be satisfied by the scheduling offset between DCI and the scheduled channel.
We provide the uplink and downlink transmission performance in the case that the UE declares MPE event. The two cases of beam selection are as follows:
Case1: when MPE event is declared by UE, the UE continues to use the blocked panel for downlink and uplink transmission.
Case2: when MPE event is declared by UE, the UE may switch to another panel for downlink and uplink transmission.
The Case1 of beam selection is the baseline. We provide UPT comparison for full buffer and UPT comparison for FTP model 1 with RU for baseline Case1 downlink transmission set to 24% for Dense Urban. Both full buffer and FTP1 traffic model, considerable UPT gain can be observed at 5% and 50% UPT/SE, and mean UPT/SE as well. For FTP1, the same packet arrival rate (λ) for Case1 DL is set for Case2 DL, Case2 UL and Case1 UL. The simulation results are shown in the tables below. Detailed simulation assumptions and probability statistical results for declaring MPE event can be found in Annex.
Case1 vs. Case2 for Indoor Hotspot with full buffer traffic model
	
	Mean
	5%SE
	50%SE

	Case1(DL and UL)
	0.00%
	0.00%
	0.00%

	Case2(DL)
	5.50%
	144.44 %
	2.74%

	Case2(UL)
	19.42%
	125.00%
	23.19%



Case1 vs. Case2 for Dense Urban with full buffer traffic model
	
	Mean
	5%SE
	50%SE

	Case1(DL and UL)
	0.00%
	0.00%
	0.00%

	Case2(DL)
	20.49%
	500.00%
	5.00%

	Case2(UL)
	143.90%
	
	200.0%


Note:  is due to the uplink transmission of Case1 and Case2 with 5%SE having an absolute value of 0.00.

Case1 vs. Case2 for Dense Urban with FTP1 traffic model
	
	Mean
	5%UPT
	50%UPT

	Case1(DL and UL)
	0.00%
	0.00%
	0.00%

	Case2(DL)
	12.11%
	438.80%
	1.02%

	Case2(UL)
	25.88%
	537.04%
	139.69%



As the average SINR for Dense Urban is low, transmission performance loss is nearly 20dB in case of MPE event. This performance loss results in throughput of 0 for edge users. From the simulation results, when MPE event is declared by UE, if the panel can be switched for uplink beam selection, a significant performance gain is produced compared to the UE continuing to use the blocked panel. If the same panel is switched for both DL beam selection and UL beam selection, both the uplink and the downlink can obtain performance gain.

For panel switch triggered by MPE, when the panel is switched for both downlink reception and uplink transmission, the downlink can also obtain a good performance. 

[bookmark: _Hlk47564450]For panel switch triggered by MPE event, both multiple activated panel operation and single activated panel operation should be considered for DL reception and UL transmission.

[bookmark: OLE_LINK49][bookmark: OLE_LINK50]For the UE supporting single activated panel, the gNB needs to align the selected panel based on the beam report and P-MPR report, where the panel information is corresponding to the DL beams and UL beams. For UL beam selection on panel basis, the gNB determines the UL quality for the different panels based on the panel specific P-MPR report including P-MPR values and panel IDs. But for DL and UL beam selection, the gNB cannot ensure that the panel with the selected DL beam is the same as that of the selected UL beam, even if the UE knows the panels corresponding to the reported SSBRIs/CRIs in beam report. For example, the gNB may select a CSI-RS resource measured by first panel at UE as the source RS in TCI state for downlink channel beam indication, but select another CSI-RS resource measured by second panel at UE as the source RS in spatial relation for uplink channel beam indication. So in order to ensure accurate scheduling and panel switching for this UE capability, mechanisms for alignment of DL reception panel and UL transmission panel should be designed to facilitate single active panel operation.

Mechanisms for alignment of DL reception panel and UL transmission panel due to panel switch triggered by MPE should be designed to facilitate single activated panel operation. 

Discussion on Rel-17 NR FeMIMO EVM
For the simulations of inter-cell mobility, the companies have different options on the mobility setup and simulation assumptions. Linear trajectory is introduced to simulate the mobility of UE, in which each UE moves in fixed straight line with certain length and different UEs are located in different lines. The understandings of companies on inter-cell procedure need to be aligned. 
For whether to include SLS as baseline for inter-cell mobility, we think it is reasonable argument that SLS may not provide comparable metrics that could facilitate discussion in future RAN1 (e-)meetings. Simplified but meaningful setup may be more valuable to guide Rel-17 MIMO. Since LLS in HST or highway already has fixed moving trajectory, it is convenient to reuse LLS in inter-cell mobility. Beside, LLS could check the performance of UE with the specific conditions, for example, one certain UE passing through the cell edge. Since many UEs with various channel conditions are dropped in SLS, it would not be easy to just obtain the performance of the UEs which need inter-cell mobility.
For LLS, at least the following can be considered. 
First, the understanding on UE behavior for LLS with fixed moving trajectory needs to be aligned, including how and when to measure, report and handover. Modeling of legacy L3 measurement may need aligned assumption between companies. Trajectories introduced for HST and highway could be reused. The areas with high probability of handover should be the major focus.
Second, fixed latency for signaling could be introduced in the LLS simulation, with calculation conducted beforehand to achieve common understanding between companies. Here, signaling latency includes reporting signaling and handover signaling.
Third, other metrics like experienced RSRP could also be provided with reduced simulation time. Note that experienced RSRP means the RSRP UE is conducting data transmission.

Adopt LLS in L1/L2 inter-cell mobility at least for the HST scenarios with clarification on legacy L3 measurement and reporting behavior.
In the discussion on Rel-17 NR FeMIMO EVM, the simulation assumption for MPE issue is determined. There is one issue that needs further clarification. Outdoor users are assumed to be with a speed of 30 km/h. It should be clarified whether such UE is a UE in cars or not. If the UE is within car, O2I car penetration loss that is defined in Clause 7.4.3.2 of TR38.901 needs to be considered. 

Clarify the simulation assumption for car penetration loss for the outdoor UE with 30km/h in the discussion on MPE issue.

Conclusions
In this contribution, we analyze potential enhancements of multi-beam operation in Rel-17. To summarize, we have following observations and proposals.
1. 
Independent beam indications for DL and UL channels/RSs require a heavy signaling overhead.
Default beams for PDSCH, PUCCH, PUSCH, CSI-RS and SRS are specified in Rel-15 and Rel-16.
1. 
The performance of MAC CE-based and DCI-based solutions for common beam indication is almost the same.
1. 
Narrow beam provides better data transmission efficiency while wide beam provides more robustness. 

In current spec, the solution of TCI state/spatial relation framework of each channel/RS leads to a large amount of signaling overhead.

For beam tracking, UL beam management is more conducive to UE power saving and latency reduction.

· The delay to obtain valid L3 beam measurement could be as large as several seconds with current FR2 requirement. 
 
· L3 inter-cell measurement is restricted by SMTC and configuring short period for SMTC would cause increased interruption to data transmission and larger power consumption.

For panel switch triggered by MPE, when the panel is switched for both downlink reception and uplink transmission, the downlink can also obtain a good performance. 

1. 
Existing solution of default beam scheme in Rel-15/Rel-16 can be extended to unify the beam indication for different DL/UL channels/RSs.
1. 
The TCI state of a CORESET, e.g. CORESET with the lowest controlResourceSetId, can be used as the common beam for other DL/UL channels/RSs to reduce signaling overhead of beam indication.

Support MAC CE-based scheme for common beam indication.

Support multiple common beams in Rel-17 for different channel/RS.
Support MAC CE-based multiple common beams update.

Support common beam operation for multi-TRP case.

Support simultaneous spatial relation update by a MAC CE for PUCCH resource/PUCCH resource group for all the BWPs in the indicated CCs.
Support MAC CE-based TCI state update for SP-/AP-CSI-RS. 
Support pathloss RS update for PUCCH/PUSCH/SRS by a MAC CE for all the BWPs in the indicated CCs.

DL and UL channels can share a common TCI state pool configured by RRC.

Support configuration of SRS as QCL-TypeD source for DL channel.

For UL beam indication, it can be considered that the SRS for ‘beamManagement’ is directly applied in SRI field, the size of which can be extended with multiple bits.
 
· Support L1 inter-cell beam report based on L1 inter-cell beam measurement.

· Support the reporting of the L1 measured inter-cell beam qualities based on legacy L3 inter-cell beam measurement behavior. 

· Support L1 inter-cell beam measurement outside SMTC with low increase of complexity and power consumption. 

· Clarify the scheduling restrictions for L1 inter-cell beam measurement. 

CSI reporting/resource setting configuration could be updated to include PCI information for inter-cell beam management.

Support to report timing offset between different cells in L1/L2 report 

For inter-cell mobility in Rel-17 both QCL enhancement for DL and spatial relation enhancement for UL should be considered.

TCI state/spatial relation/power control enhancement with additional information of the target cells (at least including PCI information) should be considered for inter-cell mobility.

UE panel switching scheme enhancement in Rel-17 should at least consider the following aspects:
UE power saving
multi-TRP operation
MPE mitigation.

Study the measurement, reporting, signaling and procedures for alignment of panel switching at gNB and UE.

Optimize the UE operation with only one activated panel for control/data transmission/reception for both MPUE-Assumption1 and MPUE-Assumption3 in Rel-17. 

UE panel ID can be introduced to assist network and UE’s alignment of panel activation/deactivation.

Support MPE enhancement based on Rel-16 MPE framework in RAN4.
Support MPE enhancement per panel basis in Rel-17.

For panel switch triggered by MPE event, both multiple activated panel operation and single activated panel operation should be considered for DL reception and UL transmission.

Mechanisms for alignment of DL reception panel and UL transmission panel due to panel switch triggered by MPE should be designed to facilitate single activated panel operation. 

Adopt LLS in L1/L2 inter-cell mobility at least for the HST scenarios with clarification on legacy L3 measurement and reporting behavior.

Clarify the simulation assumption for car penetration loss for the outdoor UE with 30km/h in the discussion on MPE issue.
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Annex
[bookmark: _Ref47565251]Link-level simulation assumption for common beam indication
	Parameter
	Value

	Carrier frequency
	30GHz 

	Subcarrier spacing 
	120KHz

	Propagation condition
	CDL-D

	gNB antenna configuration
	2 ports: [Mg, Ng, M, N, P]=[1, 1, 4, 8, 2];

	UE antenna configuration
	2 ports: [Mg, Ng, M, N, P]=[1, 1, 2, 4, 2]

	Analog Codebook setup at TRP
	Vertical: [-3/16 -2/16 -1/16 0 1/16 2/16 3 /16]*pi;
Horizontal: [1/4 3/4]*pi

	Analog Codebook setup at UE
	Vertical: [-2/8 -1/8 0 1/8 2/8]*pi;
Horizontal: [1/4 3/4]*pi

	Beam training period
	10ms

	DMRS type
	Type 1, pos=[3 7 11]

	PDSCH mapping
	Type A, Starting symbol 2, Duration 12

	Bandwidth
	50RB

	MCS
	16QAM, 490/1024

	Rank
	1

	UE speed
	60/120/300km/h



[bookmark: _Ref47445762][bookmark: _Ref47698540]System-level simulation assumption for common beam
	Parameters
	Value

	Duplex, Waveform
	FDD, OFDM 

	Multiple access
	OFDMA 

	Scenario
	Indoor hotspot (InH)

	Frequency Range
	FR2: 30GHz，80MHz BW and 120kHz SCS；

	Channel model
	According to the TR 38.901

	Antenna setup and port layouts at TRP for narrow beam
	2 ports: (4,4,2,1,1) for 30GHz
(Mp,Np) = (1, 2)

	Antenna setup and port layouts at TRP for wide beam
	2 ports: (2,4,2,1,1) for 30GHz
(Mp,Np) = (1, 2)

	Analog Codebook setup at TRP for narrow beam
	Vertical:[-3/8pi -1/8pi 1/8pi 3/8pi]; 
horizontal:[-3/8pi -1/8pi 1/8pi 3/8pi]

	Analog Codebook setup at TRP for wide beam
	Vertical:[-1/4pi 1/4pi]; 
horizontal:[-1/4pi 1/4pi]

	Antenna setup and port layouts at UE
	For 30 GHz: (M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV, dH) = (0.5, 0.5)λ. (dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (0, 0)λ. * Θmg,ng=90°; Ω0,1=Ω0,0+180 

	Analog Codebook setup at UE
	Vertical:[1/6pi, 2/6pi]; 
horizontal:[-3/8pi -1/8pi 1/8pi 3/8pi]

	Digital Codebook
	Type2 Codebook

	Physical layer abstraction
	RBIR

	Channel estimator
	Ideal

	Receiver
	MMSE IRC

	Rank candidate
	Transmission layer 1 or 2 per TRP

	CSI feedback period
	4

	CSI feedback delay
	5

	CQI/MCS table
	eMBB 256QAM

	Traffic model
	FTP1

	Packet Size
	4Mbit

	UE receiver noise figure
	9dB

	Number of RBs
	52



System-level simulation assumption for MPE
	Parameters
	Values

	Scenarios
	· Dense urban (macro-layer only, TR 38.913) @FR2, 200m ISD, 2-tier model with wrap-around (7 sites, 3 sectors/cells per cell), 100% outdoor
· the number of UEs is 105 at each drop
· Indoor (TR 38.901/802)
· the number of UEs is 120 at each drop

	UE speed
	3 km/hr for indoor UEs, 30km/hr for outdoor UEs 

	Panel Blockage Modeling for MPE
	Only one panel is blocked. The blocked panel is randomly selected at each drop
· Blocking entails an additional pathloss of 10dB applied to both DL and UL
For simulation with full buffer traffic, a blocking event is determined, started at the beginning of each drop, and sustained throughout the entire drop.

	MPE Modeling
	When MPE occurs, the maximum TX power for the covered panel is reduced by 10dB P-MPR. That is, the actual maximum TX transmit power = maximum EIRP (22dBm) – P-MPR (10dB)

	UE-side panel switching latency
	0 ms for active panels

	Performance metrics
	CDF of UE throughput, avg. and 5% UE throughput (representing cell-edge coverage)

	Frequency Range
	FR2 @ 30 GHz,
· SCS: 120 kHz
· BW: 80 MHz

	Transmission Power
	Maximum Power for base station is 40dBm;
Maximum Power for UE is 22dBm;

	BS Antenna Configuration
	(M, N, P, Mg, Ng) = (4, 8, 2, 2, 2). (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ
32 beams at BS side: vertical[1/8pi, 3/8pi, 5/8pi, 7/8pi]; horizontal[-7/16pi, -5/16pi, -3/16pi, -1/16pi, 1/16pi, 3/16pi, 5/16pi, 7/16pi];

	BS Antenna radiation pattern
	TR 38.802 Table A.2.1-6, Table A.2.1-7

	UE Antenna Configuration
	Number/location of panels: 3 panels (left, right, and back) 
Panel structure
-	(M, N, P) = (1, 4, 2)
-	8beam at UE side:vertical[0.0]; horizontal[-3/8pi, -1/8pi, 1/8pi, 3/8pi]

	UE Antenna radiation pattern
	TR 38.802 Table A.2.1-8, Table A.2.1-10

	Beam correspondence
	Perfect beam correspondence，∆EIRPBC =0

	Link adaptation
	Based on CSI-RS

	Rank candidate	
	Only rank1

	Traffic Model
	Full buffer and FTP model 1 with packet size 0.5Mbytes for DL and 0.1Mbytes for UL

	Inter-panel calibration for UE
	Ideal

	Control channel decoding
	Ideal

	UE receiver type
	MMSE-IRC

	BF scheme
	DFT based

	Transmission scheme
	SU-MIMO

	Other simulation assumptions
	serving TRP selection ：max L1-RSRP
scheduling algorithm ：PF

	Algorithm details (when applicable)
	Beam metric:L1-RSRP
One panel is active during the data transmission



MPE trigger ratio for full buffer and FTP1 traffic model
	
	MPE trigger ratio

	Indoor(full buffer)
	32.71%

	Dense Urban(full buffer)
	34.76%

	Dense Urban(FTP1)
	32.71%
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