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Introduction
In this contribution, we discuss the enhancement on beam management operation for Rel-17 MIMO. Our views on unified TCI framework, inter-cell mobility, beam indication signaling medium, uplink panel selection and MPE issues would be presented. 
Enhancement on beam management
Unified TCI framework
In RAN1#104b-e meeting, the following agreements on unified TCI framework were achieved [1]:

Agreement
On the setting of UL PC parameters except for PL-RS (P0, alpha, closed loop index) for Rel.17 unified TCI framework, for each of PUSCH, PUCCH, and SRS, in RAN1#105-e, further discuss to down-select or combine from the following alternatives:
1. AltA. The setting of (P0, alpha, closed loop index) is also associated with UL or (if applicable) joint TCI state
2. AltB. The setting of (P0, alpha, closed loop index) is also included with UL or (if applicable) joint TCI state
3. AltC. The setting of (P0, alpha, closed loop index) is neither associated with nor included in UL or (if applicable) joint TCI state
Note: It has been agreed that the setting of (P0, alpha, closed loop index) is associated with UL channel or UL RS (therefore the setting is channel- and signal-specific).


Agreement
On Rel.17 unified TCI framework, in RAN1#105-e, further discuss to down select or combine from the following three alternatives for PL-RS (note: the text below is based on the agreed description in RAN1#104-e):
· AltA. PL-RS can be included in UL TCI state (or, if applicable, joint TCI state).
· FFS: Whether it is always included or not. If not included, PL-RS is the periodic DL-RS used as a source RS for determining spatial TX filter or the PL RS used for the UL RS in UL or (if applicable) joint TCI state. 
· AltB. PL-RS can be associated with (but not included in) UL TCI state (or, if applicable, joint TCI state)
· FFS: Exact association mechanism
· FFS: Whether it is always associated or not. If not associated, PL-RS is the periodic DL-RS used as a source RS for determining spatial TX filter or the PL RS used for the UL RS in UL or (if applicable) joint TCI state
· AltC. UE calculates path-loss based on periodic DL RS configured as the source RS for determining spatial TX filter in UL or (if applicable) joint TCI state 
· FFS: If a PL RS is not included in or associated with the UL TCI state (or, if applicable, joint TCI state), whether the UE can estimate path-loss based on the PL-RS of an UL RS provided in an UL TCI state (or, if applicable, joint TCI state) as a source RS for determining the spatial TX filter.
In addition:
· FFS (to be decided in RAN1#105-e) whether a fallback scheme is needed and, if so, the details 
· FFS: Support additional UE capability to report whether above PLRS determination mechanism is supported
· Note: As agreed in RAN1#104-e, the total number of maintained PL-RSs per CC is no more than 4
· FFS: investigate the condition(s) agreed in Rel-17 and, if needed, study whether a UE can simultaneously maintain more than four path-loss estimates based on UE capability
· FFS: UE capability for maximum number of active PL-RS across CCs per band
Since UE needs to do channel averaging over PL RS, the total number of PL RS activated for a UE is often smaller than that for QCL-TypeD reference. In Rel.16 the maximum number of activated PL-RS is 4 per UE. For some TCI state, the PL RS may be different than the spatial source RS. In addition, semi-persistent RS, aperiodic RS, or an UL RS have not been excluded to be the source of QCL-Type D RS, which could not be used to measure the path-loss. If UE calculates path-loss based on the source RS (AltC), additional rules (such as default PL-RS) need to be defined for these cases. For flexibility and future proofness, it is preferable to not omit PL RS for TCI state. To this end, it is straightforward to configure PL RS to be associated in a TCI state explicitly by RRC. For more flexibility and limiting the number of activated PL-RS, we prefer to configure the mapping between PL RS and TCI state using MAC-CE. Therefore, the relationship could be updated dynamically by MAC-CE. A MAC-CE could be used to configure the association between a TCI state and a PL RS. One possible solution is to use the same MAC-CE which activates/updates the TCI states. We may define the activation/update MAC-CE to include the following contents:
· Activated joint TCI states or UL TCI states
· PL RS of each activated UL related TCI state
Proposal-1: PL-RS can be associated with (but not included in) UL TCI state (or, if applicable, joint TCI state) (AltB).
Proposal-2: Use the same MAC-CE which activates the TCI states to configure the association between PL-RS and each activated TCI state.

In Rel-15/16, the PC parameters (, CL index) are allowed to be different for different channels. For PUSCH and PUCCH, the PC parameters are beam-specifically configured (e.g. PC parameters are linked to the SRI through RRC configuration for PUSCH, or they are configured in PUCCH-SpatialRelationInfo for PUCCH). In Rel-16, the PC parameters are configured per SRS resource set instead of per SRS resource. The motivation is that all the SRS resources within a set are transmitted from the same panel or to the same TRP. Then the same receiving power is expected. Therefore, there is no need to configure PC parameters in the resource level. However, in Rel-17, a unified framework is preferred, where the configuration for SRS should be aligned with that for PUSCH and PUCCH. So the PC parameters for PUSCH, PUCCH and SRS should be configurable per TCI per channel. Similar to PL RS, the association between PC parameter setting and TCI state could be indicated using the same MAC-CE which activates/updates the TCI states. Namely, for each activated TCI state, three sets of PC parameters (i.e. for PUCCH, PUSCH and SRS) are configured in the activation MAC-CE.

Proposal-3:For PUSCH, PUCCH and SRS, the setting of (P0, alpha, closed loop index) is associated with UL or (if applicable) joint TCI state (AltA). 
Proposal-4: Use the same MAC-CE which activates the TCI states to configure the association between PC parameter setting and each activated TCI state.

Separate DL/UL TCI states are usually used when beam correspondence is not satisfied. For example, the MPE issue would cause UE using a different UL beam than the DL beam. The occurrence of MPE issue is not static. So UE may be indicated with separate DL/UL TCI or joint DL/UL TCI semi-statically or dynamically. The differentiation between joint DL/UL TCI and separate DL/UL TCI depends on how the separate DL/UL TCI state is indicated. For beam indication, a MAC-CE activates a set of TCI states from a TCI state pool. If DL TCI and UL TCI have to be indicated simultaneously, the number of TCI states corresponding to one codepoint would imply whether joint DL/UL TCI state (in case of 1 TCI state) or separate DL/UL states (in case of 2 TCI state) are indicated. Otherwise, the indication of either joint TCI or separate TCI could be configured in this activation MAC-CE. If semi-static indication is supported, an IE field is introduced in the MAC-CE, which is used to indicate all the activated TCI states by the MAC-CE are joint TCI or separate TCI. On the other hand, if dynamic indication is supported, each codepoint would be associated with a corresponding IE field to indicate if the corresponding TCI state is joint or separate. Therefore, switching between joint TCI and separate TCI is dynamically determined by DCI.

Proposal-5:For indication of either joint DL/UL TCI or separate DL/UL TCI, either of the following alternatives could be supported:
· A UE can be dynamically indicated with either joint DL/UL TCI or separate DL/UL TCI (Alt1).
· A UE can be configured with either joint DL/UL TCI or separate DL/UL TCI via MAC CE signaling (Alt3).

For intra-band CA, there is an offline proposal that CC-specific source RSs are used to provide QCL Type-D indication and to determine UL TX spatial filter for their corresponding CCs. These source RSs are further associated with a same QCL-TypeD RS. In Rel-15/16, each CC will take its own RS as TypeD RS instead of a single RS. The proposed QCL chain is aligned with that of Rel-15/16 and consequently has no impact on RLM/BFR. Therefore, it should be supported in Rel-17. 

Proposal-6: A CC-specific QCL-TypeD source RS can be determined from the indicated common TCI state ID to provide QCL Type-D indication and to determine UL TX spatial filter. The determined QCL-TypeD CC-specific source RSs for the set of configured CCs are further associated with a same QCL-TypeD RS.

There are different requirements for data and control channel. For control channel, robustness and coverage are more important. To achieve the performance objective, the control channel may be tramistted using a wide beam, or be transmitted with different narrow beams for diversity. For data channel, the objective is higher data rate, where a precise narrow beam is preferred. Within the unified TCI framework, if a single common beam is allowed, these different requirements are compromised. From the perspective of network flexibility and possible better system performance, we may consider to support more than one common beam. Namely, for single TRP, M>1 DL TCI states and N>1 UL TCI states could be considerred in Rel-17. For configuration, each channel/RS may be associated with a common beam index. Those channels/RSs with the same index would use the same common beam. 

Proposal-7: For single TRP, M>1 DL TCI states and N>1 UL TCI states could be supported. 
Beam indication signaling medium
In RAN1#104b-e meeting, the following agreements on beam indication were achieved [1]:
Agreement
For beam indication with Rel-17 unified TCI, support DCI format 1_1/1_2 without DL assignment:
· Use ACK/NACK mechanism analogous to that for SPS PDSCH release with both type-1 and type-2 HARQ-ACK codebook:
· Upon a successful reception of the beam indication DCI, the UE reports an ACK 
· Note that upon a failed reception of the beam indication DCI, a NACK can be reported.
· For type-1 HARQ-ACK codebook, a location for the ACK information in the HARQ-ACK codebook is determined based on a virtual PDSCH indicated by the TDRA field in the beam indication DCI, based on the time domain allocation list configured for PDSCH
· For type-2 HARQ-ACK codebook, a location for the ACK information in the HARQ-ACK codebook is determined according to the same rule for SPS release 
· The ACK is reported in a PUCCH k slots after the end of the PDCCH reception where k is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format, or provided dl-DataToUL-ACK or dl-DataToUL-ACK-ForDCI-Format1-2-r16 if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI
· When used for beam indication:
· CS-RNTI is used to scramble the CRC for the DCI 
· The values of the following DCI fields are set as follows:
· RV = all ‘1’s
· MCS = all ‘1’s
· NDI = 0
· Set to all ‘0’s for FDRA Type 0, or all ‘1’s for FDRA Type 1, or all ‘0’s for dynamicSwitch (same as in Table 10.2-4 of TS38.213) 
· FFS: Whether HPN is also used     
· Use the existing TCI field (always present) to signal the following: 1) Joint DL/UL TCI state, 2) DL-only TCI state (for separate DL/UL TCI), 3) UL-only TCI state (for separate DL/UL TCI) 
· FFS: Whether both DL TCI and UL TCI states can be signaled in one instance of beam indication DCI
· FFS: Relation with joint vs separate TCI (DL and/or UL) switching, including M/N>1 if supported
· In addition, use the following DCI fields as the fields are being used in Rel-16:
· Identifier for DCI formats
· Carrier indicator
· Bandwidth part indicator
· TDRA
· Downlink assignment index (if configured)
· TPC command for scheduled PUCCH
· PUCCH resource indicator 
· PDSCH-to-HARQ_feedback timing indicator (if present)   
· The remaining unused DCI fields and codepoints are reserved in R17
· Support UE to report whether or not to support TCI update by DCI format 1_1/1_2. 
· For a UE supporting TCI update by DCI format 1_1/1_2, it must support TCI update by using DCI 1_1/1_2 with DL assignment, and support of the above feature for TCI update by DCI format 1_1/1_2 without DL assignment is UE optional
· FFS: How to handle the case when there is only UL data
· FFS: The case for UE being indicated with separate UL TCI in DCI format 1_1/1_2 with DL assignment
· FFS: When more than one TCI codepoints are activated by MAC CE, the activated TCI state(s) for the lowest codepoint is/are applied 
· Support of this feature is UE optional
· The “lowest codepoint” function can be configured on or off.
· FFS: Interaction with the DCI based beam update if needed, whether/how to support the case with M or N > 1 if supported
· Note: This agreement on DCI beam indication design is not to be used to be against the support of the cases of M/N>1. The support of M/N>1 will be separately discussed and not dependent on the decision here.

The existing DCI formats 1_1 and 1_2 with DL assignment were agreed to be reused for beam indication within unified TCI framework. The ACK/NAK of the PDSCH scheduled by the DCI carrying the beam indication can be used as an ACK also for the DCI. In the case of single HARQ-ACK feedback, either ACK or NAK would imply DCI has passed CRC check and the beam indication has been received by UE. However, depending on gNB implementation, it is possible that HARQ-ACK of multiple PDSCH scheduled by multiple DCIs are reported in the same PUCCH resource. These HARQ-ACK bits are multiplexed to the same codebook. In this case, if one DCI is missed, there would still be a NAK bit corresponding to this DCI. Then, gNB could not discriminate that whether DCI or PDSCH is not correctly decoded. In this way, for the case of no HARQ-ACK multiplexing, Rel-15/16 acknowledgement mechanism could be reused. But for the case of HARQ-ACK multiplexing, the acknowledgement mechanism has to be enhanced to let gNB know the reception of beam indication. The following two alternatives may be considered to deal with this issue in Rel-17:

· Alt-1: HARQ-ACK multiplexing is not allowed for joint TCI or separate TCI indication in Rel-17
· Alt-2: Introduce additional ACK/NAK for the beam indication DCI whenever necessary

Alt-1 restricts the HARQ-ACK feedback timing, where gNB should not schedule the ACK/NAK of PDSCH scheduled by DCI formats 1_1 and 1_2 used for beam indication to be in the same PUCCH resource with the ACK/NAK of other DCIs or PDSCH. This alternative has small impact on the spec and has no backwards compatibility issue. Moreover, as the unified TCI framework is a new feature employed in Rel-17, define a specific rule (scheduling restriction) for this new feature should not be excluded. For Alt-2, one straightforward way is to introduce an additional 1 bit ACK/NAK for each DCI, which is encoded with the ACK/NAK bits of the PDSCH. But there is some redundancy for this scheme, since the ACK/NAK of DCI is only required when NAK is reported for the PDSCH. From the feedback overhead perspective, a more efficient way is to report the ACK/NAK of DCI whenever necessary (HARQ-ACK multiplexing and NAK is reported for PDSCH). Similar to CSI, the ACK/NAK report could be divided into two parts, where the overhead of part 2 is determined by the content of part 1. Part 1 could be either the ACK/NAK of the PDSCH or be the number of ACK/NAK of the DCI. Correspondingly, part 2 could be either the ACK/NAK of the DCI or be the encoded ACK/NAK of both the DCI and the PDSCH.


Proposal-8: Considering the acknowledgement mechanism for DCI formats 1_1 and 1_2 with DL assignment, the following two alternatvies may be considerred:
· Alt-1: HARQ-ACK multiplexing is not allowed for joint TCI or separate TCI indication in Rel-17
· Alt-2: Introduce additional ACK/NAK (e.g. two-part ACK/NAK) for the beam indication DCI whenever necessary

In RAN1#104-e meeting, the following agreements on beam indication were achieved [2]:

Agreement
On Rel.17 DCI-based beam indication, regarding application time of the beam indication: if beam indication is successfully received and the newly indicated beam in the beam indication is different from the previously indicated beam, down-select (no later than RAN1#105-e) one from the following. No other alternatives will be considered:
· Alt1: the first slot that is at least X ms or Y symbols after the [first/last] symbol of the DCI with the joint or separate DL/UL beam indication
· Alt2A: the first slot that is at least X ms or Y symbols after the [first/last] symbol of the acknowledgment of the joint or separate DL/UL beam indication 
· Alt 2B: the first slot that is at least X ms or Y symbols after the [first/last] symbol of the acknowledgment of the joint or separate DL/UL beam indication, except that the (new) TCI state update can be applied to the PDSCH, if it exists, (scheduled by the beam indication DCI) and corresponding ACK transmission (provided that the time offset between the DCI and the scheduled PDSCH exceed the threshold, analogous to Rel.15/16) 
· Alt2C: Support both Alt1 and Alt2A, and introduce a UE capability that indicates the support of Alt1 or Alt2A
· Alt3: the first slot that is at least X1 ms or Y1 symbols after the [first/last] symbol of the DCI with beam indication and X2 ms or Y2 symbols after the [first/last] symbol of the acknowledgment of the beam indication
· FFS: whether any existing timing defined for DCI based TCI/spatial relation update can be used for X/Y

For DCI 1-1/1-2 with DL data allocation, on the application timing of beam indication, there are two different ways in principle. One way is that the indicated beam is applied on the first slot that is X ms or Y symbols after receiving the DCI (Alt 1). This method implicitly assumes that PDSCH scheduled by the beam indication PDCCH may be after the application timing of indicated TCI state. Another way aims to guarantee the robustness of beam indication, where gNB/UE assumes the indicated beam becomes valid X ms or Y symbols after the beam indication acknowledgement (Alt 2A) unless additional rules are defined (Alt 2B). For Alt 1, there is a chance that gNB would transmit PDSCH using the new indicated beam, but UE does not switch to this new beam and remains its old beam due to DCI mis-detection. This misalignment exists in the transmissions between DCI indication and HARQ-ACK feedback. For Alt 2A/2B, there is no such misalignment. In addition, Alt 2B may lead to better PDSCH transmission at the cost of a complicated rule. Such better PDSCH transmission of Alt 2B only happens in one PDSCH transmission, which may not have significant impact on the system performance. From our point of view, Alt 2A is preferred. 

Proposal-9: The indicated beam is applied on the first slot that is at least X ms or Y symbols after acknowledgment of the joint or separate DL/UL beam indication (Alt 2A).

L1/L2-centric inter-cell mobility
In RAN1#104b-e meeting, the following agreements on L1/L2-centric inter-cell mobility were achieved [1]:

Agreement
On Rel.17 multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, 
· On the value of K (defined in RAN1#104-e as the number of beam qualities associated at least with non-serving cell(s) can be reported in a single CSI reporting instance), 
· For the supported maximum value(s) of K, down-select at least one from the following candidates {4, 8, 16}
· FFS: whether the maximum value of K is a UE capability
· Periodic, semi-persistent, and aperiodic reporting (and the respective measurements) are supported.
· Note: Semi-persistent and aperiodic reporting (and their respective measurements) are NW-initiated

Agreement
On Rel.17 multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, 
· In one reporting instance, depending on NW configuration, beam(s) associated with a non-serving cell can be mixed with that associated with serving-cell 
· FFS: whether this applies to periodic, semi-persistent, and/or aperiodic
· FFS: How to report the K beams and corresponding qualities if the Tx power among the non-serving cell and with serving-cell is not the same
· Note: The supported numbers of non-serving cells (in terms of measurement/reporting) have not yet been decided. The above description doesn’t imply only one non-serving cell is allowed to be configured for measurement. Nor does this imply that only one non-serving cell is allowed in one reporting instance.

Agreement
On Rel.17 multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, for L1-RSRP measurement and at least aperiodic reporting, investigate and, if needed, specify MAC CE based dynamic activation/deactivation of a subset of higher-layer-configured measurement for non-serving cell SSBs

In a single CSI reporting instance, quantities of up to K beams can be reported. These K beams associate at least with non-serving cell(s). The measurement and report for inter-cell mobility should follow the same CSI framework in Rel-15/16. For non-group based beam reporting in Rel-15, the maximum number of beams to be reported depends on UE capability, where up to 4 beams could be reported in a single reporting. Different to Rel-15, for inter-cell mobility, CSI of multiple cells may be carried in a single reporting. Therefore, more than 4 beams should be allowed to be reported. In our opinion, the maximum value of K is a UE capability. Considering the reporting overhead, at least 8 should be supported as the maximum value. In Rel-15/16, the number of beams to be reported is configured in the CSI report setting. Similarly, the number of beams K should also be configured in the CSI report. In addition, some reporting rules (e.g. above the reporting threshold, K beams for K non-serving cells) may also be configured in the CSI report. 
Proposal-10: The maximum value of K is a UE capability, where at least 8 should be supported. 

The target of inter-cell mobility is to select an adequate serving cell for the UE. So it is natural to support measurement/reporting for more than one non-serving cells. Denote the number of non-serving cells configured for measurement/reporting as N1, where N1>1. Similar to K, the maximum value of N1 depends on UE’s capability. Denote the number of non-serving cell(s) in a single CSI reporting instance as N2. In our opinion, the target cell should be decided by gNB instead of UE. Therefore, UE would report the beams corresponding to multiple candidate cells. As a consequence, the maximum value of N2 should be no more than N1, i.e. N2≤N1.

Proposal-11: The maximum number of non-serving cells configured for measurement/reporting depend on UE’s capabilities, which should be larger than 1.
Proposal-12: More than one non-serving cells are allowed to be reported in a single CSI reporting instance.
Another issue is the report quantity. Considering inter-cell mobility, the agreed L1-RSRP is not robust enough due to the one-shot measurement, some more stable report quantities are needed as complement. In the RRM procedure, both beam-level measurement result (L3-RSRP) and cell-level measurement result (spatial filtered L3-RSRP) could be reported. L3-RSRP is the filtered RSRP in the time domain. The spatial filtered L3-RSRP is calculated in two steps. The first step is to obtain the linear average of those L1-RSRPs above the configured threshold within a cell. Then this linear average result is filtered in the time domain. In our opinion, for inter-cell mobility, L1-RSRP is used to obtain the beam information used for data transmission. To determine an accurate target cell, the cell-level measurement should also be reported. Although the cell-level measurements have been obtained by the serving cell during RRM, these results may not be reused for inter-cell mobility, since the timing behavior of these measurements may not be aligned with the report configured for inter-cell mobility. Therefore, additional report quantity, i.e. cell-level measurement, should be supported in the report.   
Proposal-13: In addition to L1-RSRP, cell-level measurement result could be supported as report quantity for inter-cell mobility.

Considering different usages in different scenarios, periodic, semi-persistant and aperiodic CSI reporting have been supported. Since SSB is periodic, for aperidic reporting, UE has to always measure these signals to prepare the report quantities before being triggerred. If larger number of non-serving cells are configured for measurement, the power consumption of UE is significant. So we support to limit the measurement of SSBs associated with non-serving cell(s) via MAC CE. For example, SSBs of non-servering cells could be divided into serveral groups. Based on reporing during RRM, one or multiple groups of SSBs would be activated/deactivated by MAC-CE.  
Proposal-14: MAC-CE would activate/deactivate the measurement of SSBs of non-serving cells in a group level.

The above beam reporting for inter-cell mobility intends to choose a new target cell for the UE. Before data transmission with the new target cell, CSI reporting has to be performed by the UE. In NR, CSI reporting is RRC configured. In order to cover all the possible target cells, CSI report settings corresponding to each potential cells have to be pre-configured. For multiple non-serving cells, the number of potential target cells may be significant, which results in large signaling overhead. The solution is to dynamically asscociate a report setting to a cell. For one alternative, multiple PCIs could be configured for each report setting. Depends on beam reporting, one of the PCI is activated by the MAC-CE. Another alternative is to associtate a report setting directly with the cells in beam reporting. For example, a report setting may be configured to be associated with the cell with the lowest ID reported during beam reporting.

Proposal-15: The cell information of the RRC configured reporting could be dynamically changed.
Uplink panel selection
In RAN1#104b-e meeting, the following agreements on uplink panel selection were achieved [1]:

Agreement
On Rel.17 enhancements to facilitate UE-initiated panel activation and selection, for CSI/beam measurement/reporting, down select and/or modify from the following candidates:
· Opt1-1: A panel entity corresponds to a reported CSI-RS and/or SSB resource index in a beam reporting instance
· The correspondence between a panel entity and a reported CSI-RS and/or SSB resource index is informed to NW
· FFS: How to inform through CSI/beam reporting framework
· FFS: Detailed design of the correspondence including the conveyed information 
· Note: the correspondence between a CSI-RS and/or SSB resource index and a panel entity is determined by the UE (analogous to Rel-15/16)
· Opt1-2: A panel entity is referring to a new panel ID within CSI/beam reports
· FFS: Detailed design of the new panel ID including the information conveyed by the new panel ID
· Note: The association between the new panel ID and the panel entity is determined by the UE
· Opt1-3: No additional specification support
· The duration in which the above panel entity reference is valid and the respective setting are FFS
Note: “panel entity” is only used for discussion purpose


Uplink panel selection can be implemented by UL beam management, where the RS can be an UL RS or DL RS. For SRS based UL beam management, gNB configures SRS resources to UE, UE associates SRS resources with UL panels, which is transparent to gNB. Through SRS resource selection, panel selection is implicitly achieved. 
[bookmark: _GoBack]For DL RS based UL beam management, gNB configures DL RS (e.g. CSI-RS resource sets) to UE, UE associates CSI-RS resources with UE panels and reports preferred DL beam as CRI. The optimal DL panel for the CRI, and all other non-reported candidate beam, is known to the UE through beam sweeping. If NW schedules UL transmission whose spatial reference points to a DL beam (e.g. DL RS) by including the DL RS in the UL TCI state, the same DL panel for receiving the DL RS should be used as UL panel for target PUCCH/PUSCH. E.g. Assume UE has 2 panels, panel-ID0 and panel-ID1. gNB configures 6 CSI-RS resources to UE, i.e. CSI-RS resource0, CSI-RS resource1,...,CSI-RS resource 5. In the downlink beam sweeping, UE use panel-ID0 to receive CSI-RS resource0, CSI-RS resource1, and CSI-RS resource2, use panel-ID1 to receive CSI-RS resource3, CSI-RS resource4, CSI-RS resource5 and reports CRI. For once reporting, UE can determine one best CSI-RS resource and its receiving panel e.g., UE compares the received signal and find L1-SINR of CSI-RS resource2 with panel-ID0 is best, UE reports CRI2 to gNB. In the later PUSCH transmission, gNB indicates UL TCI state#1 where CSI-RS resource 2 is included to transmit PUSCH. After receiving indication from gNB, UE will choose panel-ID0 which is associated with CRI2 to transmit PUSCH. This procedure can be implemented with current beam measurement and reporting. 

In Opt1-2, a new panel-ID is introduced within CSI/beam report to indicate the panel entity. It has been agreed that the association between DL/UL RS and panel entity is controlled by the UE instead of gNB. When the gNB indicates one TCI state including the RS, the UE would derive the panel/beam used for uplink transmission according to the association. If a new panel-ID is introduced in the configuration (e.g. CSI-ReportConfig) to make sure the UL TCI state represent the correct panel entity, the gNB would control the panel, which is not aligned with the previous agreement. Moreover, introducing the panel-ID brings a non-trivial change of the spec and would be justified if some important functions cannot be achieved otherwise. 

Proposal 16: For CSI/beam measurement/reporting to facilitate uplink panel selection, association of UE panels with DL RS (e.g CSI-RS/SSB resource sets) depends on UE implementation and is transparent to gNB. No additional spec is needed (Opt 1-3). 

CB-based SRS resources with different number of ports are already supported in Rel-16 full power transmission. For Rel-17 panel-specific UL transmission, considering different panel might have different number of ports, the scheme specified in Rel-16 can be applied to UE with multiple panels to facilitate dynamic panel switching.

Proposal 17: Support CB-based SRS resources with different numbers of ports.

MPE issues
In RAN1#104b-e meeting, the following agreements on MPE issues were achieved [1]:

Agreement
On Rel.17 enhancements to facilitate MPE mitigation, in RAN1#105-e, further discuss to down-select at least one or combine from the following options:
· Opt 1A. {Rel.16 P-MPR based (beam/panel-level)} + Virtual PHR or a modified version 
· The modified version may be associated with each activated UL TCI or, if applicable, joint TCI, or associated with each of the reported SSBRI(s)/CRI(s) and/or panel indication (if configured) from candidate pool, if reported.
· The reporting reuses the event-driven mechanisms from the Rel-16 P-MPR reporting
· FFS: how to determine the virtual PHR or the modified version.
· Opt 1D. {Rel.16 P-MPR based (beam/panel-level)}
· The reporting reuses the event-driven mechanisms from the Rel-16 P-MPR reporting
· Opt 2A. {SSBRI(s)/CRI(s) and/or panel indication} + L1-RSRP [L1-SINR] or a modified version that accounts for MPE effect associated with each of the reported SSBRI(s)/CRI(s) and/or panel indication (if configured)
· FFS: How panel-level L1-RSRP [L1-SINR] is reported if L1-RSRP [L1-SINR] is associated with panel
· FFS: Whether/how to account for MPE effect in L1-RSRP [L1-SINR] report, e.g. by using scaled L1-RSRP [L1-SINR]
· FFS: Whether/how to enhance existing beam reporting format to support Option 2A
· FFS: When multiple SSBRIs/CRIs and their corresponding metrics are reported in the same reporting instance, whether to allow mixture between the SSBRI(s)/CRI(s)) intended for MPE mitigation and for DL beam reporting 
· FFS: Whether the reporting is UE-initiated (event-driven) and/or NW-initiated
· FFS: If Opt2A is selected and there is no consensus on a modified L1-RSRP definition, at least the Rel-15 L1-RSRP definition is reused and virtual PHR may be added
FFS: If gNB acknowledges MPE report from UE for UE-initiated (event-driven) reporting 
FFS: If differential report is supported when multiple UL beams are reported in the same report

In NR Rel-16, MPE reporting is an UE initiated event-triggered reporting. When UE detects the simultaneous use of the UE loudspeaker and microphone near the ear (the sensor is a proximity sensor of a certain tissue, e.g. human body) or an excessive FR2 UL duty cycle, it shall evaluate/estimate a MPE level. The MPE level is measured by time-averaged free-space power density, which linearly grows with transmitted power and UL duty cycle. If the evaluated MPE level surpasses a threshold defined by the regulatory body, the UE will back-off the transmitted power by applying P-MPR[3]. When the applied P-MPR is more than or equal to mpe-Threshold which is configured by NW for at least one activated Serving Cell and when mpe-ProhibitTimer is not running, UE will initiate MPE reporting and report the absolute value of the applied P-MPR using a 2 bits MPE field {3dB≤P-MPR<6dB(00), 6dB≤P-MPR<9dB(01), 9dB≤P-MPR<12dB(10), P-MPR≥12dB(11)[4]} in PHR MAC-CE[5], as shown in Figure 1. 
After receiving UE’s reporting, gNB knows that UE encounters MPE issue and the recommended power back-off value, where the maximum transmit power after power back-off is Pcmax,f,c. NW can either reduce the scheduled UL power or reduce the duty cycle to avoid excessive radiation to human body.  
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Figure 1: Single Entry PHR MAC CE
However, uplink performance degradation can be observed. In NR Rel-17, the MPE issue mainly refers to mitigating the uplink coverage loss due to meeting the MPE regulation. 
To mitigate the performance loss caused by MPE event, we can consider it from the gNB side or from the UE side. From the gNB side, UL beam reporting can be considered. In NR Rel-15/Rel-16, DL beam reporting is supported for UE to report the preferred DL beam, where the RSRP is used as the beam/panel selection metric. However, the preferred beams for DL transmission might not be the preferred beams for uplink transmission because the uplink transmission beam may meet MPE issue and power back-off may need to be considered. Thus, to improve uplink coverage, it’s beneficial for UE to report information for preferred uplink beams, e.g. CRI/SSBRI, which is independent from the DL beam reporting. To achieve this, gNB can configure UE to report the preferred UL beams. 
Suppose UE has two panels, Panel #1, Panel #2. gNB configures and transmits 4 CSI-RS resources to UE, i.e. CSI-RS1,CSI-RS2,CSI-RS3, CSI-RS4. CSI-RS1, CSI-RS2 is received by Panel #1, while CSI-RS3, CSI-RS4 is received by Panel #2. The association can be established by downlink beam sweeping. UE receives the 4 CSI-RS and measures the L1-RSRP values of each CSI-RS resource, i.e., L1-RSRP1,1, L1-RSRP1,2, L1-RSRP2,3, L1-RSRP2,4, where L1-RSRPi,j represents the L1-RSRP value of CSI-RS j on panel i. Meanwhile suppose UE detects that panel #1 is blocked and determines the power back-off value is p_mpr1, UE compares L1-RSRP1,1 – p_mpr1, L1-RSRP1,2 – p_mpr1, L1-RSRP2,3 , L1-RSRP2,4, where L1-RSRPi,j represents the L1-RSRP value of CSI-RS j on panel i and finds that L1-RSRP1,1 – p_mpr1 is the largest value. UE considers that the corresponding beam used for receiving CSI-RS1 on panel #1 will be the best beam for uplink transmission, even after potential power backoff. UE report CRI1 to gNB and after receiving the uplink beam reporting, gNB can indicate UE to use CRI1 for the subsequent UL transmission. 
Proposal 18: UE reports at least a preferred uplink beam taking into account potential MPE effect (e.g., CSI/SSBRI) for uplink transmission.


The reporting mechanisms in option 1A/1D are on the basis of the current Rel-16 MPE reporting (i.e. using PHR MAC-CE reporting with the enhancement that the parameters in the MAC-CE are beam/panel specific). For option 1A, virtual PHR refers to the PHR of the cadidadate beam/panel (virtual transmission). In [6][7] virtual PHR is defined as 
	    (1)
Where  and  are configured by gNB,   indicates the pathloss including antenna gain, f is the closed-loop power control factors and  refers to the MCS compensation factor. Equation (1) has the same definition as the traditional PHR, which is the PHR of the real transmission beam and the purpose of the reporting is to let gNB know how much power is still available for the scheduling uplink transmission after power backoff in case of MPE issues. Then gNB can either decrease the scheduling UL power by reducing MCS or PRB to avoid excessive radiation to human body. The purpose of the virtual PHR reporting in option 1A is to provide gNB virtual PHR values of the candidate beams indicated by the activated UL TCI state. After receiving UE’s reporting, gNB will choose a beam, e.g. the one with maximal virtual PHR and indicate the associated UL TCI state for later uplink transmission in case of MPE issues. 

To calculate virtual PHR using equation (1), PMPR of the candidate beam/panel, i.e. a beam/panel that has not been used for uplink transmission needs to be determined. Specifically, how to assume on the panel status, transmission power, and uplink duty cycle for virtual transmission beam/panel when calculating PMPR need to be further considered. 

In option 1A, the meaning of panel indication needs to be clarified if the virtual PHR is associated with a panel. If CRI(s)/SSBRI(s) and virtual PHR associated with each of the reported SSBRI(s)/CRI(s) are reported. gNB can choose one beam from the reporting, e.g. CRI/SSBRI with maximal virtual PHR and use it to update UL-TCI for the later uplink transmission. 

For option 1D, panel specific P-MPR reporting is implemented by introducing panel-ID on the basis of the current MAC-CE reporting, it is said [8] that after receiving P-MPR report, the gNB can indicate beam measurement on a target panel at UE by activating the panel ID in report configuration. In our opinion, with the current MPE reporting framework, the UE can already inform the NW that an MPE event has occurred and based on this information the NW can start UL beam reporting, i.e. gNB configures and transmits CSI-RS resource sets to UE, UE associates the CSI-RS resource sets to its transmission panels which is transparent to gNB. Then by reporting CRI/SSBRI(s) and the corresponding L1-RSRP with MPE effect, UE will implicitly indicates NW the panel that can be scheduled for the later uplink transmission. Introducing panel ID is a non-trial change of paradigm and expects more specification changes, from this point, the motivation of this enhancement to the Rel-16 P-MPR reporting scheme needs to be clarified. 

The reporting mechanisms in option 2A are on the basis of beam reporting mechanisms. In option 2A, the UL beam reporting contain SSBRI/CRI and a quantity that describes UL quality, i.e. L1-RSRP which accounts for MPE effect, which helps gNB choose the best beam. Suppose uplink beam sweeping is initiated after UE’s MPE reporting, gNB configures and transmits CSI-RS resources to UE, UE receives the CSI-RS resources using the associated panel and reports CRI. The association can be established by downlink beam sweeping. For once reporting, UE can determine one best CSI-RS resource and reports CRI while taking into consideration potential MPE effect. E.g. For each CSI-RS resource j, UE compares L1-RSRPi,j – p_mpri , where L1-RSRPi,j represents the L1-RSRP value of CSI-RS j associated with panel i, p_mpri  is the power backoff value of panel i which reflects the MPE effect, and reports the largest and second largest value of L1-RSRPi,j – p_mpri , together with the CRI j to gNB. After receiving UE’s reporting, NW will choose a panel/beam for uplink transmission. 
For the power backoff value of panel i which reflects the MPE effect, if panel i is the current uplink transmission panel, p_mpri is the real power backoff value applied on this panel/beam. Otherwise, if panel i is not the transmission panel but is also detected to face human body, some assumptions need to be made to determine the p_mpri  value of panel i. An alternative is that UE considers this panel “invalid” and p_mpri takes value 0. Another alternative is that UE still considers this panel “valid” and measures it to determine p_mpri. For the latter case some assumptions have to be made on the transmission power/uplink duty cycle since no data is scheduled on this panel. E.g. power of current MPE-panel + delta P which corresponds to pathloss measurement difference between the MPE-panel and the candidate UE panel or a fixed value like Pcmax can be assumed to be the transmission power on panel i. 
In option 2A, it is also proposed to use L1-SINR as the metric to choose the panel/beam for uplink transmission. From our view, L1-SINR helps in the DL beam selection. If L1-SINR is used as the metric for uplink beam selection, how to get the UL interference is an issue to be considered. An option is to use the interference measured in the DL transmission as the UL interference, this might not be feasible since the interference measured in the DL transmission can’t reflect the uplink interference condition. Another option is to measure UL interference directly, but the UL resource used for measurement also needs to be considered. 

Proposal 19: For MPE reporting, support SSBRI(s)/CRI(s) + L1-RSRP that accounts for MPE effect associated with each of the reported SSBRI(s)/CRI(s) (option 2A), the MPE effect can be implemented by using scaled L1-RSRP, for which a quantity like UL-RSRP representing scaled L1-RSRP can be defined as a reporting metric per UL beam. 

In the current implementation of event-driven reporting for MPE issues, no acknowledgement from gNB is needed. 
When UE detects that the applied P-MPR is more than or equal to mpe-Threshold which is configured by NW and when mpe-ProhibitTimer is not running, UE will initiate MPE reporting. Meanwhile, UE will start the MPE prohibit Timer and during the running of the timer, UE can’t trigger P-MPR reporting. UE will re-initiate P-MPR reporting after the expiration of MPE-ProhibitTimer (e.g. 10 subframes) indicated by gNB. Upon the message received from UE, gNB could take the Tx power reduction in subsequent scheduling decisions, no additional acknowledgement from gNB is needed. In our opinion, the same procedure can be used in Rel-17. 

Proposal 20: For event-driven reporting, UE will re-initiate the MPE event reporting after the expiration of the mpe-ProhibitTimer indicated by NW, as implemented in Rel-16. No additional acknowledgement from gNB is needed.

If the gNB becomes aware of an MPE event, it might request an UL beam report from the UE. When multiple UL beams are reported in the same report, e.g., suppose 4 UL-RSRPs, which represent the L1-RSRPs with MPE effects, are obtained at UE on the measurement of the corresponding CSI-RS resources. The UL-RSRP values can be ordered in a descending order as: UL-RSRP1, UL-RSRP2, UL-RSRP3, UL-RSRP4. Then by reporting the quantification of UL-RSRP1, UL-RSRP2-UL-RSRP1, UL-RSRP3-UL-RSRP1, UL-RSRP4-UL-RSRP1 value instead of each UL-RSRP itself, the cost of overhead can be reduced. 

Proposal 21: Support differential report when multiple UL beams are reported in the same report.
Conclusions
In this contribution, we focus on the enhancement on beam management operation for Rel-17 MIMO. Issues about unified TCI framework, inter-cell mobility, beam indication signaling medium, uplink panel selection and MPE are discussed. We have the following proposals:

· For unified TCI framework:
Proposal-1: PL-RS can be associated with (but not included in) UL TCI state (or, if applicable, joint TCI state) (AltB).
Proposal-2: Use the same MAC-CE which activates the TCI states to configure the association between PL-RS and each activated TCI state.
Proposal-3:For PUSCH, PUCCH and SRS, the setting of (P0, alpha, closed loop index) is associated with UL or (if applicable) joint TCI state (AltA). 
Proposal-4: Use the same MAC-CE which activates the TCI states to configure the association between PC parameter setting and each activated TCI state.
Proposal-5:For indication of either joint DL/UL TCI or separate DL/UL TCI, either of the following alternatives could be supported:
· A UE can be dynamically indicated with either joint DL/UL TCI or separate DL/UL TCI (Alt1).
· A UE can be configured with either joint DL/UL TCI or separate DL/UL TCI via MAC CE signaling (Alt3).
Proposal-6: A CC-specific QCL-TypeD source RS can be determined from the indicated common TCI state ID to provide QCL Type-D indication and to determine UL TX spatial filter. The determined QCL-TypeD CC-specific source RSs for the set of configured CCs are further associated with a same QCL-TypeD RS.
Proposal-7: For single TRP, M>1 DL TCI states and N>1 UL TCI states could be supported. 

· For beam indication signaling:
Proposal-8: Considering the acknowledgement mechanism for DCI formats 1_1 and 1_2 with DL assignment, the following two alternatvies may be considerred:
· Alt-1: HARQ-ACK multiplexing is not allowed for joint TCI or separate TCI indication in Rel-17
· Alt-2: Introduce additional ACK/NAK (e.g. two-part ACK/NAK) for the beam indication DCI whenever necessary
Proposal-9: The indicated beam is applied on the first slot that is at least X ms or Y symbols after acknowledgment of the joint or separate DL/UL beam indication (Alt 2A).

· For L1/L2-centric inter-cell mobility:
Proposal-10: The maximum value of K is a UE capability, where at least 8 should be supported. 
Proposal-11: The maximum number of non-serving cells configured for measurement/reporting depend on UE’s capabilities, which should be larger than 1.
Proposal-12: More than one non-serving cells are allowed to be reported in a single CSI reporting instance.
Proposal-13: In addition to L1-RSRP, cell-level measurement result could be supported as report quantity for inter-cell mobility.
Proposal-14: MAC-CE would activate/deactivate the measurement of SSBs of non-serving cells in a group level.
Proposal-15: The cell information of the RRC configured reporting could be dynamically changed.

· For uplink panel selection:
Proposal 16: For CSI/beam measurement/reporting to facilitate uplink panel selection, association of UE panels with DL RS (e.g CSI-RS/SSB resource sets) depends on UE implementation and is transparent to gNB. No additional spec is needed (Opt 1-3). 
Proposal 17: Support CB-based SRS resources with different numbers of ports.

· For MPE issues:
Proposal 18: UE reports at least a preferred uplink beam taking into account potential MPE effect (e.g., CSI/SSBRI) for uplink transmission.
Proposal 19: For MPE reporting, support SSBRI(s)/CRI(s) + L1-RSRP that accounts for MPE effect associated with each of the reported SSBRI(s)/CRI(s) (option 2A), the MPE effect can be implemented by using scaled L1-RSRP, for which a quantity like UL-RSRP representing scaled L1-RSRP can be defined as a reporting metric per UL beam. 
Proposal 20: For event-driven reporting, UE will re-initiate the MPE event reporting after the expiration of the mpe-ProhibitTimer indicated by NW, as implemented in Rel-16. No additional acknowledgement from gNB is needed.
Proposal 21: Support differential report when multiple UL beams are reported in the same report.
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