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[bookmark: _Ref165266342]Introduction
In the last RAN1#98bis meeting, great processes had been made for beam management enhancements. The related RAN1 agreements [1] can be found in the Annex. Based on the agreements, several new eMIMO MAC CEs for beam management enhancements need to be designed by RAN2. Therefore, in this contribution, we would like to provide some detailed discussion on the eMIMO MAC CE for beam management enhancements. 
Discussion
According to the agreements given in the Annex, it is concluded that 6 eMIMO MAC CE for beam management enhancements need to be considered in RAN2, which are listed as follows, 
1) MAC CE for simultaneously updating/indicating a single spatial relation per group of PUCCH resources
2) MAC CE for acitivating Spatial Relation Info for a SP/AP SRS resource for a set of CCs/BWPs at least for the same band
3) MAC CE for acitivating at least the same set of PDSCH TCI state IDs for multiple CCs/BWPs
4) MAC CE for acitivating a TCI-state ID for a CORESET for a set of CCs/BWPs at least for the same band
5) MAC CE for activating/updating the value of PUSCH-PathlossReferenceRS-Id corresponding to sri-PUSCH-PowerControlId
6) MAC CE for activating/updating Pathloss reference RS for AP-SRS/SP-SRS
MAC CE 1 for indicating the spatial relation per PUCCH resource group
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In the agreements of RAN1 #98bis meeting, up to 4 groups of PUCCH resources per BWP can be configured by explicit higher layer signalling for the feature of simultaneous update/indication of a single spatial relation per group of PUCCH resources by using one MAC CE. When the spatial relation needs to be updated, the gNB can use a MAC CE to indicate a new spatial relation for a PUCCH resource group. To reduce the impact on spec, MAC CE for PUCCH spatial relation activation/deactivation in Rel-15 TS 38.321 [2], including Serving Cell ID, BWP ID, PUCCH resource ID and spatial relation info, can be reused. The spatial relation info is applied for all the PUCCH resources in the group to which the indicated PUCCH resource belongs.


[bookmark: OLE_LINK8][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Figure 1. MAC CE 1 for indicating the spatial relation per PUCCH resource group [2]
Proposal 1: Reuse the PUCCH spatial relation Activation/Deactivation MAC CE in Rel-15 to indicate the spatial relation of all the PUCCH resources in a group.
MAC CE 2 for acitivating Spatial Relation Info for a SP/AP SRS resource for multiple CCs/BWPs
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]In the RAN1 #98bis meeting, the simultaneous spatial relation activation/update across multiple CCs/BWPs is supported. Further, for RRC signalling overhead reduction, up to 2 lists of CCs can be configured by RRC per UE and the applied list should be determined by the indicated CC in the MAC CE, where the UE expect no overlapped CC in multiple RRC-configured lists of CCs. Whether to indicate the applicable list of bands for the feature of single MAC-CE needs more inputs from the RAN4 conclusion. The corresponding MAC CE is given in the follwoing Figure. From our understanding the legacy Rel-15 MAC CE can be reused.


Figure 2. MAC CE 2 for acitivating Spatial Relation Info for a SP/AP SRS resource for multiple CCs [2]
Proposal 2: Reuse the SP SRS Activation/Deactivation MAC CE in Rel-15 to indicate the spatial relation for a SP/AP SRS resource for multiple CCs/BWPs.

MAC CE 3 for activating PDSCH TCI state for multiple CCs/BWPs
Based on the RAN1 agreements in the Annex , up to 2 lists of CCs/BWPs can be configured by RRC per UE and the same set of TCI-state IDs are applied for the PDSCH of the all BWPs in the indicated CCs. Thus, the corresponding MAC CE is given in the follwoing Figure. The legacy ‘TCI States Activation/Deactivation for UE-specific PDSCH MAC CE’ can be re-used.


Figure 3. MAC CE 3 for acitivating PDSCH TCI state for multiple CCs [2]
Proposal 3: Reuse the TCI States Activation/Deactivation for UE-specific PDSCH MAC CE in Rel-15 to activate PDSCH TCI state for multiple CCs/BWPs.

MAC CE 4 for activating a TCI-state ID for a CORESET for multiple CCs/BWPs
According to [2], the legacy ‘TCI State Indication for UE-specific PDCCH MAC CE’ can be reused for activating/deactivating the TCI state for a CORESET for multiple CCs. As shown in the following figure, the TCI State ID is unique per MAC entity, and the CORESET ID can be indentified per serving cell. The legacy ‘TCI State Indication for UE-specific PDCCH MAC CE’ can be re-used.


[bookmark: _GoBack]Figure 4. MAC CE 4 for acitivating a TCI-state ID for a CORESET for multiple CCs [2]
Proposal 4: Reuse the TCI State Indication for UE-specific PDCCH MAC CE in Rel-15 to indicate the TCI state for a CORESET for multiple CCs.
[bookmark: OLE_LINK2]MAC CE 5 for activating/updating the value of PUSCH-PathlossReferenceRS-Id corresponding to sri-PUSCH-PowerControlId
In Rel-15 UE has to monitor maximum 4 PL RSs which should be used as a baseline. For activation/update of PL RS for PUSCH and for AP/SP-SRS via a MAC CE, the working assumptions can be confirmed. The UE behavior of tracking PL RSs is determined when the configured PL RSs by RRC is larger than 4, i.e. UE is only required to track the activated PL RSs. But when the configured PL RSs by RRC is smaller or equal to 4, UE can track all the configured PL RSs. The MAC CE should be able to update/activate more than one mapping relation between the PUSCH-PathlossReferenceRS-Id and the sri-PUSCH-PowerControlId.




Figure 5. MAC CE for activating/updating the value of PUSCH-PathlossReferenceRS-Id
[bookmark: OLE_LINK5]MAC CE 6 for activating/updating Pathloss reference RS for AP-SRS/SP-SRS 
Simialrly, we can depict the corresponding MAC CE for activating/updating Pathloss reference RS for AP-SRS/SP-SRS, which is given in the following Figure.


Figure 6. MAC CE for activating pathloss reference RS for AP-SRS/SP-SRS
Based on the analysis above, we have the following proposal. 
Proposal 5: RAN2 adopts the proposed MAC CE format 5 and 6 for “updating the mapping relation between PUSCH pathloss and SRI” and “activating pathloss reference RS for AP-SRS/SP-SRS”.
Conclusions
[bookmark: _Toc502437832]In this contribution, we have discussed the detailed design of the eMIMO MAC CE for beam management enhancements. And we have the following proposal:
Proposal 1: Reuse the PUCCH spatial relation Activation/Deactivation MAC CE in Rel-15 to indicate the spatial relation of all the PUCCH resources in a group.
Proposal 2: Reuse the SP SRS Activation/Deactivation MAC CE in Rel-15 to indicate the spatial relation for a SP/AP SRS resource for multiple CCs/BWPs.
Proposal 3: Reuse the TCI States Activation/Deactivation for UE-specific PDSCH MAC CE in Rel-15 to activate PDSCH TCI state for multiple CCs/BWPs.
Proposal 4: Reuse the TCI State Indication for UE-specific PDCCH MAC CE in Rel-15 to indicate the TCI state for a CORESET for multiple CCs.
Proposal 5: RAN2 adopts the proposed MAC CE format 5 and 6 for “updating the mapping relation between PUSCH pathloss and SRI” and “activating pathloss reference RS for AP-SRS/SP-SRS”.
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Annex
The following agreements are from RAN1#98bis meeting:
	Agreement
Confirm the working assumption made in RAN1#97, with the following updates.
For the supported feature of simultaneous update/indication of a single spatial relation per group of PUCCH by using one MAC CE, the following configuration options for the group are supported:
· At least up to two groups per BWP.
· FFS: Details on configuring the groups including whether to use implicit method or explicit method
· For example, each corresponding to different TRP/panel, at least for multi-TRP/panel case
· Another example, each corresponding to different active spatial relation at least for single TRP case
· If there is no consensus to support more than two groups within RAN1#98bis, only up to two groups will be supported in Rel-16
· Note: the terminology of “group” may or may not be in specifications.

Agreement
At least for the agreed feature of simultaneous update/indication of a single spatial relation per group of PUCCH resources by using MAC CE, explicit higher layer signalling on PUCCH resource grouping is supported.
· Signalling details are up to RAN2

Agreement
For the agreed feature of simultaneous update/indication of a single spatial relation per group of PUCCH resources by using MAC CE,
· Support up to 4 groups per BWP.

Agreement
When a set of TCI-state IDs for PDSCH are activated by a MAC CE for a set of CCs/BWPs at least for the same band, where the applicable list of CCs is indicated by RRC signalling, the same set of TCI-state IDs are applied for the all BWPs in the indicated CCs.
· Further signaling details are up to RAN2.
· Whether to support the inter-band CA for this feature will be decided in RAN1#99.
· Whether to indicate the applicable list of bands for the feature of single MAC-CE to activate the same set of PDSCH TCI state IDs for multiple CCs/BWPs is up to capability discussion.
· FFS on the UE capability signaling details
· Note: This at least applies to single TRP case.
· FFS: How many combinations of CCs can be configured by RRC and relevant UE capability

Agreement
Select one among the following alternatives on whether/how to revise the existing mechanism on higher layer filtered RSRP for pathloss measurement, when a pathloss RS is updated by MAC CE (if agreed) in RAN1#99.
· Alt.1: L1-RSRP based pathloss measurement is applied when the pathloss RS is updated by MAC CE.
· Alt.2: Reuse higher layer filtered RSRP for pathloss measurement, with defining the applicable timing after the MAC CE. 
· Note, before the higher layer filtered RSRP is applied, UE uses L1-RSRP for pathloss estimation.
· Alt.3: Reuse higher layer filtered RSRP for pathloss measurement, with defining the applicable timing after the MAC CE.
· Note: Filtered RSRP value for previous pathloss RS will be used before the application time.
· Alt.4: Reuse higher layer filtered RSRP for pathloss measurement, with the same behavior with higher layer filtered RSRP as in Rel-15.
· Note: UE is expected to track all the RRC-configured candidate pathloss RSs.
· Note: The maximum configurable pathloss RSs by RRC is up to UE capability.
· Note: If there is no consensus to the down-selection above, the specification in Rel-16 only allows the maximum configurable pathloss RSs by RRC is 4 (same as Rel-15). For less than or equal to X candidate pathloss RSs configured by RRC, the existing mechanism on higher layer filtered RSRP for pathloss measurement can be reused.
· Baseline is X=4.
· The pathloss RS selected by the MAC CE, if agreed, is among the X RRC configured candidate pathloss RSs.
· Note: For Alt.1, Alt.2, Alt.3, and Alt.4, the maximum configurable pathloss RSs by RRC is increased from Rel-15, e.g., 8, 16, or 64.
· For Alt.1, Alt.2, Alt.3, such pathloss reference signals are for configuration purpose only.

Agreement
When a TCI-state ID is activated for a CORESET by a MAC CE for a set of CCs/BWPs at least for the same band, where the applicable list of CCs is indicated by RRC signalling, the TCI-state ID is applied for the CORESET(s) with the same CORESET ID for all the BWPs in the indicated CCs.
· Further signaling details are up to RAN2.
· Whether to support the inter-band CA for this feature will be decided in RAN1#99.
· Whether to indicate the applicable list of bands for the feature of single MAC-CE to activate the same PDCCH TCI state IDs for multiple CCs/BWPs is up to capability discussion.
· FFS on the UE capability signaling details
· Note: This at least applies to single TRP case.

Working assumption
Pathloss reference RS for PUSCH can be activated/updated via a MAC CE
· The MAC CE message can activate/update the value of PUSCH-PathlossReferenceRS-Id corresponding to sri-PUSCH-PowerControlId.
· Note(Informative): In TS38.331, the mapping is given by SRI-PUSCH-PowerControl, in which the linkage is between sri-PUSCH-PowerControlId and PUSCH-PathlossReferenceRS-Id.
· Further signaling details are up to RAN2.
· Reuse higher layer filtered RSRP for pathloss measurement, with defining the applicable timing after the MAC CE.
· Filtered RSRP value for previous pathloss RS will be used before the application time, which is the next slot after the 5th measurement sample, where the 1st measurement sample corresponds to be the 1st instance, 3ms after sending ACK for the MAC CE. 
· This is only applicable for UEs supporting the number of RRC-configurable pathloss RSs larger than 4, and this is only for the case that the activated PL RS by the MAC CE is not tracked.
· UE is only required to track the activated PL RS(s) if the configured PL RSs by RRC is greater than 4. 
· It is up to UE whether to update the filtered RSRP value for previous PL RS 3ms after sending ACK for the MAC CE.
· Send an LS to RAN4 asking opinion on this working assumption.

Working assumption
Pathloss reference RS for AP-SRS/SP-SRS can be activated/updated via a MAC CE.
· A UE can be configured with multiple pathloss RSs by RRC and one of them can be activated/updated via the MAC CE for a SRS resource set.
· Further signaling details are up to RAN2.
· Reuse higher layer filtered RSRP for pathloss measurement, with defining the applicable timing after the MAC CE.
· Filtered RSRP value for previous pathloss RS will be used before the application time, which is the next slot after the 5th measurement sample, where the 1st measurement sample corresponds to be the 1st instance, 3ms after sending ACK for the MAC CE. 
· This is only applicable for UEs supporting the number of RRC-configurable pathloss RSs larger than 4, and this is only for the case that the activated PL RS by the MAC CE is not tracked.
· UE is only required to track the activated PL RS if the configured PL RSs by RRC is greater than 4.
· It is up to UE whether to update the filtered RSRP value for previous PL RS 3ms after sending ACK for the MAC CE.
· Send an LS to RAN4 asking opinion on this working assumption.

Agreement
For the purpose of simultaneous TCI state activation across multiple CCs/BWPs,
· Up to 2 lists of CCs can be configured by RRC per UE, and the applied list is determined by the indicated CC in the MAC CE.
· UE expect no overlapped CC in multiple RRC-configured lists of CCs.

Working assumption
For the purpose of simultaneous Spatial Relation update across multiple CCs/BWPs,
· Up to 2 lists of CCs can be configured by RRC per UE, and the applied list is determined by the indicated CC in the MAC CE.
· UE expect no overlapped CC in multiple RRC-configured lists of CCs.
· The lists are independent from those for simultaneous TCI state activation
· Send LS to RAN2 to inform above

Working assumption
When a Spatial Relation Info is activated for a SP/AP SRS resource by a MAC CE for a set of CCs/BWPs at least for the same band, where the applicable list of CCs is indicated by RRC signalling, the Spatial Relation Info is applied for the SP/AP SRS resource(s) with the same SRS resource ID for all the BWPs in the indicated CCs.
· Further signaling details are up to RAN2.
· Whether to support the inter-band CA for this feature will be decided in RAN1#99.
· Whether to indicate the applicable list of bands for the feature of single MAC-CE to activate the same SRS resource IDs for multiple CCs/BWPs is up to capability discussion.
· FFS on the UE capability signaling details
· Note: This at least applies to single TRP case.
· FFS on the power control details (without RAN2 impact)
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