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Introduction
In RAN2 #109e meeting, several agreements are made about the new DL MIMO MAC CEs. 
Agreements:
1. We have separate MAC CEs for PUCCH resource-based and PUCCH resource group-based spatial relation activation/deactivation. We might reconsider this if we go for a pure RRC configuration based approach.
2. In case the separate PUCCH spatial relation MAC CEs design is agreed, the Extended PUCCH spatial relation Activation/Deactivation MAC CE indicates the spatial relation info with an explicit spatial relation info index.
3. In case the separate PUCCH spatial relation MAC CEs design is agreed, the Group-based PUCCH spatial relation activation/deactivation MAC CE support spatial relation update for single PUCCH resource group.
4. Introduce one new MAC CE for AP SRS spatial relation indication, and another new MAC CE for SRS pathloss reference RS update. We need to check whether this is consistent with the outcome of the positioning WI on SRS related MAC CE 
5. For AP SRS spatial activation/update MAC CE, reuse the R15 SP SRS Activation/Deactivation MAC CE format.
6. For SRS Pathloss Reference RS Activation/Deactivation MAC CE, pathloss reference RS update for single SRS resource set is supported.
7. PUSCH pathloss reference RS update MAC CE with single mapping between sri-PUSCH-PowerControlId and PUSCH-PathlossReferenceRS-Id is supported.
8. For PUSCH Pathloss Reference RS activation/deactivation MAC CE, the PUSCH-PathlossReferenceRS-Id and sri-PUSCH-PowerControlId is included explicitly.
9. Unified approach is used for designing the MAC CEs regarding multiple CCs/BWPs: option 2 (RRC configuration only). We might reconsider this if we find a problem 

Agreements via email (from [121][EMIMO]):
1. If the CC indicated in the MAC CE is configured as part of a CC-list, this MAC CE applies to all the CCs in the CC list; otherwise, the MAC CE applies to single CC.
2. Multiple TRP case is not considered for MAC CEs regarding multiple CCs/BWPs, i.e. TCI States Activation/Deactivation for UE-specific PDSCH MAC CE and TCI State Indication for UE-specific PDCCH MAC CE.
3. Existing “TCI State Indication for UE-specific PDCCH MAC CE” is used for multi PDCCH-based TRP transmission.

Agreements online:
4.	RAN2’s understanding is to introduce a new SRS activation/deactivation MAC CE for multiple CCs/BWPs, and the MAC CE activate the spatial relation info for SRS resource instead of SRS resource set. Send an LS to RAN1 to confirm the understanding of P3 (exact wording to be decided). This understanding can be reconsidered if RAN1 reply LS gives different understanding
5.	The legacy Rel-15 MAC CE format is used, reusing the first MAC CE reserved bit instead of a new LCID, for designing the TCI state activation/deactivation for UE-specific PDSCH MAC CE for mPDCCH case
6.	We have only one MAC CE for PUCCH resource-based and PUCCH resource group-based spatial relation activation/deactivation (reverts the agreement in the first conf call). In the same MAC CE it will be possible to indicate multiple PUCCH resources (i.e. variable size MAC CE). Details to be discussed in the MAC CR drafting (if we cannot converge we might also go back to the initial agreement).

When capturing the above agreements into MAC running CR, there are still some remaining issues and corrections needed. In this paper, we would like to provide corrections and reviews on these new MIMO MAC CEs.
Discussion
[bookmark: _Hlk37357833]SRS Pathloss Reference RS Activation/Deactivation MAC CE and PUSCH Pathloss Reference RS Activation/Deactivation MAC CE 
In the latest Rel-16 MAC spec. [1], two new MAC CEs related to pathloss reference RS are agreed. One is for SRS and the other is for PUSCH. The purpose of these two MAC CEs is to activate or update the pathloss reference RS for a SRS resource set or for a sri-PUSCH-PowerControlId respectively. There is no motivation on the deactivation functionality, and they are also different from the Rel-15 legacy MAC CE to deactivate the resource. 
We propose to change these two MAC CEs’ names to SRS pathloss reference RS indication MAC CE, or PUSCH pathloss reference RS indication MAC CE. The corresponding texts should also be revised.
Proposal 1: Change the name of SRS Pathloss Reference RS Activation/Deactivation MAC CE to SRS Pathloss Reference RS Indication MAC CE. 
Proposal 2: Change the name of PUSCH Pathloss Reference RS Activation/Deactivation MAC CE to PUSCH Pathloss Reference RS Indication MAC CE. 

Correction on TCI states MAC CEs supporting multiple CCs 
[bookmark: _Hlk37185970]In RAN2 #109e meeting, it has been agreed that if the serving cell indicated in the MAC CE is configured as part of the cell list which is configured by RRC, the MAC CE should apply for all the serving cells in the cell list. There is one possible case that one or more serving cells on the list have not been activated yet when UE receives the MAC CE simultaneously updating information for a list of configured serving cells. The UE behavior should be clarified on how to apply the TCI update information for those deactivated cells. Since configuring the TCI information on those deactivated cells are useless, the straightforward solution is that UE should ignore the MAC CE updating for deactivated serving cells on the list and applies the MAC CE updating only for those activated serving cells on the list.
[bookmark: _Hlk37193532]Proposal 3: For those MAC CEs supporting multiple CCs case, UE should ignore the MAC CE updating for deactivated serving cells on the list and applies the MAC CE updating only for activated serving cells on the list.

Corrections on TCI States Activation/Deactivation for UE-specific PDSCH MAC CE 
In the latest Rel-16 MAC spec. [1], the TCI States Activation/Deactivation for UE-specific PDSCH MAC CE supports to update the TCI states for the multiple CC case. Meanwhile, this MAC CE can also support to activate the TCI states mapping to each TCI code point through indicated CORSET Pool ID field for multi- TRP case.
In the RAN2 #109e meeting, it has been agreed that multi-TRP case is not considered for MAC CEs regarding multiple CCs/BWPs, i.e. TCI States Activation/Deactivation for UE-specific PDSCH MAC CE. Therefore, a clarification is needed for this MAC CE. If the serving cell in the MAC CE is configured in one cell list which contains more than one serving cell, the CORSET Pool ID field should be ignored.
In addition, regarding the multi-TRP case, it should also clarify the UE behavior in the case of coresetPoolIndex not configured in this MAC CE. If the coresetPoolIndex is not configured for any CORESET, UE should simply ignore the CORESET Pool ID field in this MAC CE. Then the MAC CE will work under single TRP case for per serving cell case or multiple CCs case.
Proposal 4: If the servicing cell in the TCI States Activation/Deactivation for UE-specific PDSCH MAC CE is configured in one cell list which contains more than one serving cell, the CORSET Pool ID field should be ignored.
Proposal 5: If the coresetPoolIndex is not configured for any CORESET, UE should ignore the CORESET Pool ID field in the TCI States Activation/Deactivation for UE-specific PDSCH MAC CE.

Corrections on Enhanced Activation/Deactivation of UE-specific PDSCH TCI state 
Regarding the MAC CEs supporting multi-TRP case, two MAC CEs are agreed. The first agreed MAC CE is Rel-16 Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE (maps one or two TCI states to each TCI codepoint) which is used under the single PDCCH multi-TRP case. (i.e. single-DCI). The second MAC CE is agreed by reusing one reserve bit to CORESET Pool ID in the Rel-15 TCI states PDSCH MAC CE for the multi-PDCCH multi-TRP case (i.e. multi-DCI case). Hence, the two MAC CEs are discussed and agreed for different mTRP scenarios. 
To avoid Rel-16 MAC spec causing ambiguity, it is better to clarify the use case of each MAC CE. Specifically, for Rel-16 Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE, network may only schedule this MAC CE when coresetPoolIndex is not configured for any CORESET for the UE.
Proposal 6: Network may schedule the Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE when coresetPoolIndex is not configured for any CORESET for the UE.

SRS Spatial Relation Indication for Multiple CCs MAC CE 
In the RAN2 #109e meeting, the SRS spatial relation indication for multiple CCs MAC CE has been discussed but hasn’t yet been decided. Companies have different opinions on whether this MAC CE should be designed for per SRS resource set or per SRS resource. If MAC CE supports per SRS resource spatial relation information update, whether multiple SRS resources update can be supported. Then one LS has been sent to RAN1 for further clarification.
In our understanding, if the MAC CE is agreed to activate the spatial relation per SRS resource set, the legacy SP SRS activation/deactivation MAC CE can be reused in multiple CC case. If the MAC CE is agreed to activate the spatial relation per SRS resource, we think the multiple SRS resources updating is preferable due to the overhead reduction. The candidate MAC CE to support multiple SRS resource is shown in Annex.
Proposal 7: For SRS Spatial Relation Indication for Multiple CCs MAC CE, if the MAC CE is agreed to activate the spatial relation per SRS resource, the multiple SRS resources updating should be supported in this MAC CE.


Conclusion
We’d recommend RAN2 to discuss and adopt the following proposals:
Proposal 1: Change the name of SRS Pathloss Reference RS Activation/Deactivation MAC CE to SRS Pathloss Reference RS Indication MAC CE. 
Proposal 2: Change the name of PUSCH Pathloss Reference RS Activation/Deactivation MAC CE to PUSCH Pathloss Reference RS Indication MAC CE. 
Proposal 3: For those MAC CEs supporting multiple CCs case, UE should ignore the MAC CE updating for deactivated serving cells on the list and applies the MAC CE updating only for activated serving cells on the list.
Proposal 4: If the servicing cell in the TCI States Activation/Deactivation for UE-specific PDSCH MAC CE is configured in one cell list which contains more than one serving cell, the CORSET Pool ID field should be ignored.
[bookmark: _Hlk37264265]Proposal 5: If the coresetPoolIndex is not configured for any CORESET, UE should ignore the CORESET Pool ID field in the TCI States Activation/Deactivation for UE-specific PDSCH MAC CE.
Proposal 6: Network may schedule the Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE when coresetPoolIndex is not configured for any CORESET for the UE.
Proposal 7: For SRS Spatial Relation Indication for Multiple CCs MAC CE , if the MAC CE is agreed to activate the spatial relation per SRS resource, the multiple SRS resources updating should be supported in this MAC CE.
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Annex
[bookmark: _Hlk37193119][bookmark: _Hlk37186752]5.18.11	Enhanced Activation/Deactivation of UE-specific PDSCH TCI state
The network may activate and deactivate the configured TCI states for the codepoint of the DCI Transmission configuration indication field as specified in TS 38.212 [9] for PDSCH of a Serving Cell by sending the Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE described in clause 6.1.3.24. The configured TCI states for PDSCH are initially deactivated upon configuration and after a handover. Network may schedule this MAC CE only when coresetPoolIndex is not configured for any CORESET for the UE.
The MAC entity shall:
1>	if the MAC entity receives an Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE on a Serving Cell:
2>	indicate to lower layers the information regarding the Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE.
<omit>
5.18.14	Indication Activation/Deactivation of Pathloss Reference RS of SRS
The network may indicate activate and deactivate a pathloss reference RS for a SRS resource of a Serving Cell by sending the SRS Pathloss Reference RS IndicationActivation/Deactivation MAC CE described in clause 6.1.3.ZC.
The MAC entity shall:
1>	if the MAC entity receives a SRS Pathloss Reference RS Indication Activation/Deactivation MAC CE on a Serving Cell:
2>	indicate to lower layers the information regarding the SRS Pathloss Reference RS Indication Activation/Deactivation MAC CE.
5.18.15	IndicationActivation/Deactivation of Pathloss Reference RS of PUSCH
The network may indicate activate and deactivate a pathloss reference RS for PUSCH of a Serving Cell by sending the PUSCH Pathloss Reference RS Activation/DeactivationIndication MAC CE described in clause 6.1.3.ZD.
The MAC entity shall:
1>	if the MAC entity receives a PUSCH Pathloss Reference RS Activation/DeactivationIndication MAC CE on a Serving Cell:
2>	indicate to lower layers the information regarding the PUSCH Pathloss Reference RS Activation/Deactivation Indication MAC CE.
[bookmark: _Toc37296240]5.18.16	IndicationActivation/Deactivation of Spatial Relation of SRS resource for Multiple CCs list
[bookmark: _GoBack]The network may activate and deactivateindicate the configuredspatial relation info of  SRS resource for multiple CCsof a CC list by sending the CC list-based SRS Spatial Relation Indication for Multiple CCsActivation/Deactivation MAC CE described in clause 6.1.3.29. The configured SP SRS resource are initially deactivated upon configuration and after a handover.
The MAC entity shall:
1>	if the MAC entity receives a SRS Spatial Relation Indication for Multiple CCsCC list-based SRS Activation/Deactivation MAC CE on a Serving Cell:
2>	indicate to lower layers the information regarding the SRS Spatial Relation Indication for Multiple CCCC list-based SRS Activation/Deactivation MAC CE.
Editor's note: May need further update after the MAC CE format has been determined. FFS further update the naming of CC list after the RRC discussion is stable.

<omit>

[bookmark: _Toc20428347]6.1.3.14	TCI States Activation/Deactivation for UE-specific PDSCH MAC CE
The TCI States Activation/Deactivation for UE-specific PDSCH MAC CE is identified by a MAC subheader with LCID as specified in Table 6.2.1-1. It has a variable size consisting of following fields:
-	Serving Cell ID: This field indicates the identity of the Serving Cell for which the MAC CE applies. The length of the field is 5 bits. If the indicated serving cell is configured as part of a CC-list as specified in TS 38.331 [5], this MAC CE applies to all the CCs in the CC list;. UE should ignore the MAC CE updating for deactivated serving cells on the list and applies the MAC CE updating only for activated serving cells on the list;
-	BWP ID: This field indicates a DL BWP for which the MAC CE applies as the codepoint of the DCI bandwidth part indicator field as specified in TS 38.212 [9]. The length of the BWP ID field is 2 bits. This field is ignored if this MAC CE applies to a CC list;;
-	Ti: If there is a TCI state with TCI-StateId i as specified in TS 38.331 [5], this field indicates the activation/deactivation status of the TCI state with TCI-StateId i, otherwise MAC entity shall ignore the Ti field. The Ti field is set to 1 to indicate that the TCI state with TCI-StateId i shall be activated and mapped to the codepoint of the DCI Transmission Configuration Indication field, as specified in TS 38.214 [7]. The Ti field is set to 0 to indicate that the TCI state with TCI-StateId i shall be deactivated and is not mapped to the codepoint of the DCI Transmission Configuration Indication field. The codepoint to which the TCI State is mapped is determined by its ordinal position among all the TCI States with Ti field set to 1, i.e. the first TCI State with Ti field set to 1 shall be mapped to the codepoint value 0, second TCI State with Ti field set to 1 shall be mapped to the codepoint value 1 and so on. The maximum number of activated TCI states is 8;
-	CORESET Pool ID: This field indicates that mapping between the activated TCI states and the codepoint of the DCI Transmission Configuration Indication set by field Ti  is specific to the ControlResourceSetId configured with CORESET Pool ID as specified in TS 38.331 [5]. This field is set to 1 indicates that this MAC CE shall be applied for the DL transmission scheduled by CORESET with the CORESET pool ID equal to 1, otherwise, this MAC CE shall be applied for the DL transmission scheduled by CORESET pool ID equal to 0. If the coresetPoolIndex is not configured for any CORESET, UE should ignore the CORESET Pool ID field in this MAC CE. If the servicing cell in the MAC CE is configured in one cell list which contains more than one serving cell, the CORSET Pool ID field should be ignored. 


Figure 6.1.3.14-1: TCI States Activation/Deactivation for UE-specific PDSCH MAC CE
[bookmark: _Toc20428348]6.1.3.15	TCI State Indication for UE-specific PDCCH MAC CE
The TCI State Indication for UE-specific PDCCH MAC CE is identified by a MAC subheader with LCID as specified in Table 6.2.1-1. It has a fixed size of 16 bits with following fields:
-	Serving Cell ID: This field indicates the identity of the Serving Cell for which the MAC CE applies. The length of the field is 5 bits. If the indicated serving cell is configured as part of a CC-list as specified in TS 38.331 [5], this MAC CE applies to all the CCs in the CC list.; UE should ignore the MAC CE updating for deactivated serving cells on the list and applies the MAC CE updating only for activated serving cells on the list;
-	CORESET ID: This field indicates a Control Resource Set identified with ControlResourceSetId as specified in TS 38.331 [5], for which the TCI State is being indicated. In case the value of the field is 0, the field refers to the Control Resource Set configured by controlResourceSetZero as specified in TS 38.331 [5]. The length of the field is 4 bits;
-	TCI State ID: This field indicates the TCI state identified by TCI-StateId as specified in TS 38.331 [5] applicable to the Control Resource Set identified by CORESET ID field. If the field of CORESET ID is set to 0, this field indicates a TCI-StateId for a TCI state of the first 64 TCI-states configured by tci-States-ToAddModList and tci-States-ToReleaseList in the PDSCH-Config in the active BWP. If the field of CORESET ID is set to the other value than 0, this field indicates a TCI-StateId configured by tci-StatesPDCCH-ToAddList and tci-StatesPDCCH-ToReleaseList in the controlResourceSet identified by the indicated CORESET ID. The length of the field is 7 bits.


Figure 6.1.3.15-1: TCI State Indication for UE-specific PDCCH MAC CE
<omit>
6.1.3.27	SRS Pathloss Reference RS Activation/Deactivation MAC CE
The SRS Pathloss Reference RS Activation/Deactivation MAC CE is identified by a MAC subheader with LCID as specified in Table 6.2.1-1. It has a fixed size of 24 bits:
-	Serving Cell ID: This field indicates the identity of the Serving Cell, which contains activated SRS Resource Set. The length of the field is 5 bits;
-	BWP ID: This field indicates a UL BWP as the codepoint of the DCI bandwidth part indicator field as specified in TS 38.212 [9], which contains activated SRS Resource Set. The length of the field is 2 bits;
-	SRS Resource Set ID: This field indicates the SRS Resource Set ID identified by SRS-ResourceSetId as specified in TS 38.331 [5]. The length of the field is 4 bits;
-  Pathloss reference RS ID: This field indicates the Pathloss reference RS IDSRS Resource Set ID identified by pathlossReferenceRS as specified in TS 38.331 [5]. The length of the field is 6 bits;
-	R: Reserved bit, set to 0.



Figure 6.1.3.27-1: SRS Pathloss Reference RS Activation/Deactivation MAC CE
6.1.3.28	PUSCH Pathloss Reference RS Activation/Deactivation MAC CE
The PUSCH Pathloss Reference RS Activation/Deactivation MAC CE is identified by a MAC subheader with LCID as specified in Table 6.2.1-1. It has a fixed size of 24 bits:
-	Serving Cell ID: This field indicates the identity of the Serving Cell, which contains activated/deactivated SRS Resource Set. The length of the field is 5 bits;
-	BWP ID: This field indicates a UL BWP as the codepoint of the DCI bandwidth part indicator field as specified in TS 38.212 [9], which contains activated/deactivated SRS Resource Set. The length of the field is 2 bits;
-	SRI ID : This field indicates the SRI PUSCH power control ID identified by sri-PUSCH-PowerControlId as specified in TS 38.331 [5]. The length of the field is 4 bits;
-	PUSCH Pathloss Reference RS ID: This field indicates the PUSCH Pathloss Reference RS ID identified by PUSCH-PathlossReferenceRS-Id as specified in TS 38.331 [5], which is to be activated/deactivated. The length of the field is 6 bits;
-	R: Reserved bit, set to 0.


Figure 6.1.3.28-1: PUSCH Pathloss Reference RS Activation/Deactivation MAC CE
<omit>
6.1.3.29	CC list-based SRS Activation/DeactivationSpatial Relation Indication for Multiple CCs MAC CE
The CC list-based SRS Spatial Relation IndicationActivation/Deactivation for Multiple CCs MAC CE is identified by a MAC subheader with LCID as specified in Table 6.2.1-1. 
-	SRS Resource’s Cell ID: This field indicates the identity of the Serving Cell, which contains the indicated AP/SP SRS Resource. If the C field is set to 0, this field also indicates the identity of the Serving Cell which contains all resources indicated by the Resource IDi fields. The length of the field is 5 bits; If the indicated serving cell is configured as part of a CC-list as specified in TS 38.331 [5], this MAC CE applies to all the CCs in the CC list. UE should ignore the MAC CE updating for deactivated serving cells on the list and applies the MAC CE updating only for activated serving cells on the list;
-	SRS Resource's BWP ID: This field indicates a UL BWP as the codepoint of the DCI bandwidth part indicator field as specified in TS 38.212 [9], which contains the indicated AP/SP SRS Resource. If the C field is set to 0, this field also indicates the identity of the BWP which contains all resources indicated by the Resource IDi fields. The length of the field is 2 bits; This field is ignored if this MAC CE applies to a CC list;
-	C: This field indicates whether the octets containing Resource Serving Cell ID field(s) and Resource BWP ID field(s) are present. If this field is set to 1, the octets containing Resource Serving Cell ID field(s) and Resource BWP ID field(s) are present, otherwise they are not present;
-	SUL: This field indicates whether the MAC CE applies to the NUL carrier or SUL carrier configuration. This field is set to 1 to indicate that it applies to the SUL carrier configuration, and it is set to 0 to indicate that it applies to the NUL carrier configuration;
-	AP/SP SRS Resource ID: This field indicates the AP/SP SRS Resource ID identified by SRS-ResourceId as specified in TS 38.331 [5]. The length of the field is 4 bits;
-	Fi: This field indicates the type of a resource used as a spatial relationship for AP/SP SRS resource indicated with AP/SP SRS Resource ID field. F0 refers to the first SRS resource within the resource set, F1 to the second one and so on. The field is set to 1 to indicate NZP CSI-RS resource index is used, and it is set to 0 to indicate either SSB index or SRS resource index is used. The length of the field is 1 bit. This field is only present if MAC CE is used for activation, i.e. the A/D field is set to 1;
-	Resource IDi: This field contains an identifier of the resource used for spatial relationship derivation for SRS resource i. Resource ID0 refers to the first SRS resource within the resource set, Resource ID1 to the second one and so on. If Fi is set to 0, and the first bit of this field is set to 1, the remainder of this field contains SSB-Index as specified in TS 38.331 [5]. If Fi is set to 0, and the first bit of this field is set to 0, the remainder of this field contains SRS-ResourceId as specified in TS 38.331 [5]. The length of the field is 7 bits. 
-	Resource Serving Cell IDi: This field indicates the identity of the Serving Cell on which the resource used for spatial relationship derivation for SRS resource i is located. The length of the field is 5 bits;
-	Resource BWP IDi: This field indicates a UL BWP as the codepoint of the DCI bandwidth part indicator field as specified in TS 38.212 [9], on which the resource used for spatial relationship derivation for SRS resource i is located. The length of the field is 2 bits;
-	R: Reserved bit, set to 0.

[image: ]
Figure 6.1.3.29-1: CC list-based SRS Spatial Relation IndicationActivation/Deactivation for Multiple CCs MAC CE
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