

Page 1

[bookmark: _Ref452454252]3GPP TSG-RAN WG2 Meeting #109 electronic	R2-2001034
[bookmark: _Hlk32333513]24th February – 6th March 2020	

Agenda item:	6.16.3
Source:	Qualcomm Incorporated
Title:	Design of MIMO DL MAC CE
[bookmark: _Hlk506366071]WID/SID:	NR_eMIMO-Core – Release 16
Document for:	Discussion and Decision
Introduction
In RAN2 #108 meeting, it has been decided that the following MAC CEs should be further studied under email discussion. 
[108#xx][NR] Design of DL MAC CEs (Oppo)
Intended outcome: Identify possible solutions to take RAN1 requests into account for all the following new/modified MAC CEs: 
1. PUCCH spatial relation Activation/Deactivation MAC CE
2. AP-SRS spatial relation and pathloss reference RS update MAC CE
3. SP-SRS pathloss reference RS update MAC CE
4. PUSCH pathloss reference RS update MAC CE
5. simultaneous PUCCH resource group spatial relation update/indication MAC CE
6. simultaneous multiple CCs/BWPs PDSCH TCI state IDs activation
7. simultaneous multiple CCs/BWPs PDCCH CORESET TCI state IDs activation
8. simultaneous multiple CCs/BWPs SP/AP SRS resource Spatial Relation activation
(at least for the MAC CEs 5 ~ 8 for simultaneous update/indication/activation discuss which approach to follow: 1. RRC configuration only, 2. RRC configuration plus MAC CE changes, 3. MAC CE changes only)
	Deadline:  Until next meeting

On the other hand, a working assumption was made about the TCI states activation MAC CE for multi-PDCCH multi-TRP in the RAN2 #108 meeting, and it needs further study.
Working assumptions (unless different information is received from RAN1):
1. Network can send the TCI states activation MAC CE from any TRP and the UE does not need to know from which TRP this comes from

During email discussion, there are various design options for MAC CEs and several remaining issues need further study. In this paper, we would like to provide our views and designs for all MIMO DL MAC CEs.
Discussion
PUCCH resource (group) spatial relation activation/deactivation MAC CE
The Rel-15 PUCCH spatial relation activation/deactivation MAC CE can activate one spatial relation among 8 configured spatial relation information. In Rel-16, RAN1 has agreed to increase the maximum configured PUCCH spatial relation from 8 to 64. The straightforward way is that the spatial relation information field in legacy Rel-15 PUCCH spatial relation MAC CE is extended to support 64 candidate spatial relation information. The indicated PUCCH resource ID is configured with one activated spatial relation information among the 64 candidates.
In addition to increasing the maximum configured PUCCH spatial relation, RAN1 further made several agreements to allow updating the spatial relation for the PUCCH resource group.
	Agreement (RAN1 #98b)
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 (RAN1 #99)
Send an LS to RAN2 to indicate that from RAN1 perspective, the following examples have be studied and RAN2 should consider this in their work.

For the agreed feature of simultaneous update/indication of a single spatial relation per group of PUCCH resources by using MAC CE, the detail on explicit higher layer signalling on PUCCH resource grouping is determined by
· Example 1: Introducing a group identifier inside each PUCCH resource
· Example 2: Defining a new PUCCH group, which contains identities of PUCCH resources



During email discussion, one option is that another new MAC CE should be designed to activate the spatial relation per PUCCH resource group. Therefore, two new MAC CEs should be designed for per PUCCH resource and per PUCCH resource group separately.
In our view, a single new MAC CE can be well designed to support all RAN1’s requirements on updating the spatial relation information either for single PUCCH resource or for the PUCCH resource group. From the functionality perspective, the enhancements are both related to the PUCCH spatial relation information updating, either per PUCCH resource or per PUCCH resource group. One indication bit can be introduced in the MAC CE to indicate whether the MAC CE is used for single PUCCH resource updating or for the PUCCH resource group updating. Furthermore, the benefit for one single MAC CE design also include saving the LCID. There are limited number of LCIDs left in current MAC if Rel-16 doesn’t extend the LCID space.
One comment is that it may waste the network resource if the MAC CE can only update one PUCCH resource in case that multiple PUCCH resources should be updated with the spatial relation. We think it can still be resolved by well configured PUCCH group information together with the PUCCH group based MAC CE. It seems there are no clear benefits for the multiple PUCCH resources updating and it is kind of optimization.
Figure 1 provides our preferred PUCCH resource (group) spatial relation activation/deactivation MAC CE. The 6-bit spatial relation information can support up to 64 candidate configured spatial relation information. The C field is the indication bit. If network configures a PUCCH group identifier inside each PUCCH resource or defines a PUCCH group to contain the PUCCH resources, the activated spatial relation information can be updated for all the PUCCH resources within the PUCCH group which contains the indicated PUCCH resource ID with the indication bit ON. Otherwise, the activated spatial relation information is only updated for the indicated PUCCH resource ID, no matter network configures the PUCCH group identifier or not.
It should be noted that the indication bit is required, since it can allow network to update the spatial relation per PUCCH resource even the PUCCH resource group identifier is already configured by RRC.
[image: ]
Figure 1 PUCCH resource (group) spatial relation activation/deactivation MAC CE
Proposal 1: One single new MAC CE should be introduced to support PUCCH spatial relation activation for PUCCH resource or PUCCH resource group. One indication bit is needed in the new MAC CE.

AP SRS activation/deactivation MAC CE
RAN1 discussed and made following agreements for spatial relation update for AP SRS.
	Agreement (RAN1#97)
The supported feature of MAC CE based spatial relation update for aperiodic SRS per resource level is applicable to at least 3 supported usages as codebook-based UL, non-codebook-based UL, beam management.

Agreement (RAN1 #98)
The following working assumption is confirmed with modification (in red):
The supported feature of MAC CE based spatial relation update for aperiodic SRS is applicable to the usage of antenna switching per SRS resource level.
· [bookmark: _Hlk32351184]In case of antenna switching, UE does not expect to be configured with different spatial relation within the same set



Based on RAN1 agreements above, a MAC CE should be designed for spatial relation update for aperiodic SRS. In Rel-15, there is an SP SRS Activation/Deactivation MAC CE, which is used for the activation and deactivation of the configured Semi-persistent SRS resource sets of a Serving Cell.
During email discussion, one option is to propose the new MAC CE for AP SRS spatial relation update with the granularity of SRS resource level. However, it is not preferable due to following reasons. First, for the new MAC CE, a new LCID is required, which is a burden for the limited LCID indexes. Second, the use case of supporting AP SRS spatial relation update per SRS resource level is not clear. It is more common that gNB needs to update the spatial relation of multiple SRS resources within an AP SRS resource set, especially RAN1 agreed that ‘In case of antenna switching, UE does not expect to be configured with different spatial relation within the same set’. 
[bookmark: _Hlk32351795]Hence, reusing the legacy SP SRS Activation/Deactivation MAC CE can be a simple method. By revisions of SP SRS resource set related descriptions to AP SPS resource set related descriptions in MAC CE section in TS 38.321, less specification effort can be expected. In addition, in this method, a new LCID for AP SRS activation/deactivation may be even not needed. Since SRS resource set is unique, the field of ‘SP SRS Resource Set ID’ in Rel-15 MAC CE can be reused as ‘AP SRS Resource Set ID’ in Rel-16 MAC CE. Without new LCID, whether the MAC CE is for SP SRS activation/deactivation or AP SRS activation/deactivation can be implicitly determined by network configuration. We also do not object a new LCID for the Rel-16 AP SRS activation/deactivation MAC CE.
Proposal 2: The Rel-15 SP SRS Activation/Deactivation MAC CE should be reused for Rel-16 AP SRS activation/deactivation MAC CE.

Pathloss reference RS for PUSCH/SRS update MAC CE
Regarding the pathloss reference RS for PUSCH/SRS update MAC CE, RAN1 has made several agreements below.
	Working assumption (RAN1 #98b)
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 (RRC impact) (RAN1 #99)
On power control for PUSCH, PUCCH, and SRS, the total number of maximum configurable pathloss RSs, in including those supported in Rel-15, by RRC is 64
· Note: Such pathloss reference signals are for configuration purpose only, and UE is still only required to track up to 4 pathloss RSs for any PUSCH, PUCCH, and SRS transmissions. 
· “Up to 4 pathloss RSs” applies the total number of pathloss RSs for PUSCH, PUCCH, and SRS



In Rel-15, UE is configured by network with multiple Pathloss Reference RS(s) through RRC signalling. For the pathloss reference RS for SRS, RRC configures the mapping between the pathlossReferenceRS and an SRS resource set. For pathloss reference RS for PUSCH, RRC also configures the mapping relationship between sri-PUSCH-PowerControlId and PUSCH-PathlossReferenceRS-Id. UE is required to track and measure the activated Pathloss Reference RS to calculate the pathloss for power control and beam measurement.
UE obtains the sri-PUSCH-PowerControlId from the SRI field in DCI format 0_1 scheduled by network, and sri-PUSCH-PowerControlId is used as the codepoint in the SRI DCI field. Then UE can determine the pathloss reference RS from the value of PUSCH-PathlossReferenceRS-Id mapped to the SRI field in the scheduling DCI.
In Rel-15, when network would like to update the new pathloss reference RS configuration to the desired UE, RRC reconfiguration may cause latency and complexity. The Rel-16 new MAC CE based approach can provide more flexible configuration and reduce latency.
During email discussion, it has been discussed whether the pathloss reference RS for PUSCH update MAC CE should update single or multiple mapping between sri-PUSCH-PowerControlId and PUSCH-PathlossReferenceRS-Id, and similar question also exists for the pathloss reference RS for SRS update MAC CE to update single or multiple mapping between pathlossReferenceRS and SRS resource set.
In our view, we think the multiple mappings should be supported for these two MAC CEs. The benefit is that network can have much more flexibility to update one or more mappings between pathloss reference RS and SRS resource set or sri-PUSCH-PowerControlId. For the pathloss reference RS for PUSCH MAC CE (as an example), the MAC CE should perform the down selection among the configured PathlossReferenceRS-Id mapping to the sri-PUSCH-PowerControlId. The DCI is still used to indicate the sri-PUSCH-PowerControlId as Rel-15 does. If only one mapping is provided in the MAC CE, it seems MAC CE takes role of pathloss reference RS indication. In addition, we believe that the one to one mapping can already meet the RAN1’s requirements, and such 1:M or M:1 mapping schemes are not needed, and it is no clear benefit.
Figure 2 shows our preferred pathloss reference RS for PUSCH update MAC CE, and Figure 3 is the pathloss reference RS for SRS update MAC CE.



Figure 2 Pathloss reference RS for PUSCH update MAC CE


Figure 3 Pathloss reference RS for SRS update MAC CE
Proposal 3: The Rel-16 pathloss reference RS for PUSCH MAC CE should support multiple mappings between sri-PUSCH-PowerControlId and PUSCH-PathlossReferenceRS-Id.
Proposal 4: The Rel-16 pathloss reference RS for SRS MAC CE should support multiple mappings between pathlossReferenceRS and an SRS resource set.

Simultaneous TCI states/spatial relation update MAC CE for multiple CCs
Regarding the multiple CCs case, RAN1 has made several agreements on simultaneous TCI stats/spatial relation update for PDSCH/PDCCH/SRS.
	Agreement (RAN1 #98)
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
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.
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.
· Send LS to RAN2 to inform above
Agreement (RAN1 #99)
The following working assumption is confirmed with revision in red
(Working assumption #1 @RAN1#98bis) 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)
Agreement
The following working assumption is confirmed 
Working assumption#2 @RAN1#98bis
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



The motivation to introduce the simultaneous TCI states/spatial relation update by single MAC CE is to reduce the signaling overhead and latency for beam managements. According to RAN1’s requirements, three new MAC CEs should be designed.
· Simultaneous TCI States Activation/Deactivation for UE-specific PDSCH for multiple CCs MAC CE
· Simultaneous TCI state indication for UE-specific PDCCH for multiple CCs MAC CE
· Simultaneous SP SRS Activation/Deactivation for multiple CCs MAC CE
During email discussion, at least two solutions were discussed, one solution is MAC CE + RRC configuration solution, and another solution is RRC configuration only solution. 
For the RRC configuration only solution, the legacy corresponding MAC CE is used. When UE receives the legacy MAC CE, the Rel-16 UE will update the TCI states/spatial relation across all carriers under the configured CC-list ID which includes the indicated cell in the MAC CE if network configures the CC-list ID parameter. It seems there is no chance to update TCI states/spatial relation per cell if network configures the CC-list parameter for Rel-16 UE. 
If supporting the TCI states/spatial relation updating per CC and per CC-list are still both required for Rel-16 UE, one solution is to configure a new LCID to differentiate the use case of this MAC CE to either per CC or per CC-list, then there seems no clear benefits compared to introducing a new MAC CE. Another solution is that network can reconfigure the CC-list to contain only one CC, which causes latency or ambiguity.
Therefore, the MAC CE + RRC solution is the preferred solution. In each new MAC CE, a new field is introduced to indicate the CC list ID. When UE receives the MAC CE, all the CCs configured within the CC list should apply for the activated TCI states/spatial relation. Figure 4, Figure 5 and Figure 6 provide our preferred Simultaneous TCI states/spatial relation update for multiple CCs MAC CEs format.




Figure 4 Simultaneous TCI States Activation/Deactivation for UE-specific PDSCH for multiple CCs MAC CE


Figure 5 Simultaneous TCI state indication for UE-specific PDCCH for multiple CCs MAC CE


Figure 6 Simultaneous SP SRS Activation/Deactivation for multiple CCs MAC CE
Proposal 5: The cell list indication field should be included in the simultaneous TCI states/spatial relation update for multiple CCs MAC CEs.

TCI state activation MAC CE for multi-PDCCH multi-TRP 
In RAN2 #108 meeting, the TCI states activation MAC CE for multi-PDCCH multi-TRP was discussed and a working assumption was made that network can send the TCI states activation MAC CE from any TRP and the UE does not need to know from which TRP this comes from.
For this MAC CE design in multi-PDCCH multi-TRP scenario, the straightforward way is to reuse Rel-15 MAC CE. Since separate PDSCH can be transmitted from multi-TRP scheduled by multi-PDCCH, the Rel-15 TCI states MAC CE transmitted in each PDSCH can be used to activate/deactivate the TCI states for corresponding PDSCH. In that case, the MAC CE can configure the TCI states only for the PDSCH from one TRP that transmits this MAC CE, it cannot configure the TCI states for the PDSCH from another TRP, which is not flexible enough. In addition, from implementation perspective, MAC layer is lack of TRP information when UE receives the MAC CE, and MAC layer cannot identify which TRP the MAC CE is for.
To overcome the disadvantages above, the Rel-15 TCI states MAC CE can be enhanced to indicate the TRP information by minor update. The P field in Rel-15 MAC CE can be enhanced to indicate which TRP index or CORESETPoolIndex the MAC CE corresponds to. For example, if P is set to 0, PDSCH corresponding to CORESETPoolIndex 0 is indicated, and if P is set to 1, PDSCH corresponding to CORESETPoolIndex 1 is indicated. The new MAC CE can be used to activate/deactivate the TCI states for PDSCH from any TRP, which increases the operation flexibility. In addition, from implementation perspective, PHY information is not needed since the TRP index is explicitly indicated in the new MAC CE. In a word, the new MAC CE can simplify the UE configuration and increase the operation flexibility at the cost of small specification effort.
[bookmark: _GoBack]Figure 7 provides our preferred MAC CE format for TCI state activation for PDSCH for multi-PDCCH multi-TRP.
[image: ]
Figure 7 TCI state activation for UE-specific PDSCH MAC CE for multi-PDCCH multi-TRP
Proposal 6: Enhance the Rel-15 TCI States Activation/Deactivation for UE-specific PDSCH MAC CE with reinterpretation of P field for Rel-16 TCI States Activation/Deactivation for UE-specific PDSCH MAC CE for multi-PDCCH multi-TRP.

Conclusion
We’d recommend RAN2 to discuss and adopt the following proposals:
Proposal 1: One single new MAC CE should be introduced to support PUCCH spatial relation activation for PUCCH resource or PUCCH resource group. One indication bit is needed in the new MAC CE.
Proposal 2: The Rel-15 SP SRS Activation/Deactivation MAC CE should be reused for Rel-16 AP SRS activation/deactivation MAC CE.
Proposal 3: The Rel-16 pathloss reference RS for PUSCH MAC CE should support multiple mappings between sri-PUSCH-PowerControlId and PUSCH-PathlossReferenceRS-Id.
Proposal 4: The Rel-16 pathloss reference RS for SRS MAC CE should support multiple mappings between pathlossReferenceRS and an SRS resource set.
Proposal 5: The cell list indication field should be included in the simultaneous TCI states/spatial relation update for multiple CCs MAC CEs.
Proposal 6: Enhance the Rel-15 TCI States Activation/Deactivation for UE-specific PDSCH MAC CE with reinterpretation of P field for Rel-16 TCI States Activation/Deactivation for UE-specific PDSCH MAC CE for multi-PDCCH multi-TRP.

References
[1] TS 38.321, Medium Access Control (MAC) protocol specification, 3GPP.
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