[bookmark: OLE_LINK64][bookmark: OLE_LINK65]3GPP TSG-RAN WG4 Meeting #106	R4-2302018
Athens, Greece, Feb 27th – Mar 3rd, 2023

Title: 	Discussion on RRM impacts for R18 MIMO evolution
[bookmark: OLE_LINK25]Source: 	Huawei, HiSilicon
Agenda item:	9.28.3.2
Document for:	Discussion
Introduction
R18 WID on MIMO evolution for downlink and uplink was approved in [1] and further revised in [2], and the detailed objectives of this WI are described as follows:
	1. Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
· Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
· UE reporting of time-domain channel properties measured via CSI-RS for tracking
2. Specify extension of Rel-17 Unified TCI framework for indication of multiple DL and UL TCI states focusing on multi-TRP use case, using Rel-17 unified TCI framework.
3. Study, and if justified, specify larger number of orthogonal DMRS ports for downlink and uplink MU-MIMO (without increasing the DM-RS overhead), only for CP-OFDM,
· Striving for a common design between DL and UL DMRS
· Up to 24 orthogonal DM-RS ports, where for each applicable DMRS type, the maximum number of orthogonal ports is doubled for both single- and double-symbol DMRS
4. Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints that 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32
5. Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.
6. Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.
7. Study, and if justified, specify the following 
· Two TAs for UL multi-DCI for multi-TRP operation 
· Power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.
For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 6 scenarios.


RAN4 needs to specify necessary RRM requirements for the enhancements listed above. In this contribution, we will provide initial discussion on the RRM impacts for MIMO evolution
Discussion
For R18 MIMO evolution on DL and UL, there are 7 objectives listed in WID [1]. It can be observed that objectives 1, 3 and 5 are the enhancements on codebook and RS physical layer design, which are more related to demodulation part rather than RRM part. For objective 4, CJT mTRP is introduced to improve coverage and throughput. The enhancements for CJT mTRP are related to codebook and SRS physical layer design, which also mainly impact demodulation performance. CJT mTRP is assumed with ideal backhaul and synchronization. Then, the timing difference across TRPs can be assumed to be very small and shorter than CP length, which has no obvious impacts on RRM requirements. The RRM impacts of other objectives are provided in the following sections.
Unified TCI framework extension for multi-TRP
Objective 2 is to specify extension of Rel-17 Unified TCI framework for indication of multiple DL and UL TCI states focusing on multi-TRP use case, using Rel-17 unified TCI framework. In Rel-17 RRM discussion, unified TCI requirements for TCI switching was defined for sTRP case. For mTRP scenario, there is another Rel-18 WI which is focusing on FR2 multi-Rx chain DL reception. The TCI switching requirements are discussed based on Rel-15/16 TCI framework without consideration unified TCI [3]. The unified TCI is extended to mTRP for less overhead in frequent/separate TCI configuration/command. Considering the legacy TCI/Rel-17 Unified TCI for sTRP/legacy TCI for mTRP which are already defined or under discussion in RAN4, it is important to identify the RRM impacts of the objective in this WI.
For FR2, mTRP is mostly related to different QCL-typeD. For FR2 DL in mTRP, the discussion in Rel-18 multi-Rx is still premature. The scopes of TCI state switching involving sDCI and mDCI and still not very clear. The discussion in last meeting was focused on the relation to the groupbased reporting, and potential feasible TCI switching methods. For unified TCI extension to mTRP, from our understanding, the most significant difference lies in signalling/configuration design. From RAN4 RRM’s perspective, there are lots common issues compared with the legacy TCI+mTRP which is under discussion. 
Observation 1: TCI switching based on Rel-15/16 TCI for FR2 DL in mTRP is under discussion in Rel-18 multi-Rx chain.
For the FR2 UL part, it was not considered in Rel-18 multi-Rx WI. Instead, simultaneous multi-panel UL transmission for FR2 mTRP, where unified TCI extension is assumed to be considered. Apparently, from RRM perspective, the RRM requirements for TCI switching shall be considered after the framework of FR2 multi-panel UL is clear with more inputs of RAN1 design.
Observation 2: Unified TCI extension to mTRP for FR2 DL shall be discussed when the framework of FR2 multi-panel UL is clear with more inputs of RAN1 design.
Thus, based on the analysis above, it is proposed to discuss the Unified TCI extension to mTRP in FR2 with more conclusion of Rel-18 Multi-Rx and UL multi-panel in Rel-18 MIMO.
Proposal 1: RAN4 to discuss the Unified TCI extension to mTRP in FR2 with more conclusions of Rel-18 Multi-Rx and UL multi-panel in Rel-18 MIMO.
In the following part, we would like to elaborate the difference between unified TCI vs legacy TCI in mTRP based on existing RAN1 agreements.
PDCCH
In sTRP scenarios, TCI state switching requirements are defined based on Rel-15/16 TCI framework and Rel-17 unified TCI. Compared with legacy mechanism, unified TCI can enable PDCCH following the TCI of PDSCH when followUnifiedTCIstate is enabled. Which means if the TCI state of PDSCH is changed via DCI, the TCI of PDCCH can be changed accordingly.
When considering mTRP scenario, it can be further divided into sDCI and mDCI as follows:
sDCI
For sDCI, for most cases the PDCCH is transmitted from one of the TRP and there is only one TCI indicated for PDCCH reception. The exception is for PDCCH repetition which is introduced in Rel-17. One coreset can be linked to another one, and UE autonomously use two TCI to receive these two PDCCH for repetition. And in FR2, there is dedicated UE capability for time-domain overlapping case with different QCL-TypeD for repetition which is shown as follows.
	mTRP-PDCCH-TwoQCL-TypeD-r17	
Indicates the support of determining two QCL-TypeD for time-domain overlapping CORESETs in the same CC or for intra-band CA when UE is configured with PDCCH repetition.
The UE indicating support of this feature shall also indicate support of mTRP-PDCCH-Repetition-r17.
	Band
	No
	N/A
	FR2 only


Another special case is PDCCH repetition for SFN, where a new MAC CE is introduced to indicated two TCI states in one MAC CE.
When considering unified TCI in mTRP, the latest RAN1 agreements are shown as follows. It means for mTRP mode, there will be two TCI states (so called unified TCI), and in the RRC configuration of each coreset, whether to apply the first one, the second one, both or none of the TCI states will be indicated.
	Agreement
On unified TCI framework extension for S-DCI based MTRP, to inform the association with the joint/DL TCI state(s) indicated by DCI/MAC-CE for PDCCH repetition, PDCCH-SFN, and PDCCH w/o repetition/SFN, support the following:
· Use RRC configuration to inform that the UE shall apply the first one, the second one, both, or none of the joint/DL TCI states indicated by DCI/MAC-CE to a CORESET or a group of CORESETs (if CORESET group configuration is supported)



Observation 3: For sDCI PDCCH, additional RRC indication shall be considered for TCI switching.
mDCI
For mDCI PDCCH, the latest RAN1 agreements are shown as follows. It could be observed that the TCI state mapping and TCI indication of joint/DL TCI states are all confined within the same coresetPoolIndex. Thus, for each coresetPoolIndex, there is no significant difference compared with unified TCI for sTRP.
	
Agreement
On unified TCI framework extension for M-DCI based MTRP:
· The existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment) associated with one coresetPoolIndex value can indicate the joint/DL/UL TCI state(s) specific to the same coresetPoolIndex value
· FFS: The UE shall apply the indicated joint/DL/UL TCI state(s) specific to a coresetPoolIndex value to channel(s)/signal(s) that have explicit or implicit association with the same coresetPoolIndex value
· A coresetPoolIndex value field is included in TCI state activation command (MAC-CE) to indicate that the mapping between the activated TCI state(s) and the TCI codepoint(s) is specific to which coresetPoolIndex value

Agreement 
On unified TCI framework extension for M-DCI based MTRP:
· The UE shall apply the indicated joint/DL TCI state specific to a coresetPoolIndex value to PDCCH on a CORESET that is associated with the same coresetPoolIndex value
· The UE shall apply the indicated joint/DL TCI state specific to a coresetPoolIndex value to PDSCH scheduled/activated by PDCCH on a CORESET that is associated with the same coresetPoolIndex value
· FFS: Other channel(s)/signal(s) that has explicit or implicit association with a coresetPoolIndex value
· FFS: Other channel(s)/signal(s) that doesn’t have association with a coresetPoolIndex value
Above are applicable to the CORESET(s) that is configured/allowed to follow the indicated joint/DL TCI state
FFS: The configuration/rule to configure/allow CORESET(s) to follow the indicated joint/DL TCI state, including the option to reuse the same configuration/rule as in Rel-17 unified TCI framework



Observation 4: For mDCI PDCCH, the TCI mapping and indication are confined within the same coresePoolIndex value.
PDSCH
For PDSCH, in legacy sTRP scenarios, NW use RRC/MAC CE/DCI to indicate the TCI state of a PDSCH. For Rel-17 Unified TCI, there is no significant change for PDSCH. 
sDCI
For sDCI PDSCH, the latest agreements are shown as follows. Based on RAN1’s design, NW will indicate two TCI states in mTRP mode, and UE shall take these two TCI states as long-term configuration. And there will be a new indication in DCI to indicate that, for a particular PDSCH, UE shall use which one or both of the above two TCI states for reception.
	Agreement
On unified TCI framework extension for S-DCI based MTRP, a DCI field in DCI format 1_1/1_2 that schedules/activates PDSCH reception is used to determine which one or both of the indicated joint/DL TCI states shall be applied to the scheduled/activated PDSCH reception
· The presence of the DCI field is configurable by RRC; when the DCI field is not present in DCI format 1_1/1_2, the UE shall apply the default indicated joint/DL TCI state(s) to PDSCH reception
· FFS: Details on the default indicated joint/DL TCI state(s) to PDSCH reception
· FFS: The DCI field is a new indicator field or an existing field (e.g., the existing TCI field)
· FFS: Regardless the DCI field is present or not present, how to apply the indicated joint/DL TCI state(s) to PDSCH reception if the offset between the reception of the DCI format 1_1/1_2 and the corresponding PDSCH reception is less than a threshold 
FFS: How to apply the indicated joint/DL TCI state(s) to PDSCH reception scheduled/activated by DCI format 1_0.
Above applies for the case where PDSCHs scheduled by the same DCI.

Agreement
On unified TCI framework extension for S-DCI based MTRP, a new indicator field is supported as the DCI field in DCI format 1_1/1_2 that schedules/activates PDSCH reception to determine which one or both of the indicated joint/DL TCI states shall be applied to the scheduled/activated PDSCH reception
FFS: Detail design of the new indicator field



Observation 5: For sDCI PDSCH, a new indicator in DCI is introduced to inform UE to use one or both of indicated TCI states for a particular PDSCH.
mDCI
For mDCI PDSCH, similar as the PDCCH, the latest RAN1 design shows that the TCI mapping and indication are confined with the same coresetPoolIndex value. Thus, there is no significant difference compared with unified TCI in sTRP.
Observation 6: For mDCI PDSCH, the TCI mapping and indication are confined within the same coresePoolIndex value.
PUCCH
In legacy requirements, there is no TCI configuration for PUCCH. Instead, NW can indicate PL-RS and spatialrelation if applicable for PUCCH/PUSCH. For unified TCI for sTRP, the enhancements are mainly UL power control where the UL control parameters can be associated with one UL TCI or joint TCI. And the UL TCI can be associated with DL TCI which is so called joint TCI. For mTRP in Rel-17, PUCCH repetition was introduced in TDM manners. Two new MAC CE were introduced to indicate two spatialrealtion or PC set within one MAC which is shown as follow:
	

Figure 6.1.3.45-1: PUCCH spatial relation Activation/Deactivation for multiple TRP PUCCH repetition MAC CE


Figure 6.1.3.46-1: PUCCH power control set update for multiple TRP PUCCH repletion MAC CE




For unified TCI extension to mTRP, RAN1’s latest progress is shown as follows for sDCI and mDCI respectively.
sDCI
Similar as sDCI PDCCH, RAN1 decides to use RRC configuration to inform that the UE shall apply the first one, the second one, or both of the indicated joint/UL TCI states.
	Agreement
[bookmark: _Hlk127268113]On unified TCI framework extension for S-DCI based MTRP, use RRC configuration to inform that the UE shall apply the first one, the second one, or both of the indicated joint/UL TCI states to a PUCCH resource/group
· Note: Detail of the RRC configuration is left to RAN2 design




PUSCH
For PUSCH, similar as PUCCH, PUSCH repetition was introduced in Rel-17 in TDM manner. And the beam indication is via SRS resource set indicated corresponding to two TRPs, and the Power control is conducted per TRP. For unified TCI extension to mTRP, the latest RAN1 progress are shown as follows:
sDCI
	Agreement
On unified TCI framework extension for S-DCI based MTRP, use an indicator field (could be reusing an existing DCI field or introducing a new DCI field) in the DCI format 0_1/0_2 to inform which joint/UL TCI state(s) indicated by MAC-CE/DCI the UE shall apply to PUSCH transmission scheduled/activated by the DCI format 0_1/0_2




mDCI
	Agreement

On unified TCI framework extension for M-DCI based MTRP, the UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to PUSCH transmission scheduled/activated by PDCCH (including DG-PUSCH and Type2 CG-PUSCH) on a CORESET that is associated with the same coresetPoolIndex value




For PUCCH/PUSCH, it could be observed that the unified TCI extension to mTRP for sDCI and mDCI are similar to PDCCH and PDSCH. For sDCI PUSCH, there is a DCI indicator to inform UE which joint/UL TCI to be used. For sDCI PUCCH, RRC configuration will be adopted to inform UE to apply the first one, the second one, or both of the indicated joint/UL TCI. For mDCI cases, there is no significant difference since the TCI mapping and indication are confined within the same coresetPoolIndex value. 
Based on analysis above, it could be observed that there could be multiple combinations considering sDCI/mDCI vs different UL/DL channel. It could be more complicated with intra-cell and inter-cell. So before stepping into the detailed requirements for each case, it is suggested to clarify the scope of RRM impact of this objective considering following factors:
sDCI and mDCI
intra-cell and inter-cell
Repetition and SFN
Proposal 2: It is suggested to clarify the scope of RRM impacts of unified TCI extension to mTRP considering at least following factors:
· sDCI and mDCI
· intra-cell and inter-cell
· Repetition and SFN
In addition to TCI state switching requirements, there is other enhancement related to unified TCI framework extension in mTR about BFD/BFR. The latest status are as follows:
	Agreement
On unified TCI framework extension, study the following enhancements for TRP-specific BFR:
· Implicit BFD-RS determination based on the indicated joint/DL TCI states for S-DCI based MTRP
· Enhancement to beam update after NW response to TRP-specific BFR request




From our understanding, RAN4 shall wait for more RAN1 conclusion to identify whether there is RRM impacts on TRP-specific BFR on unified TCI framework extension.
Proposal 3: RAN4 shall wait for more RAN1 conclusion to identify whether there is RRM impacts on TRP-specific BFR on unified TCI framework extension.
Simultaneous multi-panel UL transmission
For objective 6, the enhancement on simultaneous multi-panel UL transmission targeting FR2 and multi-TRP need to be studied.
[bookmark: _Hlk126778314]UE UL transmission timing is derived from the DL reception timing at UE side. The source RS in joint/UL TCI state is DL-RS, and the beam information of UL transmission also need to be derived from the QCL information of DL-RS. So, the enhancement on simultaneous UL transmission with multi-panel need to be discussed based on the enhancement on simultaneous DL receptions with multi-panel.
Proposal 4: The enhancement on simultaneous UL transmission with multi-panel need to be studied based on the enhancement on simultaneous DL receptions with multi-panel.
For simultaneous DL receptions with multi-panel, group-based L1-RSRP reporting needs to be configured. The active TCI pair for simultaneous DL receptions for multi-TRP is indicated according to the group based L1-RSRP measurements. The source RS in joint/UL TCI state is DL RS, i.e. the UL beam relation also need to be derived from the DL beam relation. Similarly, group based L1-RSRP measurements is also considered to enable simultaneous UL transmission with multi-panel. The TCI pair for simultaneous UL transmission needs to be indicated based on group based L1-RSRP measurements.
Proposal 5: The group based L1-RSRP measurements is considered to be configured for supporting simultaneous UL transmission with multi-panel.
Two TAs for UL multi-DCI for multi-TRP
For objective 7, two TA enhancement for multi-DCI multi-TRP operation need to be studied. RAN4 has already discussed the MRTD/MTTD requirements for multi-DCI multi-TRP with two TA and achieved some agreements in WF [4].
For multi-DCI multi-TRP operation with two TAs in a CC, two DL reference timings on one CC are supported where each DL reference timing is associated with one TAG. However, how to select DL reference timing for each TAG need to be studied. In RAN1, the solutions for TAG association were discussed and the following options were considered.
	Agreement
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, the four options agreed in RAN1#110bis-e are refined as below (down-selection of one or a combination of the options to be performed in RAN1#111):
· Option 1: Associate TAG to TCI-state/spatial relation
· Configure TAG ID as part of UL/joint TCI state or spatial relation
· for UL transmission, the TAG ID associated with the UL/joint TCI state or spatial relation is utilized
· Option 2: Associate TAG to CORESETPoolIndex
· for dynamically scheduled/activated PUSCH, TAG associated with the CORESET pool index of the CORESET carrying the scheduling/activating PDCCH is utilized for UL transmission
· for Type 1 CG, P/SP-SRS, and P/SP-PUCCH, coresetPoolIndex is RRC-configured.
· FFS:   Other signals/channels:  AP-SRS, and dynamic HARQ-ACK
· Option 3: Associate TAG to SSB group (if such an association is agreed in agenda 9.1.1.2). For a UL transmission, UE adopts the TAG associated with the SSB group such that
· if the PL RS is an SSB, then the UE adopts the TAG associated with the SSB group which the PL RS of the UL transmission belongs to
· if the PL RS is a CSI-RS, then the UE adopts the TAG associated with the SSB group which the QCL source SSB of the PL RS belongs to 
· Option 4:  TAG association performed as follows:
· for dynamically scheduled/activated channels/signals, TAG associated with the CORESET pool index of the CORESET carrying the scheduling PDCCH is utilized for UL transmission
· for P/SP UL channels / signals (not scheduled or activated by DCI), TAG ID is RRC-configured.


For option 1, TAG can be associated to TCI-state, and QCL Type A RS in the associated TCI-state can be used for deriving DL reference timing for this TAG. For option 3, TAG can be associated to SSB group, and the SSBs in the associated SSB group can be used for deriving DL reference timing for this TAG. The solutions for TAG association impacts how to derive DL reference timing for each TAG in RAN4. However, there is no conclusion on TAG association solution in RAN1.
Proposal 6: For multi-DCI based multi-TRP with two TA, RAN4 need to study how to select the DL reference timing for each TAG on a CC and RAN1’s inputs on TAG association are needed.
For multi-DCI multi-TRP operation with two TAs in a CC, the two UL transmissions associated with two TAs can be partially overlapped. RAN4 need to study whether partially overlapped UL transmissions with different TAs are is supported and how to handle overlapping part between two UL transmissions associated with two TAs if not allowed. The baseline assumption is that the Rx timing difference between the two DL reference timings is no larger than CP length, and the overlapping part between two UL transmissions is mainly covered by a CP length. If simultaneous UL transmissions is not allowed, the overlapped CP part can be dropped. But UE can be optional to support the Rx timing difference between the two DL reference timings larger than CP length. For this case, the overlapping part will exceed CP. If simultaneous UL transmissions is not allowed, then which UL transmission need to be dropped shall be further studied.
Proposal 7: For multi-DCI based multi-TRP with two TA, RAN4 need to study the following two aspects:
· Whether or when partially overlapped UL transmissions with different TAs is allowed.
· How to handle overlapping part between two UL transmissions associated with two TAs if not allowed.
[bookmark: _GoBack]Conclusions
In this paper we provided our analysis on RRM impacts for R18 MIMO evolution. The followings are provided.
Observation 1: TCI switching based on Rel-15/16 TCI for FR2 DL in mTRP is under discussion in Rel-18 multi-Rx chain.
Observation 2: Unified TCI extension to mTRP for FR2 DL shall be discussed when the framework of FR2 multi-panel UL is clear with more inputs of RAN1 design.
Proposal 1: RAN4 to discuss the Unified TCI extension to mTRP in FR2 with more conclusions of Rel-18 Multi-Rx and UL multi-panel in Rel-18 MIMO.
Observation 3: For sDCI PDCCH, additional RRC indication shall be considered for TCI switching.
Observation 4: For mDCI PDCCH, the TCI mapping and indication are confined within the same coresePoolIndex value.
Observation 5: For sDCI PDSCH, a new indicator in DCI is introduced to inform UE to use one or both of indicated TCI states for a particular PDSCH.
Observation 6: For mDCI PDSCH, the TCI mapping and indication are confined within the same coresePoolIndex value.
Proposal 2: It is suggested to clarify the scope of RRM impacts of unified TCI extension to mTRP considering at least following factors:
· sDCI and mDCI
· intra-cell and inter-cell
· Repetition and SFN
Proposal 3: RAN4 shall wait for more RAN1 conclusion to identify whether there is RRM impacts on TRP-specific BFR on unified TCI framework extension.
Proposal 4: The enhancement on simultaneous UL transmission with multi-panel need to be studied based on the enhancement on simultaneous DL receptions with multi-panel.
Proposal 5: The group based L1-RSRP measurements is considered to be configured for supporting simultaneous UL transmission with multi-panel.
Proposal 6: For multi-DCI based multi-TRP with two TA, RAN4 need to study how to select the DL reference timing for each TAG on a CC and RAN1’s inputs on TAG association are needed.
Proposal 7: For multi-DCI based multi-TRP with two TA, RAN4 need to study the following two aspects:
· Whether or when partially overlapped UL transmissions with different TAs is allowed.
· How to handle overlapping part between two UL transmissions associated with two TAs if not allowed.
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