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Introduction
This contribution provides some TPs for multiple TRPs/panels based transmission.
Discussion
Text proposals for single DCI based M-TRP transmission
[bookmark: _GoBack]TCI states for DMRS ports associated with a PDSCH
In Release 15 of 38.211, all the DMRS ports associated with a PDSCH are QCLed. However, it can’t be applied to single DCI based M-TRP transmission, in which case two TCI sates can be indicated for different DMRS ports of a PDSCH. Hence, the current description in 38.211 should not be applied for this case. For backward compatibility to Rel-15, it is preferred to add a condition rather than simply deleting this sentence. 
Proposed TP for 38.211:
	[bookmark: _Toc19796503][bookmark: _Toc26459729][bookmark: _Toc29230379][bookmark: _Toc36026638]7.4.1.1.2	Mapping to physical resources
In absence of CSI-RS configuration, and unless otherwise configured, the UE may assume PDSCH DM-RS and SS/PBCH block to be quasi co-located with respect to Doppler shift, Doppler spread, average delay, delay spread, and, when applicable, spatial Rx parameters. The UE may assume that the PDSCH DM-RS within the same CDM group are quasi co-located with respect to Doppler shift, Doppler spread, average delay, delay spread, and spatial Rx. Except for a PDSCH associated with two TCI states, the The UE may assume that DMRS ports associated with a PDSCH are QCL with QCL Type A, Type D (when applicable) and average gain.
The UE may assume that no DM-RS collides with the SS/PBCH block.


Text proposals for multiple DCIs based M-TRP transmission
Scheduling restriction for multi-DCI based transmission
Both single DCI based and multi-DCI based M-TRP transmissions are supported in Rel-16. However, these two transmission mechanisms are discussed separately. Currently we only agree that a UE can be scheduled with single DCI or multiple DCI based M-TRP transmission. The mixing of the two modes, e.g. multiple PDCCHs from different CORESET groups, each scheduling PDSCHs from two TRPs via two TCI states, has never been discussed in Rel-16 and should be excluded in specification. The current description in section 5.1 of 38.214 allows this type of configuration and needs to be further clarified. 
Furthermore, according to the following agreements in RAN2 #109 e-meeting, it unclear to RAN2 whether simultaneous configuration of single-DCI based and multi-DCI based M-TRP is supported or not. RAN2 is waiting for RAN1’s decision on this issue to continue their signaling design. It is preferred to have a conclusion in this meeting as guidance for RAN2’s work. 
Agreements online:
1. eLCID values are assigned only for UL MAC CEs with four-octet variants for Rel-16 eMIMO (MAC CEs for Rel-15 are not changed)
2. Consider to re-design PUSCH Pathloss Reference RS Activation/Deactivation MAC CE. Discuss further implication offline, including whether we need to consult with RAN1
3. Re-design the SP SRS Activation/Deactivation MAC CE to support 192 NZP CSI-RS resource(s). FFS whether this new MAC CE includes Aperiodic SRS case or not.
4. From RAN2 point of view it's unclear whether simultaneous configuration of single-DCI based and multi-DCI based M-TRP is supported. We wait for RAN1 decision before working on this.

Proposed conclusion: From RAN1 point of view, simultaneous configuration of single-DCI based and multi-DCI based M-TRP is not supported. 
Some clarification on 38.214 is also needed to reflect this conclusion. For example, when multiple PDCCHs are scheduled, only one TCI state can be indicated in each of the DCIs. The details can be found in [5].
Proposed TP for 38.214:
	[bookmark: _Toc11352080][bookmark: _Toc20317970]5.1	UE procedure for receiving the physical downlink shared channel
If a UE is configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet, the UE may expect to receive multiple PDCCHs scheduling fully/partially/non-overlapped PDSCHs in time and frequency domain, and at most one TCI state can be indicated by the DCI field ‘Transmission Configuration Indication’ in each of the PDCCHs. The UE may expect the reception of full/partially-overlapped PDSCHs in time only when PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of CORESETPoolIndex. For a ControlResourceSet without CORESETPoolIndex, the UE may assume that the ControlResourceSet is assigned with CORESETPoolIndex as 0. When the UE is scheduled with full/partially/non-overlapped PDSCHs in time and frequency domain, the full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH, the UE is expected to be scheduled with the same active BWP and the same SCS. When the UE is scheduled with full/partially-overlapped PDSCHs in time and frequency domain, the UE can be scheduled with at most two codewords simultaneously. When PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of CORESETPoolIndex, the following operations are allowed: 
(omitted part)


Configuration of the same BWP and SCS
In section 5.1 of 38.214 [3], multi-DCI based M-TRP transmission is introduced via multiple PDCCHs scheduling fully/partially/non-overlapped PDSCHs in time and frequency domain. According to the description, when the UE is scheduled with full/partially/non-overlapped PDSCHs in time and frequency domain, the UE is expected to be scheduled with the same active BWP and the same SCS. However, it means that BWP switching is not allowed even when the PDSCHs are non-overlapped in time domain, no matter whether the scheduling PDCCHs are time overlapped or not. In fact, if the BWP has already been switched via 3rd PDCCH between the two PDSCHs, different BWPs for the two PDSCHs should also be allowed. To relax the restriction and ensure the same BWP for two TRPs, it is proposed to only allow BWP switching via DCI from one TRP and DCI from the other TRP should always indicate the same BWP. We have the following TP and the details can be found in [5].
Proposed TP for 38.214:
	5.1               UE procedure for receiving the physical downlink shared channel
If a UE is configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet, the UE may expect to receive multiple PDCCHs scheduling fully/partially/non-overlapped PDSCHs in time and frequency domain. The UE may expect the reception of full/partially-overlapped PDSCHs in time only when PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of CORESETPoolIndex. For a ControlResourceSet without CORESETPoolIndex, the UE may assume that the ControlResourceSet is assigned with CORESETPoolIndex as 0. When the UE is scheduled with full/partially/non-overlapped PDSCHs in time and frequency domain, the full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH, the UE is expected to be scheduled with the same active BWP and the same SCS. For a PDCCH associated to ControlResourceSet having value of CORESETpoolIndex equal to 1, the UE doesn’t expect the bandwidth part indicator field in a DCI of the PDCCH indicates a different BWP from the active BWP. When the UE is scheduled with full/partially-overlapped PDSCHs in time and frequency domain, the UE can be scheduled with at most two codewords simultaneously. When PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of CORESETPoolIndex, the following operations are allowed: 
(omitted part)


Overlapping between HARQ-ACK/PUSCH and CSI/SR
According to current 38.213 [2], if separate HARQ-ACK feedback is configured, PUCCH/PUSCH scheduled by PDCCH associated with a CORESETPoolIndex should not overlap with PUCCH/PUSCH scheduled by PDCCH associated with the other CORESETPoolIndex. For other uplink signal which is not associated with a CORESETPoolIndex, gNB should ensure that uplink signals for different TRPs are TDMed. If two uplink signals overlap in time, UE would multiplex them together based on Rel-15 mechanism. Furthermore, if a CSI is simultaneously overlapped with two PUCCHs within a slot with HARQ-ACK respectively for eMBB and URLLC, the CSI will be multiplexed with the HARQ-ACK with the same priority index firstly, and between the multiplexed information and the other HARQ-ACK, the one with lower priority index will be dropped. Also, if a UE would multiplex UCI in one of multiple PUSCHs, a priority is specified in 38.213 to determine which PUSCH is used to carry the UCI.
However, for M-TRP, if a PUCCH with P/SP CSI is simultaneously overlapped with two PUCCHs within a slot with separate HARQ-ACK respectively for two TRPs (which are associated with different values of CORESETPoolIndex), as shown in Figure 1, the UE behavior on how to multiplex the CSI with the two HARQ-ACKs is not defined, since no Rel-15 behavior can be followed, and not priority index is defined for PUCCH associated with different CORESETPoolIndex. This issue also occurs for other UL signal which is not scheduled by DCI (e.g. PUCCH with SR or type 1 configured grant PUSCH). Similar issue should also be solved for the case that a PUCCH with P/SP CSI/SR is simultaneously overlapped with two PUSCHs associated with different CORESETPoolIndex. A solution is needed otherwise the UE behavior is undefined at all.


Figure 1: Overlapping between two HARQ-ACKs/PUSCHs and CSI
In our contribution [4], following three options are provided for this issue, and option 2 or option 3 is preferred to avoid additional RRC signaling. 
· Option 1: Define an association relationship between CORESETPoolindex and UL signal which is not scheduled by DCI. A UL signal will only be multiplexed with HARQ-ACK/PUSCH associated with the same CORESETPoolindex.
· Option 2: UE doesn’t expect two PUCCHs with separate HARQ-ACK or two PUSCHs within a slot associated with different values of CORESETPoolIndex to be simultaneously overlapped with another UL signal. 
· Option 3: A UL signal is always multiplexed with the PUCCH/PUSCH associated with CORESETPoolIndex=0 if the UL signal is simultaneously overlapped two PUCCHs/PUSCHs associated with different values of CORESETPoolIndex.
· Option 4: Make a conclusion that if two PUCCHs with separate HARQ-ACK or two PUSCHs within a slot associated with different values of CORESETPoolIndex are simultaneously overlapped with another UL signal, it is up to UE implementation how to handle it. 
We provide a TP for option 2 below.
Proposed TP for 38.213:
	[bookmark: _Toc12021480][bookmark: _Toc20311592][bookmark: _Toc26719417][bookmark: _Toc29894852][bookmark: _Toc29899151][bookmark: _Toc29899569]9.2.5	UE procedure for reporting multiple UCI types
A UE that
-	is not provided CORESETPoolIndex or is provided CORESETPoolIndex with a value of 0 for first CORESETs on active DL BWPs of serving cells, and
-	is provided CORESETPoolIndex with a value of 1 for second CORESETs on active DL BWPs of the serving cells, and
-	is provided ACKNACKFeedbackMode = SeparateFeedback
does not expect a PUCCH or a PUSCH transmission triggered by a detection of a DCI format in a PDCCH received in a CORESET from the first CORESETs to overlap with a PUCCH or a PUSCH transmission triggered by a detection of a DCI format in a PDCCH received in a CORESET from the second CORESETs, and does not expect a PUCCH or a PUSCH transmission triggered by a detection of a DCI format in a PDCCH received in a CORESET from the first CORESETs and a PUCCH or a PUSCH transmission triggered by a detection of a DCI format in a PDCCH received in a CORESET from the second CORESETs within the same slot to simultaneously overlap with another uplink signal. If there is one or more aperiodic CSI reports multiplexed on PUSCHs in the group of overlapping PUCCHs and PUSCHs and if symbol [image: ] is before symbol [image: ] that is a next uplink symbol with CP starting after [image: ] after the end of the last symbol of 
-	the last symbol of aperiodic CSI-RS resource for channel measurements, and 
-	the last symbol of aperiodic CSI-IM used for interference measurements, and 
-	the last symbol of aperiodic NZP CSI-RS for interference measurements, when aperiodic CSI-RS is used for channel measurement for triggered CSI report [image: ] 


Default power control parameter for PUSCH/PUCCH associated with different TRPs
In Rel-15, if SRI-PUSCH-PowerControl is not provided to a UE or SRI is not included in a DCI, a default pathloss RS, the pathloss RS with PUSCH-PathlossReferenceRS-Id=0 configured by RRC, will be used for pathloss measurement of PUSCH. In Rel-16, if multiple values of CORESETPoolIndex of are configured for multiple TRPs, a PUSCH can be associated with one of the values via the CORESET with the scheduling PDCCH and targets corresponding TRP. However, in current spec, only one pathloss RS can be configured by RRC for PUSCHs associated with different values of CORESETPoolIndex if SRI is not indicated. It means PUSCHs targeting different TRPs will share the same pathloss RS, which would lead to inaccurate pathloss estimation for PUSCH. Similar issue should also be considered for PUCCH associated with different CORESETPoolIndex when PUCCH-SpatialRelationInfo is not configured. Considering that a PUSCH without indication of SRI-PUSCH-PowerControl or SRI and a PUCCH without PUCCH-SpatialRelationInfo are common cases in FR1, we propose to support TRP specific pathloss RS for PUSCH and PUCCH. 
Proposed TP for 38.213:
	[bookmark: _Ref500774487][bookmark: _Toc12021446][bookmark: _Toc20311558][bookmark: _Toc26719383][bookmark: _Toc29894814][bookmark: _Toc29899113][bookmark: _Toc29899531][bookmark: _Toc29917268][bookmark: _Toc36498142][bookmark: _Ref497117847]7.1.1	UE behaviour
(omitted part)
-	If the PUSCH transmission is scheduled by a DCI format 0_0, and if the UE is provided a spatial setting by PUCCH-SpatialRelationInfo for a PUCCH resource with a lowest index for active UL BWP [image: ] of each carrier [image: ] and serving cell [image: ], as described in Clause 9.2.2, the UE uses the same RS resource index [image: ] as for a PUCCH transmission in the PUCCH resource with the lowest index
-	If 
-	the PUSCH transmission is scheduled by a DCI format 0_0 and the UE is not provided a spatial setting for a PUCCH transmission, or 
-	the PUSCH transmission is scheduled by a DCI format 0_1 that does not include a SRI field, or 
-	SRI-PUSCH-PowerControl is not provided to the UE, 
	the UE determines a RS resource index [image: ] with a respective PUSCH-PathlossReferenceRS-Id value being equal to zeroone if the PUSCH is scheduled by a PDCCH received in a CORESET which is configured with CORESETPoolIndex equal to 1, and PUSCH-PathlossReferenceRS-Id value being equal to zero otherwise, where the RS resource is either on serving cell [image: ] or, if provided, on a serving cell indicated by a value of pathlossReferenceLinking
-	If 
-	the PUSCH transmission is scheduled by a DCI format 0_0, 
-	the UE is not provided PUCCH resources for the active UL BWP, and
-	the UE is provided enableDefaultBeamPlForPUSCH0_0 

	the UE determines a RS resource index  providing a periodic RS resource with 'QCL-TypeD' in the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL BWP of the scheduling cell for the serving cell
-	If 
-	the PUSCH transmission is scheduled by a DCI format 0_0, 
-	the UE is not provided a spatial setting for PUCCH resources on the active UL BWP of the primary cell [11, TS 38.321], and
-	the UE is provided enableDefaultBeamPlForPUSCH0_0 

	the UE determines a RS resource index  providing a periodic RS resource with 'QCL-TypeD' in the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL BWP of the primary cell
-	For a PUSCH transmission configured by ConfiguredGrantConfig, if rrc-ConfiguredUplinkGrant is included in ConfiguredGrantConfig, a RS resource index [image: ] is provided by a value of pathlossReferenceIndex included in rrc-ConfiguredUplinkGrant where the RS resource is either on serving cell [image: ] or, if provided, on a serving cell indicated by a value of pathlossReferenceLinking
-	For a PUSCH transmission configured by ConfiguredGrantConfig that does not include rrc-ConfiguredUplinkGrant, the UE determines a RS resource index [image: ] from a value of PUSCH-PathlossReferenceRS-Id that is mapped to a SRI field value in a DCI format activating the PUSCH transmission. If the DCI format activating the PUSCH transmission does not include a SRI field, the UE determines a RS resource index [image: ] with a respective PUSCH-PathlossReferenceRS-Id value being equal to zero one if the PUSCH is scheduled by a PDCCH received in a CORESET which is configured with CORESETPoolIndex equal to 1, and PUSCH-PathlossReferenceRS-Id value being equal to zero otherwise, where the RS resource is either on serving cell [image: ] or, if provided, on a serving cell indicated by a value of pathlossReferenceLinking
If the UE is provided enablePLRSupdateForPUSCHSRS, a mapping between sri-PUSCH-PowerControlId and PUSCH-PathlossReferenceRS-Id values can be updated by a MAC CE as described in [11, TS38.321]

-	For a PUSCH transmission scheduled by a DCI format that does not include a SRI field, or for a PUSCH transmission configured by ConfiguredGrantConfig and activated, as described in Clause 10.2, by a DCI format that does not include a SRI field, a RS resource index  is determined from the PUSCH-PathlossReferenceRS-Id mapped to sri-PUSCH-PowerControlId = 0
(omitted part)
[bookmark: _Toc12021448][bookmark: _Toc20311560][bookmark: _Toc26719385][bookmark: _Toc29894816][bookmark: _Toc29899115][bookmark: _Toc29899533][bookmark: _Toc29917270][bookmark: _Toc36498144]7.2.1	UE behaviour
 (omitted part)
-	If PUCCH-SpatialRelationInfo includes servingCellId indicating a serving cell, the UE receives the RS for resource index [image: ] on the active DL BWP of the serving cell
-	If the UE is provided pathlossReferenceRSs and is not provided PUCCH-SpatialRelationInfo, the UE obtains the referenceSignal value in PUCCH-PathlossReferenceRS from the pucch-PathlossReferenceRS-Id with index 0 1 in PUCCH-PathlossReferenceRS if the PUCCH is scheduled by a PDCCH received in a CORESET which is configured with CORESETPoolIndex equal to 1, and the UE obtains the referenceSignal value in PUCCH-PathlossReferenceRS from the pucch-PathlossReferenceRS-Id with index 0 in PUCCH-PathlossReferenceRS otherwise, where the RS resource is either on a same serving cell or, if provided, on a serving cell indicated by a value of pathlossReferenceLinking
-	If the UE
-	is not provided pathlossReferenceRSs, and
-	is not provided PUCCH-SpatialRelationInfo, and
-	is provided enableDefaultBeamPlForPUCCH 

	the UE determines a RS resource index  providing a periodic RS resource with 'QCL-TypeD' in the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL BWP of the primary cell



Similar to the pathloss RS, it is expected that separate close loop indexes are applied to PUSCH/PUCCH targeting different TRPs. Common default close loop index for all PUSCH/PUCCH can’t achieve TRP-specific power control for PUSCH/PUCCH.
Proposed TP for 38.213:
	7.1.1	UE behaviour
(omitted part)
-	[image: ] if the UE is configured with twoPUSCH-PC-AdjustmentStates and [image: ] if the UE is not configured with twoPUSCH-PC-AdjustmentStates or if the PUSCH transmission is scheduled by a RAR UL grant as described in Clause 8.3
-	For a PUSCH (re)transmission configured by ConfiguredGrantConfig, the value of [image: ] is provided to the UE by powerControlLoopToUse
-	If the UE is provided SRI-PUSCH-PowerControl, the UE obtains a mapping between a set of values for the SRI field in a DCI format scheduling the PUSCH transmission and the [image: ] value(s) provided by sri-PUSCH-ClosedLoopIndex and determines the [image: ] value that is mapped to the SRI field value
-	If the PUSCH transmission is scheduled by a DCI format that does not include an SRI field, or if an SRI-PUSCH-PowerControl is not provided to the UE, l=1 if the PUSCH is scheduled by a PDCCH received in a CORESET which is configured with CORESETPoolIndex equal to 1 [image: ] otherwise.
-	If the UE obtains one TPC command from a DCI format 2_2 with CRC scrambled by a TPC-PUSCH-RNTI, the [image: ] value is provided by the closed loop indicator field in DCI format 2_2
(omitted part)
7.2.1	UE behaviour
(omitted part)
-	[image: ] is a TPC command value and is included in a DCI format 1_0 or DCI format 1_1 for active UL BWP [image: ] of carrier [image: ] of the primary cell [image: ] that the UE detects for PUCCH transmission occasion [image: ] or is jointly coded with other TPC commands in a DCI format 2_2 with CRC scrambled by TPC-PUCCH-RNTI [5, TS 36.212], as described in Clause 11.3
-	[image: ] if the UE is provided twoPUCCH-PC-AdjustmentStates and PUCCH-SpatialRelationInfo and [image: ] if the UE is not provided twoPUCCH-PC-AdjustmentStates or 
-   If the UE is not provided PUCCH-SpatialRelationInfo, l=1 if the PUCCH is scheduled by a PDCCH received in a CORESET which is configured with CORESETPoolIndex equal to 1, l=0 otherwise.
-	If the UE obtains a TPC command value from a DCI format 1_0 or a DCI format 1_1 and if the UE is provided PUCCH-SpatialRelationInfo, the UE obtains a mapping, by an index provided by p0-PUCCH-Id, between a set of pucch-SpatialRelationInfoId values and a set of values for closedLoopIndex that provide the [image: ] value(s). If the UE receives an activation command indicating a value of pucch-SpatialRelationInfoId, the UE determines the value closedLoopIndex that provides the value of [image: ] through the link to a corresponding p0-PUCCH-Id index 
-	If the UE obtains one TPC command from a DCI format 2_2 with CRC scrambled by a TPC-PUCCH-RNTI, the [image: ] value is provided by the closed loop indicator field in DCI format 2_2


Default QCL assumption for AP CSI-RS
For AP CSI-RS, if the scheduling offset between the triggering DCI and aperiodic CSI-RS is smaller than the threshold beamSwitchTiming, a default QCL assumption is defined for aperiodic CSI-RS similar to PDSCH. During RAN1 #100bis e-meeting, two email threads were assigned for this issue respectively for case of single-DCI and multiple-DCI based M-TRP transmission. Both cases of with or without other DL signal in the same symbol as AP CSI-RS were discussed without conclusion. For case without other DL signal in the same symbol, for simplification of UE processing, it is reasonable to reuse the default TCI states agreed for single DCI or multiple DCI based PDSCH transmission. For case with other DL signal in the same symbol, the situation is more complicated, especially when the DL signal is PDSCH. The DL signal can be multiple PDSCHs associated with different values of CORESETPoolIndex, single PDSCH with single TCI state associated with the same or different CORESETPoolIndex as the CSI-RS, or single PDSCH with two TCI states. For case the DL signal is scheduled with the same single TCI state, it is natural for AP CSI-RS to follow the TCI state. For case the PDSCH(s) is scheduled with multiple TCI states, which TCI state to follow is an issue. This issue was discussed in the past e-meeting, and companies were difficult to reach an agreement. If one of the TCI states is adopted, it means that PDSCH and the CSI-RS in the same symbol can come from different TRPs. In fact, this is a totally new scenario which has never been discussed in RAN1. We should carefully consider whether to introduce this feature in last meeting of Rel-16:
· AP CSI-RS can be (and is likely to be) wideband and would not be rate-matched by PDSCH, which would impact the detection complexity/performance of PDSCH. Especially when the backhaul is non-ideal, collision would be difficult to avoid.
· For single DCI based M-TRP transmission, PDSCH from different TRPs is always fully overlapped. However, if we introduce PDSCH and AP CSI-RS from different TRPs in the same symbol, the resource can be partially overlapped. The impact to UE complexity is different. 
· For multiple-DCI based M-TRP transmission, fully/partially/non-overlapped PDSCHs have separate UE capabilities. However, we don’t have any UE capability for fully/partially/non-overlapped PDSCH and AP CSI-RS from different TRPs.
Hence, it may be too late to introduce a new feature in this stage. For case that there is other DL signal in the same symbol of AP CSI-RS, the following three options can be considered: 
· Option 1: No modification to the specification. According to previous conclusion below, if gNB schedules UE to receive DL signals with more TCI states than its capability, it is up to UE implementation how to receive the DL signals. Then if the default TCI state of AP CSI-RS is different from those of PDSCH, and UE can’t receive them simultaneously, it is up to UE implementation to handle it, e.g. UE can only detect the PDSCH. To ensure all the scheduled DL signals can be detected, gNB should avoid this situation by scheduling. 
Conclusion
If the indicated TCI states for multi-TRP operation cannot be received by a UE simultaneously, it is up to UE implementation how to handle this case
· Option 2: Reuse Rel-15 description with the restriction that UE doesn’t expect to receive the CSI-RS if the UE is scheduled with other DL signal(s) associated with multiple TCI states in the symbol. If only single TCI state is configured for other DL signal, the AP CSI-RS can follow the TCI state similar to Rel-15. This only restricts the case of PDSCH and CSI-RS from different TRPs in the same symbol. Accordingly, for single DCI based M-TRP transmission, if UE is scheduled with a PDSCH with two TCI states, UE doesn’t expect gNB to schedule AP CSI-RS with offset smaller than threshold in the same symbol. For multiple DCI based M-TRP transmission, if UE is scheduled with PDSCHs associated with different values of CORESETPoolIndex, UE doesn’t expect gNB to schedule AP CSI-RS with offset smaller than threshold in the same symbol.
· Option 3: UE is not expected to receive AP CSI-RS with scheduling offset smaller than threshold if two values of CORESETPoolIndex are configured or if there is any TCI code point indicating two TCI states. For M-TRP, if AP CSI-RS with small offset can only come from one of the TRPs, the gNB should still wait for CSI for the other TRP, which is triggered with offset larger than threshold, to schedule M-TRP transmission. Then it is useless to support AP CSI-RS with offset smaller than the threshold. 
Among the three options, option 2 imposes least scheduling restriction to gNB, and the UE behavior is clearer than option 1. We provide a TP for option 2 below (option 1 and option 3 are also acceptable). 
Proposed TP for 38.214:
	[bookmark: _Toc11352117][bookmark: _Toc20318007][bookmark: _Toc27299905][bookmark: _Toc29673173][bookmark: _Toc29673314][bookmark: _Toc29674307][bookmark: _Toc36645537]5.2.1.5.1	Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the CSI-RS have the same numerology
 (omitted part)
-	If the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info is smaller than the UE reported threshold beamSwitchTiming, as defined in [13, TS 38.306], when the reported value is one of the values of {14, 28, 48}, or is smaller than 48 when the reported value of beamSwitchTiming is one of the values of {224, 336}.
-	if there is any other DL signal with an indicated TCI state in the same symbols as the CSI-RS, the UE applies the QCL assumption of the other DL signal also when receiving the aperiodic CSI-RS. The other DL signal refers to PDSCH scheduled with offset larger than or equal to the threshold timeDurationForQCL, as defined in [13, TS 38.306], aperiodic CSI-RS scheduled with offset larger than or equal to the UE reported threshold beamSwitchTiming when the reported value is one of the values {14,28,48}, aperiodic CSI-RS scheduled with offset larger than or equal to 48 when the reported value of beamSwitchTiming is one of the values {224, 336}, periodic CSI-RS, semi-persistent CSI-RS;
-	UE doesn’t expect to receive the CSI-RS if the UE is scheduled with other DL signal(s) associated with multiple TCI states in the symbol.
-	else, when receiving the aperiodic CSI-RS, the UE applies the QCL assumption used for the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored.
(omitted part)
[bookmark: _Toc29673174][bookmark: _Toc29673315][bookmark: _Toc29674308][bookmark: _Toc36645538]5.2.1.5.1a	Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the CSI-RS have different numerologies
(omitted part)
-	if one of the associated trigger states has the higher layer parameter qcl-Type set to 'QCL-TypeD',
-	if there is any other DL signal with an indicated TCI state in the same symbols as the CSI-RS, the UE applies the QCL assumption of the other DL signal also when receiving the aperiodic CSI-RS. The other DL signal refers to PDSCH scheduled with offset larger than or equal to the threshold timeDurationForQCL, as defined in [13, TS 38.306], aperiodic CSI-RS scheduled with offset larger than or equal to the UE reported threshold beamSwitchTiming + d [image: cid:image001.png@01D5F20E.7DB8E1B0] in CSI-RS symbols when the reported value is one of the values {14,28,48}, aperiodic CSI-RS scheduled with offset larger than or equal to 48+ d when the reported value of beamSwitchTiming is one of the values {224, 336}, periodic CSI-RS, semi-persistent CSI-RS;
-	UE doesn’t expect to receive the CSI-RS if the UE is scheduled with other DL signal(s) associated with multiple TCI states in the symbol.
-	else,
-	if at least one CORESET is configured for the BWP in which the aperiodic CSI-RS is to be received, when receiving the aperiodic CSI-RS, the UE applies the QCL assumption used for the CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored.
-	else, when receiving the aperiodic CSI-RS, the UE applies the QCL assumption of the lowest-ID activated TCI state applicable to the PDSCH within the active BWP of the cell in which the CSI-RS is to be received. 


Text proposals for M-TRP based URLLC enhancement
Clarification on Rel-15 parameter pdsch-AggregationFactor and Rel-16 parameter RepNumR16
For description of scheme 4 in 38.214 [3], the following two aspects should be considered for clear UE behavior:
· It is common understanding that the slots used for scheme 4 should be consecutive. However, it is not captured in specification now.
· In section 5.1.2.1, Rel-15 slot aggregation based on pdsch-AggregationFactor and corresponding UE behavior is also described to support RRC based repetition. When pdsch-AggregationFactor and scheme 4 are both configured, the UE should only perform transmission of scheme 4 based on RepNumR16 in PDSCH-TimeDomainResourceAllocation, and pdsch-AggregationFactor should be ignored. This UE behavior it not clearly defined in section 5.1.2.1.
It is proposed to apply similar wording in 38.213 to 38.214 to avoid ambiguous UE behavior.
[bookmark: _Toc11352084][bookmark: _Toc20317974]Proposed TP for 38.214:
5.1.2.1	Resource allocation in time domain
When receiving PDSCH scheduled by DCI format 1_1 or 1_2 in PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCH scheduled without corresponding PDCCH transmission using sps-Config and activated by DCI format 1_1 or 1_2, if the UE is configured with pdsch-AggregationFactor and no entry in pdsch-TimeDomainAllocationList includes RepNumR16 in PDSCH-TimeDomainResourceAllocation, the same symbol allocation is applied across the pdsch-AggregationFactor consecutive slots. The UE may expect that the TB is repeated within each symbol allocation among each of the pdsch-AggregationFactor consecutive slots and the PDSCH is limited to a single transmission layer. The redundancy version to be applied on the nth transmission occasion of the TB, where n = 0, 1, …pdsch-AggregationFactor -1, is determined according to table 5.1.2.1-2 and "rvid indicated by the DCI scheduling the PDSCH" in table 5.1.2.1-2 is assumed to be 0 for PDSCH scheduled without corresponding PDCCH transmission using sps-Config and activated by DCI format 1_1 or 1_2. 
(Omitted part)
[bookmark: _Hlk26036768]When a UE is configured by the higher layer parameter PDSCH-config that indicates at least one entry in pdsch-TimeDomainAllocationList contain RepNumR16 in PDSCH-TimeDomainResourceAllocation, 
-	If two TCI states are indicated by the DCI field ‘Transmission Configuration Indication’ together with the DCI field “Time domain resource assignment’ indicating an entry in pdsch-TimeDomainAllocationList  which contain RepNumR16 in PDSCH-TimeDomainResourceAllocation and DM-RS port(s) within one CDM group in the DCI field “Antenna Port(s)” , the UE may expect to receive N PDSCH transmission in consecutive slots where N is given by RepNumR16 in PDSCH-TimeDomainResourceAllocation.  Tthe same SLIV is applied for all PDSCH transmission occasions, the first TCI state is applied to the first PDSCH transmission occasion and resource allocation in time domain for the first PDSCH transmission occasion follows Subclause 5.1.2.1. 
When the value indicated by RepNumR16 in PDSCH-TimeDomainResourceAllocation equals to two, the second TCI state is applied to the second PDSCH transmission occasion. When the value indicated by RepNumR16 in PDSCH-TimeDomainResourceAllocation is larger than two, the UE may be further configured to enable CycMapping or SeqMapping in RepTCIMapping. 
-	When CycMapping is enabled, the first and second TCI states are applied to the first and second PDSCH transmission occasions, respectively, and the same TCI mapping pattern continues to the remaining PDSCH transmission occasions. 
-	When SeqMapping is enabled, first TCI state is applied to the first and second PDSCH transmissions, and the second TCI state is applied to the third and fourth PDSCH transmissions, and the same TCI mapping pattern continues to the remaining PDSCH transmission occasions. 
[bookmark: _Hlk23779989]The UE may expect that each PDSCH transmission occasion is limited to two transmission layers. For all PDSCH transmission occasions associated with the first TCI state, the redundancy version to be applied is derived according to Table 5.1.2.1-2, where  is counted only considering PDSCH transmission occasions associated with the first TCI state. The redundancy version for PDSCH transmission occasions associated with the second TCI state is derived according to Table 5.1.2.1-3, where additional shifting operation for each redundancy version is configured by higher layer parameter RVSeqOffset and  is counted only considering PDSCH transmission occasions associated with the second TCI state. 
Table 5.1.2.1-3: Applied redundancy version for the second TCI state when RVSeqOffset is present
	rvid indicated by the DCI scheduling the PDSCH
	rvid to be applied to nth transmission occasion with second TCI state

	
	n mod 4 = 0
	n mod 4 = 1
	n mod 4 = 2
	n mod 4 = 3

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



-	If one TCI state is indicated by the DCI field ‘Transmission Configuration Indication’ together with the DCI field “Time domain resource assignment’ indicating an entry in pdsch-TimeDomainAllocationList  which contain RepNumR16 in PDSCH-TimeDomainResourceAllocation and DM-RS port(s) within one CDM group in the DCI field “Antenna Port(s)”, the UE may expect to receive N PDSCH transmission occasions in consecutive slots where N is given by RepNumR16 in PDSCH-TimeDomainResourceAllocation. Tthe same SLIV is applied for all PDSCH transmission occasions, the first PDSCH transmission occasion follows Subclause 5.1.2.1, the same TCI state is applied to all PDSCH transmission occasions. The UE may expect that each PDSCH transmission occasion is limited to two transmission layers. For all PDSCH transmission occasions, the redundancy version to be applied is derived according to Table 5.1.2.1-2, where  is counted considering PDSCH transmission occasions. 
-	Otherwise, the UE is expected to receive a single PDSCH transmission occasion, and the resource allocation in the time domain follows Subclause 5.1.2.1. 

Conclusion
In this contribution, we provide some TPs for enhancement on single DCI based M-TRP transmission, multi-DCI based M-TRP transmission and URLLC related enhancement.
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