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1. Introduction
In last RAN4 meeting, the RRM impacts of NR FR2 multi-Rx chain DL reception were further discussed, with agreement captured in [1]. In this paper, we further provide our views on the maintenance issues.
2. Discussion
The agreements and remaining issues about core requirements are summarized as follows:
	1 Agreements for core maintenance
· For fast beam sweeping, the UE is in multi-Rx operation if following condition is met:
· UE is configured with group-based beam reporting (GBBR) report.

· For scheduling restriction, remove “UE is multi-Rx operation” from the spec.

· For measurement restriction: 
· Way forward: Companies may bring further analysis, on whether to remove or not the following condition of measurement restriction relaxation for CSI-RS based L1 measurements
· [The two CSI-RS resources and both PDSCHs are overlapped on the same OFDM symbol].



One of the remaining issues is whether to remove the conditions that [The two CSI-RS resources and both PDSCHs are overlapped on the same OFDM symbol]. There was heated discussion during last meeting regarding how to determine the UE Rx beam. In [2], an important issue was raised which is about the Rx beam before TimeDurationForQCL. Based on further investigation, we also recognized that the procedure was over simplified in previous discussion. In the following part in this contribution, we would like to elaborate the issue in details. 
sTRP
First, we would like to take R17 RAN1 Spec 38.214 as the reference since the combination of uTCI and mTRP introduced in R18 is not considered in this WI. To have some insight about the how picture, it is important to figure out how the RX beam is determined for sTRP.
	38.214 clause 5.1.5
Independent of the configuration of tci-PresentInDCI and tci-PresentDCI-1-2 in RRC connected mode, if the UE is not provided dl-OrJointTCI-StateList-r17, and if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI state for the serving cell of scheduled PDSCH contains qcl-Type set to 'typeD', 
-	the UE may assume that the DM-RS ports of PDSCH(s) of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of 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 by the UE. In this case, if the qcl-Type is set to 'typeD' of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers). 



For the case maintenance in [2] as illustrated in following figure,
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Fig.1 Rx beam for sTRP
Based on the requirements in RAN1 spec, for legacy sTRP scenario, the RX for PDSCH for different time period (offset vs timeDurationForQCL) are different, which can be summarized in following cases:
· When tci-PresentInDCI is disabled:
· Offset less than timeDurationForQCL (T1 in the Figure)
· QCLed with the CORESET with lowest controlResourceSetId
· Offset equal or larger than timeDurationForQCL (T2 in the Figure)
· QCLed with the CORESET used for the PDCCH transmission
· When tci-PresentInDCI is enabled:
· Offset less than timeDurationForQCL (T1 in the Figure)
· QCLed with the CORESET with lowest controlResourceSetId
· Offset equal or larger than timeDurationForQCL (T2 in the Figure)
· QCLed with the RS in indicated TCI states 
Observation 1: For sTRP, regarding tci-PresentInDCI is present or not, the Rx beam for PDSCH are determined as follows:
· When tci-PresentInDCI is disabled:
· Offset less than timeDurationForQCL (T1 in the Figure)
· QCLed with the CORESET with lowest controlResourceSetId
· Offset equal or larger than timeDurationForQCL (T2 in the Figure)
· QCLed with the CORESET used for the PDCCH transmission
· When tci-PresentInDCI is enabled:
· Offset less than timeDurationForQCL (T1 in the Figure)
· QCLed with the CORESET with lowest controlResourceSetId
· Offset equal or larger than timeDurationForQCL (T2 in the Figure)
· QCLed with the RS in indicated TCI states 

mTRP sDCI
Per RAN1 requirements, the RX beam for sDCI are shown as follows.
	Independent of the configuration of tci-PresentInDCI and tci-PresentDCI-1-2 in RRC connected mode, if the UE is not provided dl-OrJointTCI-StateList-r17, and if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI state for the serving cell of scheduled PDSCH contains qcl-Type set to 'typeD', 
…….
[bookmark: _Hlk55126218][bookmark: _Hlk54797144]-	If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, and the offset between the reception of the DL DCI and the first PDSCH transmission occasion is less than the threshold timeDurationForQCL, the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion. In this case, if the 'QCL-TypeD' in both of the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers)




For mTRP sDCI case, based on RAN1 description in the same clause, the Rx beam for PDSCH is illustrated as following Figure.
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Fig.2 Rx beam for mTRP sDCI
[bookmark: _Hlk165022715]For mTRP sDCI, if we consider the case for simultaneous reception, there is no case that tci-PresentInDCI is not present as the TCI states for PDSCH from different TRPs have to be indicated by TCI codepoints with two TCI states. For T1 when offset is less than timeDurationForQCL, when enableTwoDefaultTCI-States is configured, per RAN1 requirements, UE assumes that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. If enableTwoDefaultTCI-States is not configured, the case is similar as sTRP, which is shown in the right part in Fig.2.
Observation 2: For mTRP sDCI , regarding enableTwoDefaultTCI-States is configured or not, the Rx beam for PDSCH are determined as follows:
· When enableTwoDefaultTCI-States is configured:
· Offset less than timeDurationForQCL (T1 in the Figure)
· QCLed with the TCI states with lowest codepoints with two different TCI states
· Offset equal or larger than timeDurationForQCL (T2 in the Figure)
· QCLed with the RS in indicated TCI states 
· When enableTwoDefaultTCI-States is not configured:
· Offset less than timeDurationForQCL (T1 in the Figure)
· QCLed with the CORESET with lowest controlResourceSetId
· Offset equal or larger than timeDurationForQCL (T2 in the Figure)
· QCLed with the RS in indicated TCI states 


mTRP mDCI

For mTRP mDCI, similar as mTRP sDCI, the corresponding description can be found in the same clause as follows：
	Independent of the configuration of tci-PresentInDCI and tci-PresentDCI-1-2 in RRC connected mode, if the UE is not provided dl-OrJointTCI-StateList-r17, and if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI state for the serving cell of scheduled PDSCH contains qcl-Type set to 'typeD', 
-	the UE may assume that the DM-RS ports of PDSCH(s) of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of 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 by the UE. In this case, if the qcl-Type is set to 'typeD' of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers). 
-	If a UE is configured with enableDefaultTCI-StatePerCoresetPoolIndex and the UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in different ControlResourceSets, 
-	the UE may assume that the DM-RS ports of PDSCH associated with a value of coresetPoolIndex of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId among CORESETs, which are configured with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH, in the latest slot in which one or more CORESETs associated with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH within the active BWP of the serving cell are monitored by the UE. In this case, if the 'QCL-TypeD' of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol and they are associated with same value of coresetPoolIndex, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers).



It could be observed that the situation is almost the same as sTRP as the scheduling for each TRP in mDCI can be considered as independent. The only difference is that when the time offset is less than, the default beam determined by the CORESET with lowest index with the same value of coresetPoolIndex. 
Observation 3: For mTRP, regarding tci-PresentInDCI is present or not, the Rx beam for PDSCH are determined as follows:
· When tci-PresentInDCI is disabled:
· Offset less than timeDurationForQCL (T1 in the Figure)
· QCLed with the CORESET with lowest controlResourceSetId with the same value of coresetPoolIndex
· Offset equal or larger than timeDurationForQCL (T2 in the Figure)
· QCLed with the CORESET used for the PDCCH transmission
· When tci-PresentInDCI is enabled:
· Offset less than timeDurationForQCL (T1 in the Figure)
· QCLed with the CORESET with lowest controlResourceSetId with the same value of coresetPoolIndex
· Offset equal or larger than timeDurationForQCL (T2 in the Figure)
· QCLed with the RS in indicated TCI states 

Based on the analysis above, the only controversial/complicated part the for the time duration for PDSCH when the offset is less than timeDurationForQCL. When the offset between DCI and PDSCH is equal or larger than timeDurationForQCL, we don't see the need to revisit following agreements:
· [The two CSI-RS resources and both PDSCHs are overlapped on the same OFDM symbol].
Observation 4: When the offset between DCI and PDSCH is equal or larger than timeDurationForQCL, following conditions can be kept.
· [The two CSI-RS resources and both PDSCHs are overlapped on the same OFDM symbol].
Then, for the case when the offset between DCI and PDSCH is less than the threshold of timeDurationForQCL, we have following cases for mDCI and sDCI:
sDCI:
· When enableTwoDefaultTCI-States is configured:
· QCLed with the TCI states with lowest codepoints with two different TCI states
· When enableTwoDefaultTCI-States is not configured:
· QCLed with the CORESET with lowest controlResourceSetId

mDCI:
· QCLed with the CORESET with lowest controlResourceSetId with the same value of coresetPoolIndex
For mDCI, as agreed in previous RAN4 meeting, RAN4 will not considered the newly introduced UE capability of simultaneous PDCCH reception with different QCL typeD. And based on the above RAN1 spec that QCL assumption is based on lowest controlResourceSetId with the same value of coresetPoolIndex per RAN1 Spec, we may face following problem as illustrated in following figure.
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Fig.3 Rx beam for mTRP mDCI
The first issue is that whether UE can perform simultaneous reception (PDSCH) in T1 (left part in Fig.3). In above example, the QCL assumption for T1 is (SSB0, SSB1) which is also same as the latest GBBR reporting. One may have the problem that since (SSB0, SSB1) is determined by CORESET for which no simultaneous reception is considered, whether UE can still perform simultaneous reception? Our understanding is yes. During this particular period (T1), UE is not required to monitor PDCCH simultaneously, instead, UE is just required to determine the beam for PDSCH reception by the default method.
Observation 5: For mDCI, when the offset between DCI and PDSCH is less than the threshold of timeDurationForQCL, if the default beam for PDSCH from two TRP as defined in RAN1 spec are QCL with reported GBBR, UE shall also be able to receive PDSCH simultaneously.
Similar as mDCI case, for sDCI when there are two default beams when offset between DCI and PDSCH is less than the threshold of timeDurationForQCL, it is more straightforward that UE shall able to perform simultaneous reception.
Observation 6: For sDCI, when the offset between DCI and PDSCH is less than the threshold of timeDurationForQCL, if the default beams are QCLed with two different TCI states as defined in RAN1 spec, which is QCL-ed with reported GBBR, UE shall also be able to receive PDSCH simultaneously.
Then, based on the analysis and observation 5 and observation 6, the Rx beam determination can be divided into following two cases (take mDCI as example):
[image: ]
Fig 4. CSI-RS before/after timeDurationForQCL
· Case:1 when the offset between DCI and PDSCH is equal or larger than the threshold of timeDurationForQCL:
For Case 1, there is no concerns as UE is already aware of PDSCH scheduling the what beam to use. The in this case, Per RAN4 discussion, UE shall use the simultaneous reception beam for PDSCH and UE shall able to able to perform simultaneous CSI-RS measurement.
· Case 2: when the offset between DCI and PDSCH is less than the threshold of timeDurationForQCL:
For Case 2, as analysed in for observation 5 and observation 6, though UE has no idea whether there is in PDSCH scheduling within T1 (offset smaller than timeDurationForQCL), UE shall follow the default beam as define RAN1 to buffer the data. Similar as case 1, if the default “beam pairs” can be used for simultaneous reception, UE shall also be able to perform simultaneous CSI-RS measurement.
Based on the analysis above, the only unclear part is about the definition of PDSCH. Based on the online discussion in last meeting, there was saying that “PDSCH” only refer to when there is actual data scheduled to this UE. Then, it leads to the ambiguities that during T1 (offset smaller than timeDurationForQCl), UE can not tell whether there is “Scheduled PDSCH”, thus companies proposed to remove the overlapping conditions. However, per RAN1 spec, no matter whether there is actual scheduled PDSCH or not during T1, it is all referred to PDSCH.
Observation 7: Regarding the PDSCH overlapping conditions, the PDSCH could be the actual scheduled PDSCH when the offset is equal or larger than timeDurationForQCL, or the PDSCH to be buffered using default beam when the offset is smaller than timeDurationForQCL regardless whether there is scheduled PDSCH or not.
Thus, based on the analysis above, we believe the conditions for measurement restriction relaxation could be kept with wording clarifications as follows (take L1-RSRP as example):
	-	Both the CSI-RS for L1-RSRP and the other CSI-RS are not in any CSI-RS resource set configured with repetition ON, and
-	Resources of the active TCI states or default QCL assumption as defined in TS38.214 for two PDSCHs have been reported as a resource group in Rel-17 group-based RSRP report, and
-	[The two CSI-RSs and both PDSCHs are overlapped on the same OFDM symbol, and]
-	The CSI-RS for L1-RSRP has same QCL source as the active TCI state/or default QCL assumption of one [PDSCH], and the other CSI-RS has same QCL source as the active TCI state / or default QCL assumption of the other [PDSCH]



Proposal 1: With the understanding of observation 7, the measurement restriction relaxation can be modified as follows:
	Both the CSI-RS for L1-RSRP and the other CSI-RS are not in any CSI-RS resource set configured with repetition ON, and
-	Resources of the active TCI states or default QCL assumption as defined in TS38.214 for two PDSCHs have been reported as a resource group in Rel-17 group-based RSRP report, and
-	[The two CSI-RSs and both PDSCHs are overlapped on the same OFDM symbol, and]
-	The CSI-RS for L1-RSRP has same QCL source as the active TCI state/or default QCL assumption of one [PDSCH], and the other CSI-RS has same QCL source as the active TCI state / or default QCL assumption of the other [PDSCH]
Besides, we would like to further clarify the reason why we need such restricted condition, which is also mentioned in the online discussion in last meeting. Companies commented that there is no need for beam training of CSI-RS based measurement, and UE can train the beam using SSB. However, the concern is not about “UE does not know the best beam for CSI-RS”, instead the concern is that “UE is not able to use the best beam/panel to measurement the CSI-RS”. Let's considering following example, Based on SSB-based L1-RSRP, UE determines that that the best beams for TRP1 and TRP2 are in the same panel corresponding to (SSB#1, SSB#2). However, to support simultaneous reception, UE also finds a sub-optimal beam for SSB#1 in another panel, thus UE also indicate the beam pair (SSB#1, SSB#2) to gNB. If there are CSI-RS from different TRPs QCLed with (SSB#1, SSB#2), if we force the UE to perform simultaneous reception to these two CSI-RS, it means UE may not be able to use the best beam/panel to measure CSI-RS. One may argue that it is also OK to measure the CSI-RS based on sub-optimal beam. However, gNB also can obtain the results by GBBR reporting, if gNB configure non-GBBR L1-RSRP measurement to UE, UE shall report the measurement using the best beam.
Observation 8: Even if the CSI-RS from different TRPs QCLed with group via GBBR, UE may not be able to use the best beam/panel to measure CSI-RS if UE is forced to perform simultaneous measurement.

3. Conclusions
Observation 1: For sTRP, regarding tci-PresentInDCI is present or not, the Rx beam for PDSCH are determined as follows:
· When tci-PresentInDCI is disabled:
· Offset less than timeDurationForQCL (T1 in the Figure)
· QCLed with the CORESET with lowest controlResourceSetId
· Offset equal or larger than timeDurationForQCL (T2 in the Figure)
· QCLed with the CORESET used for the PDCCH transmission
· When tci-PresentInDCI is enabled:
· Offset less than timeDurationForQCL (T1 in the Figure)
· QCLed with the CORESET with lowest controlResourceSetId
· Offset equal or larger than timeDurationForQCL (T2 in the Figure)
· QCLed with the RS in indicated TCI states 
Observation 2: For mTRP sDCI , regarding enableTwoDefaultTCI-States is configured or not, the Rx beam for PDSCH are determined as follows:
· When enableTwoDefaultTCI-States is configured:
· Offset less than timeDurationForQCL (T1 in the Figure)
· QCLed with the TCI states with lowest codepoints with two different TCI states
· Offset equal or larger than timeDurationForQCL (T2 in the Figure)
· QCLed with the RS in indicated TCI states 
· When enableTwoDefaultTCI-States is not configured:
· Offset less than timeDurationForQCL (T1 in the Figure)
· QCLed with the CORESET with lowest controlResourceSetId
· Offset equal or larger than timeDurationForQCL (T2 in the Figure)
· QCLed with the RS in indicated TCI states 
Observation 3: For mTRP, regarding tci-PresentInDCI is present or not, the Rx beam for PDSCH are determined as follows:
· When tci-PresentInDCI is disabled:
· Offset less than timeDurationForQCL (T1 in the Figure)
· QCLed with the CORESET with lowest controlResourceSetId with the same value of coresetPoolIndex
· Offset equal or larger than timeDurationForQCL (T2 in the Figure)
· QCLed with the CORESET used for the PDCCH transmission
· When tci-PresentInDCI is enabled:
· Offset less than timeDurationForQCL (T1 in the Figure)
· QCLed with the CORESET with lowest controlResourceSetId with the same value of coresetPoolIndex
· Offset equal or larger than timeDurationForQCL (T2 in the Figure)
· QCLed with the RS in indicated TCI states 
Observation 4: When the offset between DCI and PDSCH is equal or larger than timeDurationForQCL, following conditions can be kept.
· [The two CSI-RS resources and both PDSCHs are overlapped on the same OFDM symbol].
Observation 5: For mDCI, when the offset between DCI and PDSCH is less than the threshold of timeDurationForQCL, if the default beam for PDSCH from two TRP as defined in RAN1 spec are QCL with reported GBBR, UE shall also be able to receive PDSCH simultaneously.
Observation 6: For sDCI, when the offset between DCI and PDSCH is less than the threshold of timeDurationForQCL, if the default beams are QCLed with two different TCI states as defined in RAN1 spec, which is QCL-ed with reported GBBR, UE shall also be able to receive PDSCH simultaneously.
Observation 7: Regarding the PDSCH overlapping conditions, the PDSCH could be the actual scheduled PDSCH when the offset is equal or larger than timeDurationForQCL, or the PDSCH to be buffered using default beam when the offset is smaller than timeDurationForQCL regardless whether there is scheduled PDSCH or not.
Proposal 1: With the understanding of observation 7, the measurement restriction relaxation can be modified as follows:
	Both the CSI-RS for L1-RSRP and the other CSI-RS are not in any CSI-RS resource set configured with repetition ON, and
-	Resources of the active TCI states or default QCL assumption as defined in TS38.214 for two PDSCHs have been reported as a resource group in Rel-17 group-based RSRP report, and
-	[The two CSI-RSs and both PDSCHs are overlapped on the same OFDM symbol, and]
-	The CSI-RS for L1-RSRP has same QCL source as the active TCI state/or default QCL assumption of one [PDSCH], and the other CSI-RS has same QCL source as the active TCI state / or default QCL assumption of the other [PDSCH]
Observation 8: Even if the CSI-RS from different TRPs QCLed with group via GBBR, UE may not be able to use the best beam/panel to measure CSI-RS if UE is forced to perform simultaneous measurement.
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