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1	Introduction
[bookmark: _GoBack]The issue of simultaneous transmission and reception of different channels and reference signals in FR2 has been discussed at several RAN1 meetings. The following have been concluded:
The discussion about simultaneous reception/transmission of several channels/signals originates from the fact that analog receivers will be common in first implementations of UEs and gNBs for FR2. For FR1, there is no such issue: with digital receivers, the UE can receive signals from many directions at the same time. The discussion in this contribution is related only to FR2. All the proposals in the contribution are relevant only to FR2.
This contribution discusses the final remaining issues regarding simultaneous reception in FR2.
[bookmark: _Ref178064866]2	Discussion
The discussion about simultaneous reception/transmission of several channels/signals originates from the fact that analog receivers will be common in first implementations of UEs and gNBs for FR2. For such implementations, the receiver will apply spatial filtering before the signal is demodulated. Hence, a second signal impinging from a direction outside the main lobe of the receive antenna receiving the first signal may be severely attenuated, which is sometimes described as “the UE cannot receive the two signals simultaneously”. This is an undesirable situation, which should be avoided, and a reasonable NW may in most cases not schedule combinations of signals or channels that the UE cannot receive, irrespective of what the standard says. This is a very important point to note: under normal circumstances, the NW would not schedule two signals that the UE cannot be expected to receive simultaneously. 
To determine its Rx beam, the UE relies on QCL indications type D of transmitted signals. If there is a QCL type D relationship between a source RS (RSA) and a target RS (RSB), the UE can receive RSB with the same Rx beam it used to receive RSA. Here, it is important to note that there is typically a many-to-one relation between the source RSs in the QCL type D indication and a given Rx beam, i.e., the same Rx beam is typically used for signals with different source RSs:
[bookmark: _Toc510816127][bookmark: _Toc513549320][bookmark: _Toc513626383][bookmark: _Toc520376252][bookmark: _Toc528920012]One Rx beam is often used for different Tx beams, i.e., for different QCL indications.
We also note that the QCL indications are a service to the UE. How the UE uses that is really up to the UE. In fact, the UE is not at all required to use the QCL indication. 
2.1	PDSCH+CSI-RS for tracking 
The argument regarding PDSCH is relevant also when considering CSI-RS for tracking: it may be useful to receive the PDSCH also in cases where the beam is not optimally adjusted. On the other hand, the UE will need to use the TRS from time to time to adjust its receiver: otherwise, PDSCH performance will suffer during subsequent transmissions. However, the UE may not need to utilize every occasion of a TRS transmission. But the NW does not really have any way to determine which should be prioritized.  Hence, we propose
[bookmark: _Toc510700622][bookmark: _Toc510702855][bookmark: _Toc510767713][bookmark: _Toc510773602][bookmark: _Toc510774222][bookmark: _Toc510782151][bookmark: _Toc510783460][bookmark: _Toc510783513][bookmark: _Toc510816000][bookmark: _Toc510816131][bookmark: _Toc513549325][bookmark: _Toc513626413][bookmark: _Toc521671247][bookmark: _Toc528920013]The UE may receive PDSCH at the same time as it receives a CSI-RS for tracking, and the Rx beam selection is up to the UE.
Since the behaviour is up to UE implementation, there is no specification impact.
2.2	PDCCH + PDSCH
PDCCH and PDSCH may occur in the same symbols, and the QCL Type D assumptions may differ. This situation is partly captured in subclause 10.1 of [1] for the case when the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold Threshold-Sched-Offset. The solution is that the UE prioritizes the reception of the PDCCH. The case where the offset between the reception of the DL DCI and the corresponding PDSCH is larger than the threshold Threshold-Sched-Offset is still not described in the specification. Here we propose to extend the agreement to that case:
[bookmark: _Toc528920014][bookmark: _Ref510696820][bookmark: _Toc510700624][bookmark: _Toc510702857][bookmark: _Toc510767715][bookmark: _Toc510773604][bookmark: _Toc510774224][bookmark: _Toc510782153][bookmark: _Toc510783462][bookmark: _Toc510783515][bookmark: _Toc510816002][bookmark: _Toc510816133][bookmark: _Toc513549327][bookmark: _Toc513626415][bookmark: _Toc521671248]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, 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). 
Hence, we propose to prioritize PDCCH over PDSCH. Note that the UE will apply the QCL assumption of the CORESET even if the PDCCH is not transmitted: as soon as there is a monitoring occasion, the UE would apply the corresponding QCL assumption.
Note that the UE would apply the QCL assumptions of the PDSCH in the part of the slot where the PDSCH and the PDCCH does not overlap. This will imply that the UE may use different Rx beams for different symbols in the PDSCH. This is unfortunate, but it is the only way to allow different beams for PDCCH and PDSCH: otherwise, the flexibility of using different beams for PDCCH and PDSCH is completely lost. 
Proposal 2 applies both to same and different CCs.
The proposal is captured in the accompanying draft CR.
2.3 PDCCH + PDCCH
The current version of clause 10.1 in 38.213 [1] contains the following statement:
If a UE 
-	is configured for single cell operation or for operation with carrier aggregation in a same frequency band, and
-	monitors PDCCHs in overlapping PDCCH monitoring occasions in multiple CORESETs that have different QCL-TypeD properties on active DL BWP(s) of one or more cells
the UE monitors PDCCHs only in a CORESET, and in any other CORESET from the multiple CORESETs having same QCL-TypeD properties as the CORESET, on the active DL BWP of a cell with the lowest index from the one or more cells that corresponds to the CSS set with the lowest index, if any; otherwise, to the USS set with the lowest index 
-	for the purpose of determining the CORESET, a SS/PBCH block is considered to have different QCL-TypeD properties than a CSI-RS 
-	the allocation of non-overlapping CCEs and of PDCCH candidates for PDCCH monitoring is according to all search space sets associated with the multiple CORESETs on the active DL BWP(s) of the one or more cells 
 -	the number of active TCI states is determined from the multiple CORESETs 

This captures the following agreement from RAN1#94bis: [3]
In our understanding, the sentenceAgreements:
· For a UE monitors multiple search spaces associated with different CORESETs, for single cell operation or for operation with carrier aggregation in a same frequency band,
· If the monitoring occasions of the search space are overlapped in time and the search spaces are associated with different CORESETs having different QCL-TypeD properties, the UE monitors search spaces associated with a given CORESET containing a CSS in the active DL BWP in the serving cell with the lowest serving cell index and any other CORESET associated with the same QCL-TypeD properties as the given CORESET
· If two or more CORESETs are respectively containing CSS, the UE selects the CORESET containing the search space having the lowest ID in the monitoring occasions in the active DL BWP in the serving cell with the lowest serving cell index.
· Any overlapped search space(s) associated with CORESET(s) having the same QCL-TypeD are monitored.
· If none of the CORESETs contains CSS, the UE selects the CORESET containing the search space having the lowest ID in the monitoring occasions in the active DL BWP in the serving cell with the lowest serving cell index.
· Any overlapped search space(s) associated with CORESET(s) having the same QCL-TypeD are monitored.
· For this purpose, QCL TypeD with respect to a SSB and QCL TypeD with respect to a CSI-RS (or TRS) are considered as different QCL TypeD, even if the CSI-RS is sourced from the same SSB.
· BD/CCE counting should be based on before search space dropping due to QCL TypeD conflicts.
· The number of configured active TCI states of CORESET should be upper bounded by the UE capability without considering the dropping due to QCL TypeD conflicts.
· Non-selected search spaces due to QCL TypeD conflicts is considered to be dropped, not punctured.

·  For this purpose, QCL TypeD with respect to a SSB and QCL TypeD with respect to a CSI-RS (or TRS) are considered as different QCL TypeD, even if the CSI-RS is sourced from the same SSB.
ended up under the wrong bullet: it should be applicable to the BD/CCE counting and TCI states, not to the dropping of search spaces. This is now captured in the CR to 38.213 [1]. Our interpretation of the above sentence is the following:
· for a first CORESET with DM-RS QCL TypeD with an SSB 
· for a second CORESET with DM-RS QCL TypeD with a CSI-RS (or TRS)
· these two CORESET’s are considered to have different QCL TypeD properties, even if the CSI-RS (or TRS) is sourced from the SSB
This statement has severe implications for carrier aggregation in FR2.
Carrier aggregation will be realized by configuring one TRS (other RSs are possible, but the consequences are the same) per CC that will serve as QCL source for the PDCCH/PDSCH, in particular with respect to QCL Type D. These multiple TRSs need to have the same SSB as QCL source:
· The DM-RS of one CORESET on one CC is QCL TypeD with a first CSI-RS (or TRS) 
· The DM-RS of another CORESET on another CC is QCL TypeD with a second CSI-RS (or TRS) 
· The two CSI-RS’s (or TRS’s) are sourced from a same SSB
To ensure that the UE monitors the CORESETs on both CCs, the UE must be able to conclude that the QCL Type D properties of the DM-RSs of the two CORESETs are the same.
Now, the CR to 38.213 [1] currently states that the 
· for the purpose of determining the CORESET, a SS/PBCH block is considered to have different QCL-TypeD properties than a CSI-RS
In our understanding, this statement would invalidate the foreseen QCL arrangement for CA, as it would imply that two TRSs that utilize the same SSB as QCL-TypeD source would also have different QCL Type D properties: if the “link” between the SSB and TRSs are broken, there cannot be any link between the two TRSs. To be more precise: the UE cannot assume that the QCL properties are the same. If the UE cannot conclude that the QCL-TypeD properties of the CORESETs on the multiple carriers are the same, it will monitor only one of them, as described by the priority rule. Thus, in our interpretation carrier aggregation will not work.
Furthermore, in our understanding, the sentence
· for the purpose of determining the CORESET, a SS/PBCH block is considered to have different QCL-TypeD properties than a CSI-RS
is unnecessary: the last two sentences in the excerpt from [1] captures the intent of the statement:
-	the allocation of non-overlapping CCEs and of PDCCH candidates for PDCCH monitoring is according to all search space sets associated with the multiple CORESETs on the active DL BWP(s) of the one or more cells 
 -	the number of active TCI states is determined from the multiple CORESETs 
The CR to 38.213 [1] clearly states that “all search space from the multiple CORESETs” and “multiple CORESETs”, meaning that all CORESETs are considered, irrespective of if any search spaces are dropped due to QCL-TypeD conflicts or not. 
Based on this, we propose 
[bookmark: _Toc528920015]Remove the sentence “for the purpose of determining the CORESET, a SS/PBCH block is considered to have different QCL-TypeD properties than a CSI-RS” from 38.213. 
The proposal is captured in the accompanying draft CR.
Conclusion
In the previous sections we made the following observations: 
Observation 1	One Rx beam is often used for different Tx beams, i.e., for different QCL indications.
Based on the discussion in the previous sections we propose the following:
Proposal 1	The UE may receive PDSCH at the same time as it receives a CSI-RS for tracking, and the Rx beam selection is up to the UE.
Proposal 2	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, 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).
Proposal 3	Remove the sentence “for the purpose of determining the CORESET, a SS/PBCH block is considered to have different QCL-TypeD properties than a CSI-RS” from 38.213.
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