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1 Introduction

In RAN1#96 meeting, some Rel-15 CRs related to simultaneous transmission and reception have been discussed. However, considering non-backward compatibility issue, there is no further progress on this topic. Besides, we have the final conclusion that this topic related to simultaneous transmission and reception will not be further discussed in Rel-15 [1]. 

However, taking into account the possible misunderstanding about Tx-Rx beam pair between gNB and UE sides due to the fact that there is no corresponding UE behaviors specified in the spec, it is beneficial to further consider simultaneous transmission and reception in Rel-16 especially when enhanced multi-carrier/multi-beam operation is considered in Rel-16. Therefore, in this contribution, the priority rules for simultaneous transmission and reception in some important cases, including PDSCH with scheduling offset < K + other DL RSs and dynamically scheduled PUSCH + sp-PUSCH, are further discussed.

2 A-CSI-RS or PDSCH with scheduling offset< K +other DL RSs

In the topic of simultaneous Tx/Rx, good progress has been made on aperiodic CSI-RS for CSI with scheduling offset<K  in Rel-15.  We already have the UE behavior for the case of AP-CSI-RS for CSI + other DL RSs specified as shown below.  Similar issues can be solved for aperiodic CSI-RS for BM and PDSCH in Rel-16.  PDSCH with scheduling offset < K can exist in any DL OFDM symbols as one potential transmission, and consequently PDSCH with scheduling offset < K and any other DL signal can overlap in at least one symbol (for the case of intra-band CA) and they are associated with different QCL Type D assumptions. The other DL signal refers to other PDSCH with scheduling offset >=K, AP-CSI-RS with scheduling offset >=K, and sp/p-CSI-RS. But, in TS 38.214, the UE behavior of this case is still open.

	Section 5.2.1.5.1 Aperiodic CSI Reporting/Aperiodic CSI-RS, TS 38.214
For each aperiodic CSI-RS resource in a CSI-RS resource set associated with each CSI triggering state, the UE is indicated the quasi co-location configuration of quasi co-location RS source(s) and quasi co-location type(s), as described in Subclause 5.1.5, through higher layer signaling of qcl-info which contains a list of references to TCI-State's for the aperiodic CSI-RS resources associated with the CSI triggering state. If a State referred to in the list is configured with a reference to an RS associated with 'QCL-TypeD', that RS may be an SS/PBCH block located in the same or different CC/DL BWP or a CSI-RS resource configured as periodic or semi-persistent located in the same or different CC/DL BWP. The UE does not expect that the SCS associated with the PDCCH carrying the triggering DCI is greater than the CSI-RS SCS.

-
If the scheduling offset, in the numerology of the aperiodic CSI-RS, 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 and without the higher layer parameter repetition is smaller than [image: image2.png]Y+d



, where
-
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 is the UE reported threshold beamSwitchTiming, as defined in [13, TS 38.306], 

-
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 if the PDCCH SCS is equal to the CSI-RS SCS and [image: image8.png]2HCSIRS
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 are the subcarrier spacing configurations for CSI-RS and PDCCH, respectively,
when the reported value of beamSwitchTiming is one of the values of {14, 28, 48}.

-
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 [image: image14.png]Y+d



, when the UE reported threshold beamSwitchTiming is one of the values {14,28,48}, periodic CSI-RS, semi-persistent CSI-RS;
-
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 CORESET-ID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored.


Taking into account that the other DL signals should have a higher priority than the potential PDSCH in order to guarantee the already-scheduled/determined transmission of the other DL signals, the UE shall apply the QCL assumption of the other DL signal when receiving the PDSCH with scheduling offset <K.

Proposals-1: If a PDSCH is scheduled with an offset smaller than threshold and received in an OFDM symbol in which the UE receives any other DL signal with an indicated TCI state, the UE applies the QCL assumption of the other DL signal also when receiving the PDSCH.
· The other DL signal refers to PDSCH scheduled with offset above or equal to threshold, aperiodic CSI-RS scheduled with offset above or equal to threshold, periodic CSI-RS, semi-persistent CSI-RS.

Besides, as mentioned above for simultaneous Tx/Rx rules for ap-CSI-RS for CSI in TS 38.214, simultaneous Tx&Rx rules for ap-CSI-RS for beam management is still not clear. In order to keep the spec consistent and flexibility of triggering ap-CSI-RS, the same rules for CSI-RS for CSI should be considered to be reused for ap-CSI-RS for beam management. 
Proposals-2: The simultaneous Tx&Rx rules for ap-CSI-RS for CSI as specified in Section 5.2.1.5.1 in TS 38.214 is reused for ap-CSI-RS for beam management.
3 PDSCHs with scheduling offset < K in different CCs

In a serving cell, the PDSCH with scheduling offset<K is transmitted using the same QCL assumption of the CORESET with the lowest CORESET ID in the latest slot in the serving cell. When two PDSCHs with scheduling offset<K in two different serving cells overlap at a time instant, the corresponding CORESETs with lowest CORESET ID may NOT be QCLed with respect to ‘QCL-TypeD’. In general, only one QCL-TypeD is applied for all intra-band CC according to the Rel-15 spec, which QCL-TypeD is used for the two PDSCH is unclear. Consequently, the gNB and UE assumption for this case may misalign/be different.  

· For example, the 'QCL-TypeD' of the PDSCH in first CC is applied for receiving the two PDSCHs, but the gNB transmits the two PDSCHs according to the 'QCL-TypeD' of the PDSCH in second CC. 
There are following methods to solve this issue:
· Alt1: If multiple PDSCHs with scheduling offset<K in two serving cells overlap at a time instant, the CORESETs with the lowest CORESETID corresponding to the PDSCHs should be quasi-co located with respect to 'QCL-TypeD'.

· Alt2: PDSCHs with scheduling offset<K follow the 'QCL-TypeD' of the CORESET with the lowest CORESETID in a serving cell with lowest serving cell-ID in a serving cell group. 
CORESETs which are located in different time domain symbols can be configured with different ‘QCL-TypeD’, even for the case that the UE only have one applied ‘QCL-TypeD’ at a given time instant. But, in Alt-1, there is a strong limitation for the 'QCL-TypeD' configuration of the CORESETs across all intra-band CCs. Consequently, Alt2 is preferred. 
Proposals-3:  The PDSCH with scheduling offset<K is transmitted according to the 'QCL-TypeD' of the CORESET with the lowest CORESETID in a serving cell with lowest serving cell-ID.  
4 Dynamically scheduled PUSCH + sp-PUSCH

The UE can simultaneously transmit aperiodic PUSCH by dynamic UL grant and semi-persistent PUSCH (i.e. configured grant or SP-CSI), where the spatial relation is determined according to the SRS associated with each of the PUSCH transmission, for the different CC cases. Taking into account that aperiodic PUSCH transmission is based on dynamic spatial relation info by dynamically selecting SRI but semi-persistent PUSCH transmission is based on semi-static spatial relation info, the aperiodic PUSCH should be prioritized over the semi-persistent PUSCH transmission. This is also beneficial to Rel-16 URLLC traffic where the demand of higher priority traffic happens more dynamically.  

Proposals-4: If collision happens, spatial relation overriding rule is applied according to the following priority: ap-PUSCH > sp-PUSCH.

· Note: Spatial relation of PUSCH + PUSCH in same priority level should be ensured by the NW configuration.

5 Conclusion

In this contribution, we provide the proposals for simultaneous transmission and reception in the case of PDSCH with scheduling offset < K + other DL RSs and dynamically scheduled PUSCH + sp-PUSCH.

Proposals-1: If a PDSCH is scheduled with an offset smaller than threshold and received in an OFDM symbol in which the UE receives any other DL signal with an indicated TCI state, the UE applies the QCL assumption of the other DL signal also when receiving the PDSCH.
· The other DL signal refers to PDSCH scheduled with offset above or equal to threshold, aperiodic CSI-RS scheduled with offset above or equal to threshold, periodic CSI-RS, semi-persistent CSI-RS.

Proposals-2: The simultaneous Tx&Rx rules for ap-CSI-RS for CSI as specified in Section 5.2.1.5.1 in TS 38.214 is reused for ap-CSI-RS for beam management.
Proposals-3:  The PDSCH with scheduling offset<K is transmitted according to the 'QCL-TypeD' of the CORESET with the lowest CORESETID in a serving cell with lowest serving cell-ID.  
Proposals-4: If collision happens, spatial relation overriding rule is applied according to the following priority: ap-PUSCH > sp-PUSCH.

· Note: Spatial relation of PUSCH + PUSCH in same priority level should be ensured by the NW configuration.
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