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Background
In RAN1#92 meeting, there remained some issues of simultaneous transmission/reception of multiple signals/channels with different Tx/Rx beams as follows [1].
Conclusion:
· RAN1 to discuss at least the following combinations of DL physical channels and reference signals for the simultaneous reception assuming FR2 operation:
	Channels/RS in same OFDM symbol
	Same CC / BWP
	Different CCs

	SSB + PDSCH
	
	

	CSI-RS + PDSCH (including DM-RS/PT-RS)
· A-CSI-RS (below and above threshold), P CSI-RS, SP CSI-RS
· BM CSI-RS, CSI-RS for CSI, CSI-RS for tracking
· CSI-RS Repetition ‘ON’, ‘OFF’
· CSI-IM
	
	

	PDCCH / CORESET+ PDSCH
· Default CORESET (CORESET with lowest ID which is used for obtaining default QCL assumption)
· Non default CORESET
	
	

	CSI-RS + PDCCH / CORESET

	Rx spatial QCL should be ensured by the NW configuration*
	

	PDCCH / CORESET + PDCCH / CORESET
	[N/A]
	

	CSI-RS + SSB 
	Rx spatial QCL should be ensured by the NW configuration*
	

	CSI-RS + CSI-RS
	
	

	PDSCH + PDSCH with different RNTIs
	TBD
	

	SSB + SSB
	N/A
	

	PDSCH + PDSCH (C-RNTI + C-RNTI)
	N/A
	



*Note: Already agreed in the previous meetings

· RAN1 to discuss at least the following combinations of UL physical channels and reference signals combinations for the simultaneous transmission assuming FR2 operation:
	Channels/RS in same OFDM symbol
	Same CC
	Different CCs

	PUCCH + PUCCH
	N/A
	

	PUSCH + PUSCH
	N/A
	

	SRS + SRS
	
	



· RAN1 to consider at least the following solutions:
· Skipping transmission of reference signal / physical channel, e.g. QCL assumptions are not the same
· Overriding QCL assumptions
· Prioritization of the processing of one physical channel /signal over another 
· NW configuration should ensure the same QCL assumption for the physical channel /signal
· Other solutions are not precluded

In this contribution, we will discuss how to deal with the above-mentioned reception/transmission of the signal/channel combinations if the corresponding Rx/Tx beams are different.

Discussion
Based on previous discussions, there are three different kinds of solutions:
· gBN ensures the same QCL assumption
· UE receive the signals based on some priority rules in case of different QCL assumptions
· Up to UE implementation in case of different QCL assumptions
We will discuss the above alternatives in this contribution.
From the UE’s perspective, different channels/signals should have the same Rx spatial QCL assumption so that UE can receive these signals simultaneously with one good Rx beam. Otherwise, some signals will suffer performance degradation due to the mismatch between the transmit beam(s) and the receive beam(s). Thus in order to ensure the performance of reception, we have the following proposal:

Proposal 1: From the UE’s perspective, gNB should ensure the same QCL assumption for the different channels/signals which will be involved in the simultaneous transmission/reception.

If there are some cases where gNB doesn’t ensure the same QCL assumption for different channels/signals, we need to discuss the two latter alternatives.
The final purpose of wireless network is to transmit data. Thus PDSCH and its associated PDCCH should have the highest priority since the other signals/channels are to facilitate the data transmissions.  The SS/PBCH block(s) is critical for a UE to access the NW and it offers the coarse timing/frequency synchronization for UEs. However, for a UE in the RRC connected mode, it can get better timing/frequency tracking via the CSI-RS (including CSI-RS for tracking). As a result, the CSI-RS is more import than SS/PBCH block for a UE in RRC connected mode.
Regarding the CSI-RS, there are three types: periodic, semi-persistent and aperiodic. A straight forward way is Aperiodic > Semi-Persistent > Periodic. 
The primary cell is always more important for the robustness of connections. Thus the transmission of primary cell should have higher priority than that in the secondary cells

To summary, we can have the following rules for the simultaneous reception of signals/channels
· Rule 1: PDCCH/PDSCH > CSI-RS (including CSI-RS for tracking) > SSB
· Rule 2:  Aperiodic > Semi-Persistent > Periodic (for same signals/channels)
· Rule 3:  Primary cell > Secondary Cell (for same types of signals/channels)

Regarding the simultaneous of multiple signals/channels, there are three combinations listed for discussion: PUCCH+PUCCH, PUSCH+PUSCH, SRS+SRS. In the power control session, there are also some priorities defined and we can reuse them here
· Rule 4: PUCCH transmission with HARQ-ACK/SR  > PUCCH transmission with CSI;
· Rule 5: PUSCH transmission with HARQ-ACK > PUSCH transmission with CSI > PUSCH transmission without HARQ-ACK or CSI;
· Rule 6: Aperiodic SRS > Semi-persistent/periodic SRS
· Rule 3 is also used for simultaneous UL transmissions.
In the above discussion, we only consider some cases for the priority rules. We can see that list of priority rules will be much longer if we consider all kinds of cases. 

However, when a UE is connected to the NW, it will report its capability on the Rx beams and Tx beams via UE capability signaling. Thus the NW should know whether or not the UE can receive the transmission from different DL beams simultaneously, or whether or not UE can transmit signals from different UL Tx beams simultaneously. That is to say, NW knows the UE’s capability on the reception/transmission. Therefore, a reasonable NW should not configure/indicate UE to do something beyond its capability. Otherwise, UE has no responsibility to deal with such operations beyond its capability. Thus we propose that the UE behavior for such cases is undefined and no impact on the specification. 

Proposal 2: Regarding the simultaneous reception/transmission, we propose that
· In case that the QCL assumptions are not the same for the different DL signals/channels, the corresponding UE behavior is undefined and there is no impact on the specification.
· If case that the spatial relationship information are not the same for the different UL signals/channels, the corresponding UE behavior is undefined and there is no impact on the specification.


Conclusions
[bookmark: _GoBack]Based on the above discussions, we have the following proposal:

Proposal 1: From the UE’s perspective, gNB should ensure the same QCL assumption for the different channels/signals which will be involved in the simultaneous transmission/reception.

Proposal 2: Regarding the simultaneous reception/transmission, we propose that
· In case that the QCL assumptions are not the same for the different DL signals/channels, the corresponding UE behavior is undefined and there is no impact on the specification.
· If case that the spatial relationship information are not the same for the different UL signals/channels, the corresponding UE behavior is undefined and there is no impact on the specification.

References
[1] RAN1#92 Chairman’s notes
