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Introduction
According to [1], RAN1 is to discuss several combinations of physical channels and reference signals for simultaneous reception/transmission assuming FR2 operation and several possible solutions have been mentioned as follows.
· 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 paper, we provide our views on this issue.
Analysis of listed solutions
It was concluded in RAN1#92 to consider at least the following solutions:
· Solution 1: “Skipping transmission of reference signal / physical channel, e.g., when QCL assumptions are not the same”
This solution allows the NW to schedule non-QCL’ed signals on the same symbol, but it requires the NW to avoid QCL conflicts when transmitting them. An advantage of this solution is simplicity as the scheduler is not required to avoid conflicting QCL requirements for possibly numerous aperiodic, semi-persistent, and periodic signals/channels. The disadvantage is the complexity resulting from omitting transmission of certain signals. For example, if the omitted signals are measurement signals, then measurement results will not be available as originally planned.
· Solution 2: “Overriding QCL assumptions”
With this solution, the UE overrides the indicated QCL assumption for certain signals/channels, based on some specified rules. An advantage of this solution is that it guarantees that the UE does not face conflicting QCL requirements. A disadvantage is that certain signals may be missed or poorly received.
· Solution 3: “Prioritization of the processing of one physical channel/signal over another”
In this approach, certain signals may be deemed more important than others and then given a higher priority. This solution may be interpreted as the UE-side version of Solution 1. Meanwhile, rather than simple dropping, this solution can enable more flexible multiplexing of channels/signals, e.g., a UE can process the channels/signals in a sequential manner based on the indicated priority among them. 
· Solution 4: “NW configuration should ensure the same QCL assumption for the physical channel/signal”
This solution will put a strict constraint on the scheduler. The advantage of this solution is that the UE does not miss signals, measurements, etc. This comes at the cost of more complex scheduling. 

The following table summarizes our analysis.
	
	Solution 1
	Solution 2
	Solution 3
	Solution 4

	Low scheduler complexity
	X
	X
	X
	

	UE handles QCL conflicts
	X
	X
	X
	

	Requires spec support
	X
	X
	X
	X



Priority rules
First of all, in the downlink, due to the importance of SSB, same spatial QCL assumption should be ensured by NW configuration. To be specific, when SSB and other channel/signals are scheduled to be transmitted on same OFDM symbol, for example, SSB+PDSCH, SSB+PDCCH, SSB+CSI-RS, NW configuration should ensure the same spatial QCL assumption. In other words, UE is not expected to have different QCL assumptions in this case.
Proposal 1: When SSB and other channel /signal are transmitted on same OFDM symbol, NW configuration should ensure that UE can apply the same spatial QCL assumption to receive them. 
Secondly, to deal with other combinations of physical channels and reference signals for the simultaneous reception/transmission, prioritization can be considered. The principle of prioritization is based on the integrity of the physical channel /signal, the importance of the physical channel /signal, and the numerology and CC index when it comes to simultaneous reception/transmission across carriers.
In NR, different numerologies can be configured for different CCs. Thereby, it is possible that, in terms of time duration, one symbol in CC x corresponds to several symbols in CC y, as shown in figure 1. The question is: if different QCL assumptions are applied for PDCCH on CC0@30KHz and PDCCH on CC1@120KHz, which QCL should be assumed? If the CC with a larger SCS is prioritized (i.e., CC1 has priority over CC0 in figure 1), on the first CC1 symbol @120KHz, UE shall assume beam1, on the second CC1 symbol, UE shall switch to beam0 to receive CC0 symbol since there is no signal transmitted on CC1 now or there is no simultaneous reception issue. However, it is not a reasonable solution, since UE missed the first ¼ part of the CC0 symbol. Actually, the reception of PDCCH in CC0 may even be split into several parts with different QCL assumptions. 
                                                   
 
Figure 1.  Overlapping between one signal and several signals in two CCs
Considering the integrity of received signal, it is more reasonable to guarantee that the whole single symbol can be received by one QCL assumption, thus when a priority rule by SCS is considered, default QCL assumption is determined by the reception signal in the CC with the lowest SCS, i.e., with the longest symbol duration.   
When multiple CCs are configured with a same SCS, or on a single CC/BWP, the determination of default QCL assumption can be based on a predefined prioritization of the processing of one physical signal over another, considering the importance of different physical channel/signals. 
In downlink, physical channels having a broadcast nature (e.g., common PDCCH/PDSCH) come first since they may contain the most important information such as paging or system information update. Then unicast PDCCH contains the scheduling information for unicast PDSCH and/or CSI-RS and it should be certainly prioritized. Data channel usually carries more useful information than reference signal and its reception should be guaranteed. As to CSI-RS, which has multiple functionalities in NR, detailed rules can be added. CSI-RS for radio link quality monitoring (e.g., for RLM/BFR) is to ensure that the UE is still in good connection, CSI-RS for BM is to align the directional transmission and reception, and CSI-RS for CSI acquisition is mainly based on the results of BM. Thus, it is easy to sort the order as CSI-RS for RLM/BFR > CSI-RS for BM > CSI-RS for CSI acquisition.
In the uplink, similar logic applies, i.e., control channel > data channel > reference signal. In addition, the random access channel is the one responsible for accessing the network, which should naturally come to the top priority in uplink.
To summarize, the priority order for DL/UL can be as follows: 
DL:  Broadcast PDCCH/PDSCH > unicast PDCCH > unicast PDSCH > CSI-RS 
          Wherein, CSI-RS for RLM/BFR > CSI-RS for BM > CSI-RS for CSI acquisition
UL: PRACH > PUCCH > PUSCH > SRS
Wherein, SRS for BM > SRS for NCB > SRS for CB

For PDSCH/PUSCH transmitted on two CCs, if there is no difference in numerology, RNTI type can be used to determine the priority since different RNTIs represent different types of content carried in the data channel. For example, P-RNTI/ SI-RNTI/ RA-RNTI indicates that scheduled data channel contains paging information/system information/RAR respectively, which are all key information for the UE to be maintained/to access the network. Moreover, the transmission scheduled in a grant free fashion is naturally prioritized.
To summarize, the priority order for RNTI of PDSCH/PUSCH is given as follows: 
PDSCH:       P-RNTI/ SI-RNTI/ RA-RNTI > CS-RNTI (Grant free) > C-RNTI (Grant based)
PUSCH:     CS-RNTI (Grant free) > C-RNTI (Grant based) > SP-CSI-RNTI    

In addition to the rules mentioned above, if the signal type, SCS, and RNTI is the same for channels/RSs on different CCs, the primary CC should have the higher priority.

Proposal 2: The default QCL assumption for multiple channel/signal(s) among multiple CCs is determined as follows:
Rule#1: SCS in increasing order;
Rule#2: Type of physical channel/signal;
· DL:  Broadcast PDCCH/PDSCH > unicast PDCCH > unicast PDSCH > CSI-RS 
· CSI-RS for RLM/BFR > CSI-RS for BM > CSI-RS for CSI acquisition  
· UL: PRACH > PUCCH > PUSCH > SRS
· SRS for BM > SRS for NCB > SRS for CB  
Rule#3: RNTI of DCI scheduling data channel;
· PDSCH:       P-RNTI/ SI-RNTI/ RA-RNTI > CS-RNTI (Grant free) > C-RNTI (Grant based)
· PUSCH:     CS-RNTI (Grant free) > C-RNTI (Grant based) > SP-CSI-RNTI    
Rule#4: CC index in increasing order;

With proposal 2, our preference is shown in the following tables for DL simultaneous reception and UL simultaneous transmission, respectively.
	Channels/RS in same OFDM symbol
	Same CC / BWP
	Different CCs

	SSB + PDSCH
	Rx spatial QCL should be ensured by the NW configuration
	The same Rx spatial QCL assumption between different CCs should be ensured by the NW configuration

	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
	PDSCH
	1. Signal on the CC with lowest SCS 
2. PDSCH if same SCS

	PDCCH / CORESET+ PDSCH
· Default CORESET (CORESET with lowest ID which is used for obtaining default QCL assumption)
· Non default CORESET
	PDCCH
	1. Signal on the CC with lowest SCS 
2. PDCCH if same SCS

	CSI-RS + PDCCH / CORESET

	[bookmark: OLE_LINK119][bookmark: OLE_LINK120]Rx spatial QCL should be ensured by the NW configuration*
	1. Signal on the CC with lowest SCS 
2. PDCCH if same SCS

	PDCCH / CORESET + PDCCH / CORESET
	[N/A]
	1. Signal on the CC with lowest SCS 
2. Signal on the CC with lowest CC index 

	CSI-RS + SSB 
	Rx spatial QCL should be ensured by the NW configuration*
	The same Rx spatial QCL assumption between different CCs should be ensured by the NW configuration

	CSI-RS + CSI-RS
	CSI-RS for RLM/BFR > CSI-RS for BM > CSI-RS for CSI
	1. Signal on the CC with the lowest SCS 
2. Signal on the CC with lowest CC index 

	PDSCH + PDSCH with different RNTIs
	P-RNTI/SI-RNTI/ RA-RNTI > CS-RNTI (Grant free) > C-RNTI (Grant based)
	1. Signal on the CC with the lowest SCS
2. P-RNTI/ SI-RNTI/ RA-RNTI > CS-RNTI (Grant free) > C-RNTI (Grant based)
3. Signal on the CC with lowest CC index 

	SSB + SSB
	N/A
	The same Rx spatial QCL assumption between different CCs should be ensured by the NW configuration

	PDSCH + PDSCH (C-RNTI + C-RNTI)
	N/A
	1. Signal on the CC with lowest SCS
2. Signal on the CC with lowest CC index


*Note: Already agreed in the previous meetings
	Channels/RS in same OFDM symbol
	Same CC
	Different CCs

	PUCCH + PUCCH
	N/A
	1. Signal on the CC with lowest SCS 
2. Signal on the CC with lowest CC index 

	PUSCH + PUSCH
	N/A
	1. Signal on the CC with lowest SCS 
2. Signal on the CC with lowest CC index 

	SRS + SRS
	SRS for BM > SRS for NCB > SRS for CB
	1. Signal on the CC with lowest SCS 
2. Signal on the CC with lowest CC index 



Summary of proposals
In this paper, we have the following proposals:
Proposal 1: When SSB and other channel /signal are transmitted on same OFDM symbol, NW configuration should ensure that UE can apply the same spatial QCL assumption to receive them. 
Proposal 2: The default QCL assumption for multiple channel/signal(s) among multiple CCs is determined as follows:
Rule#1: SCS in increasing order;
Rule#2: Type of physical channel/signal;
· DL:  Broadcast PDCCH/PDSCH > unicast PDCCH > unicast PDSCH > CSI-RS 
· CSI-RS for RLM/BFR > CSI-RS for BM > CSI-RS for CSI acquisition 
· UL: PRACH > PUCCH > PUSCH > SRS
· SRS for BM > SRS for NCB > SRS for CB  
Rule#3: RNTI of DCI scheduling data channel;
· PDSCH:       P-RNTI/ SI-RNTI/ RA-RNTI > CS-RNTI (Grant free) > C-RNTI (Grant based)
· PUSCH:     CS-RNTI (Grant free) > C-RNTI (Grant based) > SP-CSI-RNTI    
Rule#4: CC index in increasing order;
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