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1. Introduction
With analog beamforming, UE may be able to only form one analog Rx beam at a time and therefore cannot simultaneous receive two signals with different spatial QCL. UE behavior for reception of two signals of different spatial QCL multiplexed in the same OFDM symbol therefore need to be discussed. The following framework for study was agreed based on R1-1802393 (Intel):

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

The issue was further discussed in RAN1#93 where the following agreements and candidate solutions were identified:

Agreement
For the case of CSIRS+PDCCH on the same OFDM symbols where spatial QCL is configured for CSI-RS
· NW configuration should ensure spatial QCL

· UE is not expected to be configured with CSI-RS with repetition=ON in the symbols UE is configured to monitor the CORESET

Above agreement applies to both same BWP as well as intra-band CA if spatial QCL is applicable.
For further study until the next meeting
· Alt 1: For the case of CSIRS+PDCCH on the same OFDM symbols, if CSI-RS is not configured with spatial QCL, the UE follows the spatial QCL associated with the PDCCH

· Alt 2: No need for further definition of UE behavior for the case of CSIRS not configured with spatial QCL overlapping with PDCCH on an OFDM symbol

For further study until the next meeting
For the case of CSIRS+PDSCH on the same OFDM symbols where spatial QCL is configured for CSI-RS
· NW configuration should ensure spatial QCL

· UE is required to decode PDSCH that is overlapping with one or more symbols configured with CSI-RS with repetition=ON

· Note: The UE is not expected to perform Rx beam refinement on CSIRS symbols configured with CSI-RS with repetition=ON

· NW configuration should ensure spatial QCL

· UE is expected to symbol level rate-match PDSCH that is overlapping with one or more symbols on the symbols configured with CSI-RS with repetition=ON

· DMRS should not be affected by rate matching

· NW configuration should ensure spatial QCL

· UE is not expected to receive PDSCH that is overlapping with one or more symbols configured with CSI-RS with repetition=ON

· DMRS should not be affected by rate matching

For further study until the next meeting
For the case of PDSCH+PDCCH simultaneous RX in case spatial RX is configured and is different between the two channels
· Alt1: CORESET is prioritized 

· spatial QCL associated with CORESET is applied to the PDSCH 

· FFS: PDSCH slot aggregation case

· Alt2: PDSCH is prioritized depending on scheduling offset

· Before threshold, CORESET is prioritized

· After threshold, PDSCH is prioritized

This contribution summarizes our view on these problems. 

2. Discussion
2.1. CSI-RS and CSI-RS

Each CSI-RS resource can be configured with TCI-state. If TCI-state is configured, UE is instructed to use Rx beam of the source RS associated with the TCI state to derive the Rx beam for the target CSI-RS. If TCI-state is not configured, UE chooses the Rx beam for CSI-RS by itself. Similar to multiplexing of PDCCH/CSI-RS where spatial QCL is provided for CSI-RS, NW configuration should ensure spatial QCL between two CSI-RS if their spatial QCL is provided. UE is not expected to receive two CSI-RS with different spatial QCL provisions. 
Proposal:
· NW configuration is to ensure spatial QCL between two CSI-RS if their spatial QCL is provided. 

If one CSI-RS is provided with spatial QCL and the other not, UE is expected to follow the provided spatial QCL. 

Proposal: 

· UE is expected to follow the provided spatial QCL if only one of the two CSI-RS is provided with spatial QCL. 

The above applies at least when different CSI-RS are of the same time-domain property (e.g. periodic, semi-persistent, and aperiodic). If one CSI-RS is aperiodic and the other is periodic/semi-persistent, whether a different procedure is needed should be discussed.  On one hand, it can be argued that A-CSI-RS should have higher priority than P/SP CSI-RS.  On the other hand, AP-CSI-RS can be triggered in any OFDM symbols where P/SP CSI-RS is present. 

· If the scheduling offset for A-CSI-RS is smaller than a threshold, UE has not finished decoding the UL grant therefore the UE doesn’t know whether A-CSI-RS is present or not in symbols of P/SP-CSI-RS. This motivates using the P/SP-CSI-RS QCL to receive the OFDM symbol. 

· If the scheduling offset is larger than the threshold, UL grant decoding has finished and the UE knows definitively if A-CSI-RS is present in the symbol. If measurement restriction is OFF and UE is averaging across different slots, it is not expected to average on different slots of the P/SP-CSI-RS with different spatial Rx parameter. From this perspective it is preferable that P/SP should supercede A-CSI-RS. If measurement restriction is ON, either P/SP or A-CSI-RS can supercede each other. From a consistent UE behavior perspective, P/SP can supercede A-CSI-RS. 

To simplify UE implementation, the same procedure for same time-domain property can be adopted where UE expects NW to ensure spatial QCL between CSI-RS, regardless of their time-domain property. Different CSI-RS of different QCL can be TDM-ed, up to NW implementation. 
2.2. CSI-RS and SSB

The current spec stipulates that CSI-RS and SSB can be multiplexed in the same OFDM symbol if CSI-RS is for beam measurement, where they must be spatially QCLed. There are proposals to extend such multiplexing to CSI-RS for CSI acquisition. We support this proposal.  
For P/SP-CSI-RS, if measurement restriction is OFF, UE is allowed to perform channel averaging. As averaging across slots with different spatial filter should be avoided, UE should not expect to be configured with a CSI-RS with different spatial QCL than the SSB.  Otherwise, if measurement restriction is turned ON, per-slot channel measurement is possible, and in this case the spatial QCL of CSI-RS can be overridden by SSB. To simplify UE implementation, ensuring the same spatial QCL between CSI-RS and SSB by NW implementation can be adopted.  

For A-CSI-RS, it is not preferable to drop the CSI-RS as it will result in wasted PDCCH grant. Again, NW should ensure that spatial QCL is the same between CSI-RS and SSB. 
Proposal: 

· NW configuration is to ensure spatial QCL between CSI-RS and SSB in the same symbol. 

2.3. SSB and SSB

Note that SSB cannot be configured with TCI state. From that perspective, how UE formulate the Rx beam for receiving a SSB is UE implementation. There is no need to restrict the multiplexing of SSBs .
Proposal: 
· SSB can be multiplexed on the same OFDM symbol. 

2.4. CSI-RS and PDSCH

If the spatial Rx beam of CSI-RS is not provided by gNB (e.g. repetition ON, or repetition OFF without TCI configured), it is up to UE to determine the Rx beam for CSI-RS. The Rx beam UE plans to use for CSI-RS in a particular symbol are most likely determined at the beginning of each sweeping cycle, and may or may not be different than Rx beam of potential PDSCH. On the other hand, if the spatial Rx of CSI-RS is indicated by gNB (through TCI signaling or RRC configuration), it may also be different than PDSCH. 
In general, PDSCH has higher priority than CSI-RS, and UE should always attempt to decode PDSCH whenever possible. In symbols where CSI-RS configured with repetition = ON collide with potential PDSCH, UE should decode PDSCH, and Rx beam refinement is not required in the overlapping symbols.  
One small caveat is that PDSCH is dynamically scheduled and therefore may be present in any symbols. Hence it is possible that in all symbols carrying CSI-RS, UE should always prepare for potential existence of PDSCH, and skip Rx beam sweeping If NW scheduler is not properly designed, UE may skip Rx beam sweeping all together. 
This issue depends on whether UE knows definitely in the CSI-RS symbols whether PDSCH exists. When receiving a slot carrying CSI-RS, UE should know whether a PDSCH scheduled by a DCI with scheduling offset larger than the threshold is present. If such a PDSCH is present, UE should decode PDSCH, and skip Rx beam sweeping. If such a PDSCH is not present, a PDSCH with scheduling offset smaller than the threshold may or may not be present in the current slot, which the UE cannot definitively know until finishing decoding PDCCH in the preceding window of a length equal to the threshold. In this case the UE should assume symbol-level rate-match PDSCH around CSI-RS. This is option-1.  
Another possible solution is to always require Rx beam sweeping to be done on CSI-RS with repetition=ON, and schedule PDSCH to avoid collision with CSI-RS. UE is not expected to receive PDSCH that is overlapping with one or more symbols configured with CSI-RS with repetition = ON. From a pure implementation perspective this is simpler than option-1. However, resources occupied by CSI-RS will be permanently blocked for PDSCH transmission resulting in a fixed overhead. Also PDSCH scheduling has to avoid CSI-RS resources, which may cause extra delay and undesirable for delay-sensitive URLLC traffic that should be scheduled as soon as possible. Weighing the pros and cons, our preference is option 1 which allows better system flexibility, despite slight complexity increase. 
Proposal: For the case of CSIRS + potential PDSCH on the same OFDM symbols where spatial QCL is configured for CSI-RS
· If the presence if PDSCH is known (i.e. PDSCH with scheduling offset larger than the threshold has been found), UE is required to decode PDSCH, including when overlapping with one or more symbols configured with CSI-RS with repetition=ON. UE is not expected to perform Rx beam refinement when repetition = ON.

· If the presence of PDSCH is not known (i.e. PDSCH with scheduling offset larger than the threshold is not found), UE is expected to symbol level rate-match potential PDSCH that is overlapping with one or more symbols on the symbols configured with CSI-RS with repetition=ON.
2.5. PDCCH and PDSCH

If potential PDSCH and PDCCH are present in the same symbol, PDCCH beam should have higher priority and override PDSCH beams.  
In the counter proposal, PDSCH has higher priority if scheduling offset is larger than the threshold, and PDCCH has higher priority if scheduling offset is smaller than the threshold. This scheme is more complicated and the benefits are not clear. 
Proposal:  If PDSCH and PDCCH (CORESET) collides in any symbol, PDCCH beam has higher priority than PDSCH. 
2.6. PDCCH and PDCCH (C-RNTI)

When receiving PDCCH in different CORESETs/search spaces with different spatial QCL in the same symbol, different priorities can be assigned to different search spaces/CORESETS, where PDCCH of higher-priority should override lower priority PDCCH in terms of spatial Rx. PDCCH priority ordering can be further discussed. 
Proposal:

· CORSET/SS can be assigned different priorities where coresets/SS of higher priority overrides that of lower priority when deciding the spatial QCL.

2.7. PDCCH (C-RNTI) and PDCCH (other RNTI)

PDCCH by C-RNTI should always have lower priority than SI-RNTI, P-RNTI, RA-RNTI when determining the priority of spatial QCL parameter. 

If PDCCH with C-RNTI and other cell-specific RNTI are scheduled in the same OFDM symbols, UE may skip decoding PDCCH with C-RNTI, or the spatial Rx of PDCCH with C-RNIT is to be overridden by that of other cell specific RNTI (e.g. P, RA, SI). 
Proposal: 
· If PDCCH with C-RNTI is scheduled to be transmitted in the same OFDM symbol as PDCCH scrambled by other cell-specific RNTI, spatial QCL of PDCCH with C-RNTI is to be overridden by that of other RNTI.

· Priority between cell-specific C-RNTIs can be separately discussed.
2.8. CSI-RS and PDCCH

PDCCH beams are semi-statically configured by RRC/MAC-CE. For CSI-RS, the spatial QCL is either semi-statically configured (P/SP-CSI-RS), or dynamically provided (A-CSI-RS).

If PDCCH and P/SP-CSI-RS are in the same OFDM symbols, it is preferable that PDCCH beam are not impacted, because control channel has higher priority than CSI-RS. CORESET beams can override that of CSI-RS.

If PDCCH and A-CSI-RS are in the same OFDM symbol, likewise, CORESET beam should override CSI-RS.
· If scheduling offset of A-CSI-RS is smaller than the threshold, the UE doesn’t know if there is A-CSI-RS in the symbol of CORESET. CORESET beams should always supercede CSI-RS. 

· If scheduling offset is larger than threshold, UE knows if A-CSI-RS is present. In this case, CORESET beams should still supercede CSI-RS.

Proposal:

· CORESET has higher priority and CSI-RS follows CORESET spatial QCL.   

3. Conclusions
In this contribution we discussed multiplexing of different signals/channels in the same OFDM symbol. Our proposals are summarized below:

Proposal 1: For CSI-RS and CSI-RS
· NW configuration is to ensure spatial QCL between two CSI-RS if their spatial QCL is provided. 

· UE is expected to follow the provided spatial QCL if only one of the two CSI-RS is provided with spatial QCL. 

Proposal 2: For CSI-RS and SSB 

· NW configuration is to ensure spatial QCL between CSI-RS and SSB in the same symbol. 

Proposal 3: For SSB+SSB 
· SSB can be multiplexed on the same OFDM symbol. 

Proposal 4: For the case of CSIRS + potential PDSCH on the same OFDM symbols where spatial QCL is configured for CSI-RS

· If the presence if PDSCH is known (i.e. PDSCH with scheduling offset larger than the threshold has been found), UE is required to decode PDSCH, including when overlapping with one or more symbols configured with CSI-RS with repetition=ON. UE is not expected to perform Rx beam refinement when repetition = ON.

· If the presence of PDSCH is not known (i.e. PDSCH with scheduling offset larger than the threshold is not found), UE is expected to symbol level rate-match potential PDSCH that is overlapping with one or more symbols on the symbols configured with CSI-RS with repetition=ON.

Proposal 5: For PDSCH +PDCCH

· PDCCH beam has higher priority than PDSCH. 
Proposal 6: For PDCCH of C-RNTI
· CORSET/SS can be assigned different priorities where coresets/SS of higher priority overrides that of lower priority when deciding the spatial QCL.

Proposal 7:  For PDCCH of C-RNTI and other RNTI
· If PDCCH with C-RNTI is scheduled to be transmitted in the same OFDM symbol as PDCCH scrambled by other cell-specific RNTI, spatial QCL of PDCCH with C-RNTI is to be overridden by that of other RNTI.

· Priority between cell-specific C-RNTIs can be separately discussed.
Proposal 8: For CSI-RS and CORSET
· For CSI-RS and CORESET, CORESET has higher priority and CSI-RS follows CORESET spatial QCL.   

