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1.  Introduction 

In RAN1#92 meeting, a list of combinations of DL/UL physical channels and reference signals for the simultaneous reception/transmission assuming FR2 operation was concluded to be further discussed [1].
Also, in RAN1#92bis meeting, it was concluded to further discuss the following topics in RAN1#93: 

For further discussion in RAN1#93

· RAN4 agreement exists for SSB-RRM + PDSCH multiplexing for non-CA and CA cases

· Consider at least the following alternatives. At least for cases outside SMTC window (SSB-RLM+PDSCH, SSB-BM+PDSCH) including CA:
· Alt 1: (multiplexing restriction) Extend the RAN4 agreement to the case of SSB+PDSCH multiplexing for both CA and non-CA without PDSCH associated with SI-RNTI, P-RNTI. This means that the UE is not expected to receive PDSCH on SSB symbols (for same numerology in FR2)

· Alt 2: gNB will ensure at least spatial QCL

· Alt 3: The UE is not expected to perform Rx beam refinement on SSB locations (Rx beam refinement may be associated with BM, RLM, BFD)

Note: The above applies to the case with same numerology for SSB and PDSCH. The case with different numerologies for SSB and PDSCH is to be addressed.
In RAN1#93 meeting, the following agreements were further reached:

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

a. 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

In this contribution, we provides our views for different combinations of downlink channels and reference signals for the simultaneous reception assuming FR2 operation based on current agreements/conclusions.
2. General Principles
As general principles of designing the collision rules for different DL channels/RSs combinations, we can categorize them into three types based on the expected UE behavior corresponding to the channels/RSs in these combinations.

· Type 1 combinations: 
This type of combinations include one RS and one channel/RS. In these combinations, as shown in Figure 1(a), the UE is expected to perform Rx beam sweeping to measure the RS (e.g., SSB, CSI-RS-RRM, or CSI-RS-BM with repetition “ON”, etc.), and apply a constant Rx beam to receiver/measure the channel/RS (e.g., PDSCH, PDCCH/ CORESET, CSI-RS-CSI, CSI-RS-IM, etc.). 
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The performance/function of UE would be degraded due to this collision of UE behavior (i.e., sweep Rx beam and apply a constant Rx beam) even the NW configuration ensures the same spatial QCL assumption for both RS and channel/RS. Therefore, FR2 operation should avoid this type of combinations.
· Type 2 combinations: 

This type of combinations include two different RSs. In these combinations, as shown in Figure 1(b), the UE is expected to perform Rx beam sweeping to measure both of the RSs. 

Since there is no collision of UE behavior, these combinations are allowed for simultaneous reception. The Rx beam selection for spatial measurement can be up to UE implementation. However, to facilitate the UE Rx beam sweeping, it would be beneficial if the NW configuration can ensure the same spatial QCL assumption for the RSs.
· Type 3 combinations: 

This type of combinations include two different channels/RSs. In these combinations, the UE is expected to apply constant Rx beam(s) on the two channels/RSs.

According to the spatial QCL assumptions in the two channels/RSs, there are two possible scenarios from the perspective of the UE reception, as shown in Figure 2. If the spatial QCL assumptions of the two channels/RSs are the same, they can be simultaneously received with the same Rx beam. However, if the two spatial QCL assumptions are inconsistent, the UE may not able to receive them simultaneously and additional rules should be introduced. For instance, the UE can prioritize the processing of one channel/signal over another according to some priory rules. However, for some Type 3 combinations, NW should ensure the same spatial QCL assumptions in the channels/RSs to avoid inefficient resource scheduling, .e.g., AP CSI-RS + PDSCH.

According to the general principles described above, we make the following proposal:
Proposal 1: Categorize the combinations of simultaneous DL channel/signals based on the expected UE behavior to the concerned channels/RSs:
· Type 1 combinations – simultaneous RS + channel/RS where the UE is expected to perform Rx beam sweeping to measure the RS and apply a constant Rx beam to receiver/measure the channel/RS. 

· Type 2 combinations – simultaneous RS + RS where the UE is expected to perform Rx beam sweeping to measure both of the RSs.

· Type 3 combinations – simultaneous channel/RS + channel/RS where the UE is expected to apply constant Rx beam(s) on the two channels/RSs.

Proposal 2: In FR2, support the following solution for each type of channel/signal combinations from Proposal 1:

· Type 1 combinations – The UE is not expected to receive this type of combinations simultaneously
· Type 2 combinations – Rx spatial QCL assumption should be ensured by the NW configuration
· Type 3 combinations – If the spatial QCL assumptions are inconsistent, at least the following solutions should be adopted 

· Alt1: Prioritization on one of RS/channel
· Alt2: Rx spatial QCL assumption should be ensured by the NW configuration
3. DL channel/signals for simultaneous reception
Based on Proposal 1 and Proposal 2, our views on DL channels/signals for simultaneous reception are summarized.
Proposal 3: Take Table 1 as starting point for discussion on combinations of DL channels/signals for simultaneous reception.
Table 1: Combinations of DL channels/signals for simultaneous reception
	Channels/RS in same OFDM symbol
	Same CC / BWP
	Different CCs 

(intra-band)

	SSB+PDSCH
	(Type 1) The UE is not expected to receive PDSCH on SSB symbol
	Same rule for the same CC/BWP

	SSB+PDCCH
	(Type 1) The UE is not expected to receive PDCCH on SSB symbol
	Same rule for the same CC/BWP

	CSI-RS+PDSCH (including DM-RS/PT-RS)

· 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
	(Type 1) The UE is not expected to receive PDSCH and CSI-RS on same OFDM symbol(s) when the CSI-RS is configured for RLM, RRM, BFD, or BM with repetition “ON” 

(Type 3) When CSI-RS is configured for CSI, IM, tracking, or BM with repetition “OFF”:

· Prioritize PDSCH for P/SP CSI-RS

· Rx spatial QCL should be ensured by NW configuration for AP CSI-RS
	Same rule for the same CC/BWP



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

· Non default CORESET
	(Type 3) Prioritize PDSCH (PDSCH is scheduled more dynamically than CORESET. If NW chooses to schedule the PDSCH on the same symbol with a CORESET using a different spatial QCL assumption, PDSCH should has higher priority. This gives more flexibility on PDSCH scheduling, i.e., when in certain SS, there is no PDCCH scheduling, it can be used for PDSCH)
	Same rule for the same CC/BWP



	PDCCH/CORESET + PDCCH/CORESET
	[N/A]
	(Type 3) Prioritization according to (the rules as follows are applied sequentially)

· Rule1: PCell > PSCell
· Rule2: Lowest SCell Index

	CSI-RS+SSB 
	(Type 1) The UE is not expected to receive SSB and CSI-RS on same OFDM symbol(s) when the CSI-RS is configured for CSI, IM, tracking, or BM with repetition “OFF”
(Type 2) Rx spatial QCL should be ensured by the NW configuration when the CSI-RS is configured for RLM, RRM, BFD, or BM with repetition “ON” 

	Same rules for the same CC/BWP

	CSI-RS+CSI-RS
	(Type 1) When one of the CSI-RSs is configured for RLM, RRM, BFD, or BM with repetition “ON”, and another is configured for CSI, IM, tracking, or BM with repetition “OFF”, UE is not expected to receive these two CSI-RSs on same OFDM symbol(s) 

(Type 2) When both CSI-RSs are configured for RLM, RRM, BFD, or BM with repetition “ON”, Rx spatial QCL should be ensured by the NW configuration

(Type 3) When both CSI-RSs are for CSI, IM, tracking, or BM with repetition “OFF”, prioritize according to (the rules as follows are applied sequentially)

· Rule 1: AP-CSI-RS > SP-CSI-RS >P-CSI-RS

· Rule 2: BM > Tracking > CSI/IM 
	(Type 1 and Type 2) Same rule for the same CC/BWP
(Type 3) When both CSI-RSs are for CSI, IM, tracking, or BM with repetition “OFF”, prioritize according to (the rules as follows are applied sequentially)

· Rule1: AP-CSI-RS > SP-CSI-RS >P-CSI-RS

· Rule 2: BM > Tracking > CSI/IM

· Rule 3: PCell > PSCell

· Rule 4: Lowest SCell Index

	PDSCH+PDSCH 
with different RNTIs
	TBD 
	TBD

	SSB+SSB
	N/A
	Up to UE implementation

	PDSCH+PDSCH 

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

	Rx spatial QCL should be ensured by the NW configuration


*Note: Already agreed in the previous meetings
4. Conclusion

In summary, based on the above discussion we have the following observations and proposals:
Proposal 1: Categorize the combinations of simultaneous DL channel/signals based on the expected UE behavior to the concerned channels/RSs:

· Type 1 combinations – simultaneous RS + channel/RS where the UE is expected to perform Rx beam sweeping to measure the RS and apply a constant Rx beam to receiver/measure the channel/RS. 

· Type 2 combinations – simultaneous RS + RS where the UE is expected to perform Rx beam sweeping to measure both of the RSs.

· Type 3 combinations – simultaneous channel/RS + channel/RS where the UE is expected to apply constant Rx beam(s) on the two channels/RSs.

Proposal 2: In FR2, support the following solution for each type of channel/signal combinations from Proposal 1:

· Type 1 combinations – The UE is not expected to receive this type of combinations simultaneously
· Type 2 combinations – Rx spatial QCL assumption should be ensured by the NW configuration

· Type 3 combinations – If the spatial QCL assumptions are inconsistent, at least the following solutions should be adopted 

· Alt1: Prioritization on one of RS/channel
· Alt2: Rx spatial QCL assumption should be ensured by the NW configuration

Proposal 3: Take Table 1 as starting point for discussion on combinations of DL channels/signals for simultaneous reception.
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Figure 1.  Expected UE behavior for the channels/RSs in (a) type 1 combinations (b) type 2 combinations.
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Figure 2.  Two possible scenarios in type 3 combinations.











