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1. Introduction
The following was concluded in RAN1#92:
· 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
2. General issues
2.1 UE capability
Summary: It has been observed that the need for scheduling restrictions or rules for simultaneous transmission and reception of certain channels/RS is due to the limitation of (analog) RF beamforming of certain UEs due to non-frequency-selective beam weights. It has been expressed [E///, ITRI] that specification changes to benefit/allow such UE performance/function may be conditioned on UE capability to leave the broader RAN1 specification open to UEs that are not limited to such constraints.
Proposal (TBD):
· Consider UE capability signaling to indicate RF beamforming constraints to the gNB (considering intra-band contiguous synchronized CA scenario in FR2). RAN1 specification changes may be conditioned on UE capability.

2.2 Multiple numerology
Summary: It has been observed that simultaneous multiplexing of physical channels and RS also includes the case where a UE may support multiple numerologies in different CCs [Huawei]. However this topic is not discussed in many contributions.
Proposal (TBD):
· Consider simultaneous transmission and reception cases with UE supporting multiple numerologies
· Initially may assume same numerology for making progress 

· For simultaneous transmission or simultaneous reception over different CC/BWPs with different numerologies, UE applies the QCL or spatial-relation assumption of the channel/RS with smallest subcarrier spacing

[Huawei, HiSilicon] For forward compatibility, simultaneous transmission or simultaneous reception over different CC/BWPs with different numerologies should be considered in the first place. To this end, we proposed the simplest solution as above. 

2.3 Non-spatial-QCL issues (rate matching)
Summary: RAN4-AH1 made the following agreement with respect an SMTC window in CA case that is not covered by a measurement gap (see Section 3). The consequence of this agreement is the introduction of a interruption time due to SSB. UE behavior is unclear for PDSCH reception that is multiplexed with SSB. This issue is raised in a couple of contributions [Nokia, Qualcomm] 
Proposal (TBD)
· For PDSCH, UE should assume rate-matching or puncturing on the SSB symbols
· For PTRS associated with PDSCH, UE should assume puncturing on the SSB symbols 

2.3 Candidate PDSCH (or ap-CSI-RS) reception
Summary: Considering the latency of DCI decoding, PDSCH (or ap-CSI-RS if agreed in BM section) should be assumed as the same QCL assumption as the COERSET with lowest CORESET ID in the latest slot if the duration between DCI field and its corresponding PDSCH is less than the threshold k. Buffering of received signals based on this default spatial QCL assumption should be done at the UE side for potential reception of candidate ap-CSI-RS and PDSCH.[ZTE]
· This kind of ap-CSI-RS and PDSCH based on the default beam of PDSCH is named as candidate ap-CSI-RS and candidate PDSCH, respectively, the duration of which is assumed from the last symbol of its corresponding DCI field of CORESET with at least one search space configured, i.e., symbol X, to the symbol {X+ k}, which the threshold k depends on UE capability. Otherwise, the ap-CSI-RS and PDSCH based on the its indicated TCI state are called as ap-CSI-RS and PDSCH, respectively, in this contribution for the case that scheduling time offset is no less than the threshold k.
Proposal (TBD)
· Potential reception of candidate PDSCH and AP-CSI-RS based on the default spatial Rx QCL assumption according to the default CORESET should have the lowest priority.
· Any candidate PDSCH should rate-match around the CSI-RS symbol(s) if the default spatial Rx QCL assumption is different from that.

2.45 Specification
Summary: Majority of contributions have proposed certain specification changes to allow scheduler flexibility and UE behavior predictability (not left completely to UE implementation). Also, if multiplexing is allowed and behavior is left to UE implementation, it adds significant complexity on the UE side to make reasonable decisions. (RAN4-AH1 also made the agreements along these lines).
Proposal:
· Strive to specify UE behavior for cases of simultaneous multiplexing of physical channels and RSs. This includes certain multiplexing use-cases that the UE expects or does not expect and UE behavior upon determining such a multiplexing use-case. 
· Consider the cases of simultaneous multiplexing of physical channels and RSs as concluded in RAN1#92 (additionally – SSB+PDCCH, PUCCH+PUSCH, SRS+PUCCH/PUSCH)

3. [bookmark: _Ref511241440]Downlink multiplexing issues
3.1 SSB+PDSCH
[bookmark: _Toc510694511]Summary: It was observed that a relevant RAN4-AH1 agreement as specified in 38.133 V15.1.0 (section 9.2.5.3.3) is as follows: 
Scheduling availability of UE performing measurements on FR2:
The following scheduling restriction applies due to SS-RSRP or SS-SINR measurement on an FR2 intra-frequency cell
-	The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured, [1] symbol before each consecutive SSB symbols and 1 data symbol after each consecutive SSB symbols within SMTC window duration (it is assumed that  useServingCellTimingForSync is always enabled for FR2)
The following scheduling restriction applies to SS-RSRQ measurement on an FR2 intra-frequency cell
-	UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured , RSSI measurement symbols, 1 data symbol before each consecutive SSB/RSSI symbols and 1 data symbol after each consecutive SSB/RSSI symbols within SMTC window duration (it is assumed that that  useServingCellTimingForSync is always enabled for FR2)
When intra-band carrier aggregation is preformed, the scheduling restrictions apply to all serving cells on the band.
Editor’s Note : Scheduling restrictions for inter-band carrier aggregation are FFS
In contributions, several solutions are proposed for the SSB+PDSCH multiplexing case with some contributions not mentioning the RAN4-AH1 discussion. The proposed solutions include the following:
· Skipping PDSCH which is an extension of RAN4 agreement
· Ensure QCL meaning NW configuration should ensure the same QCL assumption
· Left to UE implementation.

Proposal:
· RAN4 agreement is adopted/valid for SSB-RRM + PDSCH multiplexing for non-CA cases
· For all other cases (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. This means that the UE is not expected to receive PDSCH on SSB symbols (for same numerology in FR2). 

· Alt-2: Consider further discussion with the following additional options a) ensure-QCL, b) left to UE implementation

3.2 SSB+PDCCH
Summary: This case is raised in [E///]. The RAN4 agreement is applicable here as well. It was proposed to extend the RAN4 agreement. The following can be considered:
Proposal:
· RAN4 agreement is adopted/valid for SSB-RRM + CORESET multiplexing for non-CA cases
· For all other cases (SSB-RLM+CORESET, SSB-BM+CORESET) including CA:

· Alt-1: (multiplexing restriction) Extend the RAN4 agreement to the case of SSB+CORESET multiplexing for both CA and non-CA. This means that the UE is not expected to receive PDCCH on SSB symbols (for same numerology in FR2). 

3.3 SSB+CSIRS
Summary: Several contributions have discussed this issue and observed that a prior RAN1 agreement is to allow FDM multiplexing if spatial QCL can be ensured by the gNB. A majority of contributions have proposed that NW configuration should ensure the same QCL assumption. It is also noted in some contributions [Intel, Vivo] that for multiplexing instances involving a beam-management RS or a RRM-RS, ensuring spatial QCL by the gNB may still limit Rx beam switching (refinement) by the UE. 
Proposal:
· In cases where multiplexing is expected to degrade UE function/performance (even if QCL Type D can be ensured and the same Tx beam is used by the gNB) by limiting UE Rx beam switching opportunities: SSB + CSI-RS-CSI, SSB+CSI-RS-IM, SSB+CSI-RS-Tracking
· Alt a: (multiplexing restriction) UE is not expected to receive such CSIRS on SSB symbols
· Alt b: FFS

· For all other cases (SSB+CSIRS-RLM, SSB+CSIRS-RRM, SSB+CSIRS-BFD, SSB+CSIRS-BM)
· NW configuration should ensure the same QCL assumption (if not ensured then multiplexing not allowed)

3.4 CSIRS+PDSCH
Summary: Several contributions have discussed this case and the following solutions are proposed. It is, however, not clear if PDSCH is prioritized then whether the UE function would be compromised with respect to multiplexed CSI-RS-RRM or CSI-RS-BM.
· 1: Prioritization of CSIRS for certain combinations: QCL assumption is based on CSI-RS
· 2: NW configuration should ensure the same QCL assumption for certain cases
· 3: Prioritization of PDSCH: QCL assumption is based on PDSCH
· 4: Based on UE implementation for certain cases
· 5: Disallow multiplexing for certain cases
· 6. Prioritization depends on whether the spatial QCL of signals/channels have been determined from TCI state during the reception e.g. depending on whether it is candidate PDSCH with scheduling offset < k 
· e.g. QCL-overriding rule is applied according to the following priority: 
· PDSCH > ap-CSI-RS > sp-CSI-RS/p-CSI-RS > candidate  PDSCH= candidate ap-CSI-RS

Proposal:
· CSIRS-RRM/BM+PDSCH  multiplexing restriction similar to RAN4 interruption time for SSB+PDSCH
· CSIRS-RLM/BFD/CSI/IM/Tracking+PDSCH  NW should ensure same QCL or other solutions including QCL-overriding rule
· Prioritization of PDSCH: QCL assumption is based on PDSCH

3.5 CSIRS+PDCCH
Summary: Several contributions have discussed this case and the following solutions are proposed. It has been observed in some contributions that in cases where the UE is expected to perform Rx-beam switching (e.g. CSI-RS-BM-rep-ON), multiplexing is not desired. It is also noted that a prior RAN1 agreement is to allow FDM multiplexing if spatial QCL can be ensured by the gNB.
From 38.214:
The CSI-RS defined in Subclause 7.4.1.5 of [4, TS 38.211], may be used for time/frequency tracking, CSI computation, L1-RSRP computation and mobility.
If the UE is configured with a CSI-RS resource and a CORESET in the same OFDM symbol(s), the UE may assume that a PDCCH DM-RS transmitted in the CORESET are quasi co-located with ‘QCL-TypeD’, if ‘QCL-TypeD’ is applicable. Furthermore, the UE shall not expect to be configured with the CSI-RS in PRBs that overlap those of the CORESET.
The UE is not expected to receive CSI-RS and [SystemInformationBlockType1] message in the overlapping PRBs.
· 1: NW configuration should ensure the same QCL assumption
· 2: Disallow multiplexing for certain CSIRS types 

Proposal:
· CSIRS-RRM/BM+PDCCH  multiplexing restriction similar to RAN4 interruption time for SSB+PDCCH
· Other cases  NW configuration should ensure the same QCL assumption (if not ensured then multiplexing not allowed)


3.6 PDCCH+PDSCH
Summary: Several contributions have discussed this case and the following solutions are proposed. It is noted, however, that not much discussions have been observed considering the different types of PDSCH (e.g. different RNTIs) in combination with the different types of CORESETs (e.g. associated to different search space types).  
· 1: NW configuration should ensure the same QCL assumption
· 2: Prioritization of CORESET: QCL assumption is based on CORESET
· UE assumes the same Spatial Rx QCL between PDCCH/CORESET and candidate PDSCH
· 3: Prioritization of PDSCH: QCL assumption is based on PDSCH
· UE assumes the same Spatial Rx QCL between PDCCH/CORESET and candidate PDSCH

3.7 PDCCH+PDCCH
Summary: Several contributions have discussed this case and the following solutions are proposed.
· 1: NW configuration should ensure the same QCL assumption
· 2: Prioritization based on CC ind, Pcell: QCL assumption is based on Pcell, CC index
· 3: Prioritization of UESS: QCL assumption is based on UESS
· 4: Prioritization of CSS: QCL assumption is based on CSS

3.8 CSIRS+CSIRS
Summary: Several contributions have discussed this case and there is a variety of solutions proposed based on the type of CSI-RS. There seems to be more discussions needed here.

[Huawei, HiSilicon] To facilitate the discussions, we provided the two possible solutions as follows.
· 1: Prioritization based on CSI-RS function: CSI-RS for RLM/BFR > CSI-RS for BM > CSI-RS for CSI.
· 2: Prioritization based on most dynamic QCL indication, AP CSI-RS > SP CSI-RS> P CSI-RS.

3.9 PDSCH+PDSCH
Summary: Several contributions have discussed this case and the following solutions are proposed.
For the case of different RNTIs
· 1: NW configuration should ensure the same QCL assumption
· 2: Prioritization based on RNTI: QCL assumption is based on RNTI
· Alt-1: P-RNTI/SI-RNTI/RA-RNTI > CS-RNTI (Grant free) > C-RNTI (Grant based)

For the case of (C-RNTI) CA
· 1: NW configuration should ensure the same QCL assumption
· 2: Prioritization based on CC index: QCL assumption is based on CC index

3.10 SSB+SSB
Summary: Few contributions have discussed this issue and the following solutions are proposed. It is noted that there is not much discussion on all the functionalities of SSB: RLM, RRM, BM, BFD. 
· 1: NW configuration should ensure the same QCL assumption
· 2: Prioritization based on Pcell/CC index: QCL assumption is based on SSB transmitted on Pcell/CC index

4. Uplink multiplexing issues
4.1 PUCCH+PUCCH
Summary: Several contributions have discussed this issue and the following solutions are proposed. 
· 1: NW configuration should ensure the same QCL spatial-relation assumption
· 2: Prioritization based on Pcell/CC index: spatial-relation QCL assumption is based on PUCCH transmitted on Pcell/CC index
· 3: Prioritization based on content: spatial-relation QCL assumption is based on PUCCH content

4.2 PUSCH+PUSCH
Summary: Several contributions have discussed this issue and the following solutions are proposed. 
· 1: NW configuration should ensure the same spatial-relation QCL assumption
· 2: Prioritization based on Pcell/CC index: spatial-relation QCL assumption is based on PUSCH transmitted on Pcell/CC index
· 3: Prioritization based on RNTI: CS-RNTI (Grant free) > C-RNTI (Grant based) > SP-CSI-RNTI

4.3 SRS+SRS
Summary: Several contributions have discussed this issue and the following solutions are proposed. 
· 1: NW configuration should ensure the same spatial-relation QCL assumption
· 2: Prioritization based on Pcell/CC index: spatial-relation QCL assumption is based on PUCCH transmitted on Pcell/CC index
· 3: Prioritization based on SRS function: spatial-relation QCL assumption is based on SRS function (SRS-BM, SRS-CB, SRS-non-CB, SRS-antenna-switch)
· 4: Prioritization based on most dynamic spatial-relation QCL indication: spatial-relation QCL assumption is based on AP/SP/P SRS
· 5: Depending on UE capability: The number of different RSs in higher layer parameter spatialRelationInfo for all SRS+SRS should be no more than the maximum number of  SRS resources transmitted simultaneously for UE capability .

 4.4 PUCCH+PUSCH
Summary: Few contributions have discussed this issue and the following solutions are proposed. 
· 1: NW configuration should ensure the same spatial-relation QCL assumption


4.5 SRS+PUCCH
Summary: Few contributions have discussed this issue and the following solutions are proposed. 
· 1: NW configuration should ensure the same spatial-relation QCL assumption

4.6 SRS+PUSCH
Summary: Few contributions have discussed this issue and the following solutions are proposed. 
· 1: NW configuration should ensure the same spatial-relation QCL assumption
· 2: Prioritization of PUCCH: spatial-relation assumption is based on PUCCH

4.7 PRACH+SRS/PUSCH/PUCCH
Summary: Few contributions have discussed this issue and proposed to consider this as error-case. Note that it is not clear whether this multiplexing is allowed.
· 1: Prioritization: PRACH > PUCCH > PUSCH > SRS

References
[1] Chairman Notes RAN1 #92 meeting


9/9
