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1.	Introduction
In this contribution, based on agreements of RAN1-92 to RAN1-93 meeting [1, 2], simultaneous reception of multiplexed DL physical channels and reference signals for NR Rel-15 is considered. 
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.
 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


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
1. NW configuration should ensure spatial QCL
a. UE is required to decode PDSCH that is overlapping with one or more symbols configured with CSI-RS with repetition=ON
b. Note: The UE is not expected to perform Rx beam refinement on CSIRS symbols configured with CSI-RS with repetition=ON
2. NW configuration should ensure spatial QCL
a. 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
i. DMRS should not be affected by rate matching
3. NW configuration should ensure spatial QCL
a. UE is not expected to receive PDSCH that is overlapping with one or more symbols configured with CSI-RS with repetition=ON
i. 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

2.	On Simultaneous Reception of Physical Channels and Reference Signals
In this section, a simultaneous reception of the following combinations of physical channels and reference signals are discussed:
· SSB + PDSCH
· SSB + CSI-RS
· PDSCH + CSI-RS 

2.1 SSB + PDSCH
Regarding to the simultaneous reception of SSB and PDSCH with different or same intra-band CCs within SMTC window, the use of QCL-type D reception rule of SSB with PDSCH and its DMRS can be not applied at UE-side. The reason for this is a need to support SSB based mobility measurements from neighbouring cells. 
In RAN4-AH#1, the following agreement was made within a SMTC window which is not overlapped with measurement gap in CA case: In FR2 intra-frequency SS-RSRP/SINR measurements for intra-band CA, in each serving cell, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured, X symbol(s) before each consecutive SSB symbols and X symbol(s) after each consecutive SSB symbols for any one of intra-frequency measurements.
According to above RAN4 agreement, PDSCH and its related DMRS and SSB being with different intra-band CCs can be multiplexing into a same OFDM symbols. However, UE is not to be able to receive PDSCH as well as its related DMRS X symbols before and after SSB symbols. From the perspective of UE, it remains unclear what UE procedure, i.e. rate matching or puncturing needs to applied. 
Observation 1: In RAN4-AH1 meeting the following agreement has been made: Within a SMTC window which is not overlapped with measurement gap in CA case:
· In FR2 intra-frequency SS-RSRP/SINR measurements for intra-band CA, in each serving cell, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured, X symbol(s) before each consecutive SSB symbols and X symbol(s) after each consecutive SSB symbols for any one of intra-frequency measurements.
 
Observation 2: In case of intra-band CA, when PDSCH and SSB being with same or different CCs are multiplexed into a same OFDM symbols within SMTC window, it remains unclear what UE procedure, i.e rate matching or puncturing, needs to be applied.   

For a UE, a SS/PBCH block measurement timing configuration (SMTC) shall be setup by RRC, and it is specified for indicating the periodicity and duration of UE’s measurement. And, it is specified that the UE shall not consider SS/PBCH block transmission in subframes outside the SMTC occasion for L3-measurements for RRM. Thus, at least slots outside SMTC occasion should be used for other signals like PDSCH and CSI-RS. 
Related to discussion on the simultaneous reception of SSB and PDSCH with different or same intra-band CCs inside and outside of SMTC window, the aspects of beam failure detection need to be considered. As high-level rule UE determines if any failure condition has been fulfilled i.e. UE has either detected a problem in radio link (beam failure detected) or already declared a beam failure. Such failure condition includes the beam failure detection and/or radio link problem detection. Thus, we divide the prioritization into two high level cases taking into account the radio link condition to define how UE considers measurements inside and outside SMTC window. 
Link problem/failure condition applies:  
· When UE has determined that beam failure instance has been indicated to higher layer or a beam failure has been declared by the higher layer (MAC) 
· Both inside and outside the SMTC window configured for RRM measurements; UE prioritizes the measurement for new candidate beams for beam recovery before any other signals or channels, including reception /transmission of PDxCH inside and outside SMTC window 
· For the candidate beam measurements UE prioritizes the signals that are associated with contention free signals for beam recovery over the signals associated contention based signals.  
Proposal 1: At least for cases outside SMTC window with SSB-RRM and PDSCH for non-CA and CA cases when no failure condition is applied:
· The UE shall prioritize the reception of PDSCH over SSB measurement. 
· The UE is not expected to perform RX beam refinement on SSB locations (RX beam refinement may be associated with BM, RLM or BFD)
· The above applies to the case with same and different numerologies for SSB and PDSCH.

Proposal 2: RAN1 should agree on UE procedure, i.e. rate matching or puncturing, to be applied when PDSCH and SSB being with same or different CCs are multiplexed into a same OFDM symbols within SMTC window.
Proposal 3: When UE has detected link problem/declared beam failure, it first prioritizes the candidate beam measurements for beam recovery inside and outside SMTC window before any other signals or channels it is not able to receive simultaneously.  
2.2 SSB + CSI-RS
From the perspective of specification TS 38.214, there should not be any difference for simultaneous reception of SSB and CSI-RS resources in the same OFDM symbol whether CSI-RS is dedicated for beam management or CSI-RS acquisition or time-frequency tracking purpose. For UE operating on FR2 equipped with a single RX antenna panel, spatial QCL assumption between CSI-RS and SSB resources should be sufficient to enable the simultaneous reception of SSB and CSI-RS.
Related to the simultaneous reception of SSB and CSI-RS for L3 mobility, a spatial QCL assumption between SSB and CSI-RS resources for L3-mobility does not necessarily always hold. Therefore, the simultaneous reception of SSB and CSI-RS for mobility can not be guaranteed. To clarify further this aspect, RAN4 needs to discuss further CSI-RS based L3-mobility support.    
Observation 3: Spatial QCL assumption between SSB and CSI-RS resources for L3-mobilty does not necessarily always hold. Therefore, the simultaneous reception of SSB and CSI-RS for mobility can not be guaranteed for UE equipped with a single RX antenna panel.  
Proposal 4: Irrespective of the purpose for CSI-RS, i.e. beam management or CSI-RS acquisition or time-frequency tracking, the specification TS 38.214 should not make any difference for the simultaneous reception of SSB and CSI-RS in the same OFDM symbols. 
Proposal 5: RAN4 needs to clarify further CSI-RS based L3-mobility support. 

2.3 PDSCH + CSI-RS
The current version of the specification TS 38.214 allows to multiplex in frequency domain PDSCH with NZP CSI-RS into same OFDM symbols without any specific constraints. To support a simultaneous reception of PDSCH and its related DMRS and NZP-CSI-RS in the same OFDM symbols for UEs operating on FR2 equipped with single RX panel, a straightforward way is to configure resources of DMRS related to PDSCH and CSI-RS to be spatially QCL:ed with each others. 
Depending on resource settings for different CSI-RS types i.e. beam management, CSI acquisition, time-frequency tracking and L3-mobility differences for simultaneous reception capability in the same symbols can be observed at UE-side. When CSI-RS set is configured for the beam management, gNB’s TX beam sweeping or UE RX beam sweeping can be supported by the value of repetition information element, i.e. OFF/ON, CSI-RS resources within the set. When the value of repetition set to ‘OFF’, UE can receive simultaneous PDSCH and CSI-RS in the same symbols if the DMRS resources of PDSCH are spatially QCL:ed with each CSI-RS resource in the CSI-RS set. If the value of repetition set to ‘ON’ UE RX beam sweeping is performed and the simultaneous reception of PDSCH and CSI-RS can not be guaranteed in the same symbols.
The simultaneous reception of PDSCH and CSI-RS for time-frequency tracking can be enable if DMRS resources of PDSCH are spatially QCL:ed with CSI-RS resources within the CSI-RS set for time-frequency tracking.
Due to CSI-RS based L3-mobility measurements from neighbouring cells , the simultaneous reception of PDSCH/DMRS and CSI-RS for L3-bil can not be guaranteed with UE equipped with single RX panel. To clarify further this aspect, RAN4 needs to discuss further CSI-RS based L3-mobility support.    
Observation 4: Depending on resource settings for different CSI-RS types i.e. beam management, CSI acquisition and time-frequency tracking and L3 mobility differences for simultaneous reception capability in the same symbols can be observed at UE-side.
Proposal 6: UE should prioritize PDSCH reception over BM RS (CSI-RS (when value of repetition set to OFF)/SSB) based measurements outside of SMTC window when no failure condition is applied.
Proposal 7: When the value of repetition related to CSI-RS is set ON, UE is allowed to prioritize BM measurements (SSB and CSI-RS measurement) over PDSCH. 
In principal, it is also possible configure multiple different CSI-RS types with their resources into the same symbols with PDSCH. As discussed in the text above, for UE with single RX panel, whether different CSI-RS resources are spatially QCL:ed with DMRS resources of PDSCH or not, defines simultaneous reception capability of UE. Additionally, to enable the simultaneous reception of PDSCH and CSI-RS in the same symbols with reasonable computational at UE-side, a reception priority between different CSI-RS types may need to defined. 
Observation 5: To enable the simultaneous reception of PDSCH and CSI-RS in the same symbols with reasonable computational complexity at UE-side, a reception priority between different CSI-RS types may need to defined.

2.4 CORESET + CSI-RS
During RAN1 #93, we have made agreements as shown in below, and there is a remaining discussion.
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


For the case of CSI-RS is not configured with spatial QCL parameters, we don’t necessary define new QCL relation regardless of which signal is being received simultaneously. This is a part of UE implementation. 

Proposal 8: No further definition of UE behavior is required for the case of CSI-RS not configured with spatial QCL overlapping with PDCCH on an OFDM symbol.

2.5. CORESET + PDSCH
For the case that PDSCH and CORESET are to be received simultaneous but spatial RX is configured and is different between the two channels, the easiest way is to prioritize CORESET and send NACK to the network if PDSCH is not received. However, it is not efficient when considering the potential loss. In fact, CORESET is just a potential occasion for PDCCH reception while PDSCH has been already confirmed. 
In addition, the cost for missing one of them are almost the same, because they may result in the retransmission. But, missing CORESET is not always followed by the retransmission because it doesn’t mean PDCCH is being transmitted.  
Thus, we are supporting to prioritize PDSCH over CORESET. Regarding to the scheduling offset, we don’t see any big difference but possible to be discussed.
Proposal 9: Reception of PDSCH is prioritized over CORESET when CORESET and PDSCH are received simultaneously but not QCLed with QCL-typeD.

3	Conclusions
In this contribution, different aspects of simultaneous reception of multiplexed DL physical channels and reference signals for NR Rel-15 have been considered.
Based on the discussions, the following observations have been made:
Observation 1: In RAN4-AH1 meeting the following agreement has been made: Within a SMTC window which is not overlapped with measurement gap in CA case:
· In FR2 intra-frequency SS-RSRP/SINR measurements for intra-band CA, in each serving cell, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured, X symbol(s) before each consecutive SSB symbols and X symbol(s) after each consecutive SSB symbols for any one of intra-frequency measurements.
 
Observation 2: In case of intra-band CA, when PDSCH and SSB being with same or different CCs are multiplexed into a same OFDM symbols within SMTC window, it remains unclear what UE procedure, i.e rate matching or puncturing, needs to applied.  
Observation 3: Spatial QCL assumption between SSB and CSI-RS resources for L3-mobilty does not necessarily always hold. Therefore, the simultaneous reception of SSB and CSI-RS for mobility can not be guaranteed for UE equipped with a single RX antenna panel.   
Observation 4: Depending on resource settings for different CSI-RS types i.e. beam management, CSI acquisition and time-frequency tracking and L3 mobility differences for simultaneous reception capability in the same symbols can be observed at UE-side.
Observation 5: To enable the simultaneous reception of PDSCH and CSI-RS in the same symbols with reasonable computational complexity at UE-side, a reception priority between different CSI-RS types may need to defined.
Based on the discussions, the following proposals have been made:
Proposal 1: At least for cases outside SMTC window with SSB-RRM and PDSCH for non-CA and CA cases when no failure condition is applied:
· The UE shall prioritize the reception of PDSCH over SSB measurement. 
· The UE is not expected to perform RX beam refinement on SSB locations (RX beam refinement may be associated with BM, RLM or BFD)
· The above applies to the case with same and different numerologies for SSB and PDSCH.

Proposal 2: RAN1 should agree on UE procedure, i.e. rate matching or puncturing, to be applied when PDSCH and SSB being with same or different CCs are multiplexed into a same OFDM symbols within SMTC window.   
Proposal 3: When UE has detected link problem/declared beam failure, it first prioritizes the candidate beam measurements for beam recovery inside and outside SMTC window before any other signals or channels it is not able to receive simultaneously.  
Proposal 4: Irrespective of the purpose for CSI-RS, i.e. beam management or CSI-RS acquisition or time-frequency tracking, the specification TS 38.214 should not make any difference for the simultaneous reception of SSB and CSI-RS in the same OFDM symbols. 
Proposal 5: RAN4 needs to clarify further CSI-RS L3-mobility support. 
Proposal 6: UE should priorize PDSCH reception over BM RS (CSI-RS (when value of repetition set to OFF)/SSB) based measurements outside of SMTC window when no failure condition is applied.
Proposal 7: When the value of repetition related to CSI-RS is set ON, UE is allowed to priorize BM measurements (SSB and CSI-RS measurement) over PDSCH. 
Proposal 8: No further definition of UE behavior is required for the case of CSI-RS not configured with spatial QCL overlapping with PDCCH on an OFDM symbol.
Proposal 9: Reception of PDSCH is prioritized over CORESET when CORESET and PDSCH are received simultaneously but not QCLed with QCL-typeD.
References 
[1] [bookmark: _Hlk490150935][bookmark: _Hlk490166110]RAN1 Chairman’s Notes”, 3GPP TSG RAN WG1 Meeting 92-bis, Sanya, China.
[2] RAN1 Chairman’s Notes”, 3GPP TSG RAN WG1 Meeting 93, Busan, Korea

6

