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1.	Introduction
In this contribution, based on agreements of RAN1-92 meeting [1], simultaneous reception of multiplexed DL physical channels and reference signals for NR Rel-15 is considered.  
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 applied.   
Proposal 1: 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.   
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 2: 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 3: 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. It 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.
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.
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: 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 2: 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 3: RAN4 needs to clarify further CSI-RS L3-mobility support. 
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