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1	Introduction
The issue of simultaneous transmission and reception of different channels and reference signals in FR2 has been discussed at several RAN1 meetings. The following have been concluded:
Agreement (RAN1 #94)
RAN1 expects that UE behavior for receiving the following combinations will be clarified in RAN4
· SSB-RRM/SSB-RLM/SSB-BFD/SSB-L1-RSRP in combination with PDSCH/PDCCH
· (CSI-RS RLM, CSI-RS RRM, CSIRS-BFD) in combination with (SSB SSB-RRM/SSB-RLM/SSB-BFD/SSB-L1-RSRP)
· (CSIRS-RRM, CSIRS-L1-RSRP-Rep-OFF) in combination with PDSCH
· Immediate RAN1 actions are not needed. RAN1 may discuss if needed following RAN4 decisions.
Send an LS to RAN4 (Bishwarup to draft LS)
Agreement (RAN1 #93)
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

Conclusion from RAN1#92b:
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.

The following agreement from RAN4 #87 are also applicable:
Agreements (aspects concerning different numerology have been omitted):
1. RAN4 defines requirements regarding scheduling availability during SSB based L3 measurement, SSB based RLM, CSI-RS based RLM, SSB based L1-RSRP measurement, CSI-RS based L1-RSRP measurement, SSB based beam failure detection and CSI-RS based beam failure detection in Rel-15.
0. RAN4 also defines requirements regarding scheduling availability during CSI-RS based L3 measurement if RRM requirements for CSI-RS based L3 measurement are defined in Rel-15.
1. [bookmark: _Hlk525717963]For requirements regarding scheduling availability during SSB based RLM, CSI-RS based RLM, SSB based L1-RSRP measurement, CSI-RS based L1-RSRP measurement, SSB based beam failure detection and CSI-RS based beam failure detection, scheduling restriction due to those procedures is not applied to any other symbols than RS symbols to be monitored.
1. Scheduling restriction due to Rx beamforming aspect is applied during CSI-RS based L1-RSRP measurement on FR2 serving cell when repetition of CSI-RS resource set is on.
1. When UE performs RLM, BFD and/or L1-RSRP measurement on FR1 serving cell, same scheduling restriction applies to all serving cells in the same band and no scheduling restriction applies to all serving cells in the different band in FR1 and FR2.
1. When UE performs RLM, BFD and/or L1-RSRP measurement on FR2 serving cell, same scheduling restriction applies to all serving cells in the same band and no scheduling restriction applies to all serving cells in FR1.
1. When UE performs SSB based L1-RSRP measurement in FR2, 
5. scheduling restriction applies to RS symbols to be monitored

The discussion about simultaneous reception/transmission of several channels/signals originates from the fact that analog receivers will be common in first implementations of UEs and gNBs for FR2. For FR1, there is no such issue: with digital receivers, the UE can receive signals from many directions at the same time. The discussion in this contribution is related only to FR2. All the proposals in the contribution are relevant only to FR2.
In this contribution, we discuss the most important combinations of signals to be simultaneously received, with the hope to agree on these combinations first.
[bookmark: _Ref178064866]2	Discussion
The discussion about simultaneous reception/transmission of several channels/signals originates from the fact that analog receivers will be common in first implementations of UEs and gNBs for FR2. For such implementations, the receiver will apply spatial filtering before the signal is demodulated. Hence, a second signal impinging from a direction outside the main lobe of the receive antenna receiving the first signal may be severely attenuated, which is sometimes described as “the UE cannot receive the two signals simultaneously”. This is an undesirable situation, which should be avoided, and a reasonable NW may in most cases not schedule combinations of signals or channels that the UE cannot receive, irrespective of what the standard says. This is a very important point to note: under normal circumstances, the NW would not schedule two signals that the UE cannot be expected to receive simultaneously. 
To determine its Rx beam, the UE relies on QCL indications type D of transmitted signals. If there is a QCL type D relationship between a source RS (RSA) and a target RS (RSB), the UE can receive RSB with the same Rx beam it used to receive RSA. Here, it is important to note that there is typically a many-to-one relation between the source RSs in the QCL type D indication and a given Rx beam, i.e., the same Rx beam is typically used for signals with different source RSs:
[bookmark: _Toc510816127][bookmark: _Toc513549320][bookmark: _Toc513626383][bookmark: _Toc520376252][bookmark: _Toc525928664]One Rx beam is often used for different Tx beams, i.e., for different QCL indications.
We also note that the QCL indications are a service to the UE. How the UE uses that is really up to the UE. In fact, the UE is not at all required to use the QCL indication. 
2.1	Downlink
2.1.1	Combinations involving RAN4 work
In the agreement from RAN1#94, it was clarified that RAN1 expects RAN4 to handle many of the channel/signal combinations that have been discussed also in RAN1. This is quite helpful, since it leads to a more focused discussion in RAN1.
In the agreement, RAN1 has described what classes of combination would be relevant. Some of these combinations include PDCCH/PDSCH, and in this case, RAN4 may define scheduling restrictions, as mentioned in the RAN4 agreement from RAN4 #87. Other combinations involve pairs of RSs used for measurement purposes. Here, it is assumed that RAN4 will introduce adequate relaxations of the relevant requirements.
RAN4 has stated that requirements will be defined regarding scheduling availability for SSB/CSI-RS for L3 measurements, L1-RSRP measurements and RLM/beam failure detection. RAN4 also agreed that any potential scheduling restrictions only apply to symbols to be monitored. We thus note
· For symbols that are not to be monitored, there are no scheduling restrictions: the PDSCH can be freely scheduled, and the QCL properties of the PDSCH can be different than those of the corresponding SSB/CSI-RS.
· So far, RAN4 has only agreed that scheduling restrictions apply for symbols to be monitored for SSB-based L1-RSRP measurements, and for measurements on CSI-RS resource sets with repetition ‘ON’.
If RAN4 agrees that the UE cannot be expected to receive PDSCH at all in certain symbols, our view is that if the scheduling restriction only applies to a small part of the slot, e.g., a single symbol, a special rate matching pattern should be designed:
[bookmark: _Toc521671240][bookmark: _Toc525928665]In case RAN4 agrees on scheduling restrictions that cover only a small part of the slot, RAN1 should agree on special rate matching patterns for such slots. 
Since both the NW and the UE are aware of the scheduling restriction, the UE may apply the rate matching pattern without any dedicated signaling from the NW. 
One issue that can be resolved in RAN1 is the definition of “symbols to be monitored”, which has been introduced in the RAN4 discussions. The symbols the UE would have to monitor is different for the different purposes:
SSB-based L1-RSRP measurement: The UE is configured to perform L1-RSRP on SSB via fields in the RRC parameter CSI-ResourceConfig. All the symbols in all the SSBs configured in CSI-ResourceConfig would constitute “symbols to be measured”.
CSI-RS-based L1-RSRP measurement: The UE is configured to perform L1-RSRP on CSI-RS via fields in the RRC parameter CSI-ResourceConfig. The single symbol in each of the CSI-RS resources configured in CSI-ResourceConfig would constitute “symbols to be measured”.
SSB-based L3 measurement: As previously agreed in RAN1, the SSBs inside the SMTC window would constitute the “symbols to be measured”
CSI-RS-based L3 measurement: As each UE is configured with the measurement resources for CSI-RS-based L3 measurement using the RRC parameter CSI-RS-ResourceConfigMobility, all the corresponding symbols would constitute symbols to be measured.
Summing up, we propose:
[bookmark: _Toc521671242][bookmark: _Toc525928666]For L1-RSRP measurements, the symbols to be monitored are the symbols of the measurement resources defined in the fields of the RRC parameter CSI-ResourceConfig.
[bookmark: _Toc521671243][bookmark: _Toc525928667]For SSB-based L3 measurements, the symbols to be measured are all the symbols in the SSBs in the SMTC window.
[bookmark: _Toc521671244][bookmark: _Toc525928668]For CSI-RS-based L3 measurements, the symbols to be measured are all the CSI-RS resources configured using the RRC parameter CSI-RS-ResourceConfigMobility.


2.1.2	PDSCH+CSI-RS – remaining cases
CSI-RS can be used for many things in NR:
1. CSI acquisition (including CSI-IM)
2. L1-RSRP reporting 
3. Time-frequency tracking (CSI-RS for tracking)
4. Beam management – adjust Rx beam, i.e., the ‘P3’ procedure
5. Radio link monitoring
6. Beam failure detection
7. L3 measurements
In section 2.1.1, we have discussed 2, 4, 5, 6 and 7: RAN1 needs to await RAN4 decisions. For the remaining cases, RAN4 will not provide any guidance, and RAN1 should agree on the rules.
2.1.2.1	CSI acquisition: 
The CSI-RS RE pattern was designed to enable frequency multiplexing with data. Maintaining this possibility also for FR2 is quite important. Applying scheduling restrictions for CSI-RS for CSI acquisition should be avoided. 
As PDSCH relies on HARQ retransmissions, the UE may utilize a received PDSCH transmission also in cases where the Rx beam is not optimally adjusted: in particular if the alternative is to transmit nothing at all. In contrast, the value of a CSI measurement performed with a non-optimal beam is very questionable. Using the correct beam when receiving CSI-RS for CSI acquisition is thus crucial. Hence, we propose:
[bookmark: _Hlk510684081][bookmark: _Toc510684194][bookmark: _Toc510700621][bookmark: _Toc510702854][bookmark: _Toc510767712][bookmark: _Toc510773601][bookmark: _Toc510774221][bookmark: _Toc510782150][bookmark: _Toc510783459][bookmark: _Toc510783512][bookmark: _Toc510815999][bookmark: _Toc510816130][bookmark: _Toc513549324][bookmark: _Toc513626412][bookmark: _Toc521671246][bookmark: _Toc525928669]If the QCL Type D assumptions for a CSI-RS for CSI acquisition and PDSCH differ, the UE shall use the QCL assumption for CSI-RS also when demodulating PDSCH.
2.1.2.2	CSI-RS for tracking
The argument regarding PDSCH is relevant also when considering CSI-RS for tracking: it may be useful to receive the PDSCH also in cases where the beam is not optimally adjusted. On the other hand, the UE will need to use the TRS from time to time to adjust its receiver: otherwise, PDSCH performance will suffer during subsequent transmissions. However, the UE may not need to utilize every occasion of a TRS transmission. But the NW does not really have any way to determine which should be prioritized.  Hence, we propose
[bookmark: _Toc510700622][bookmark: _Toc510702855][bookmark: _Toc510767713][bookmark: _Toc510773602][bookmark: _Toc510774222][bookmark: _Toc510782151][bookmark: _Toc510783460][bookmark: _Toc510783513][bookmark: _Toc510816000][bookmark: _Toc510816131][bookmark: _Toc513549325][bookmark: _Toc513626413][bookmark: _Toc521671247][bookmark: _Toc525928670]The UE may receive PDSCH at the same time as it receives a CSI-RS for tracking, and the Rx beam selection is up to the UE.
2.1.3	PDCCH + PDSCH
PDCCH and PDSCH may occur in the same symbols. Usually, the PDCCH is considered more important, so if the NW has configured a search space with monitoring occasions within a slot where PDSCH can be mapped, the UE should use the QCL assumption for the CORESET associated with that search space:
[bookmark: _Ref510696820][bookmark: _Toc510700624][bookmark: _Toc510702857][bookmark: _Toc510767715][bookmark: _Toc510773604][bookmark: _Toc510774224][bookmark: _Toc510782153][bookmark: _Toc510783462][bookmark: _Toc510783515][bookmark: _Toc510816002][bookmark: _Toc510816133][bookmark: _Toc513549327][bookmark: _Toc513626415][bookmark: _Toc521671248][bookmark: _Toc525928671]If the monitoring occasions for a search space coincide with a scheduled PDSCH, the UE should apply the QCL Type D assumptions for the associated CORESET for that search space.
Hence, we propose to prioritize PDCCH over PDSCH. Note that the UE will apply the QCL assumption of the CORESET even if the PDCCH is not transmitted: as soon as there is a monitoring occasion, the UE would apply the corresponding QCL assumption.
Note that the UE would apply the QCL assumptions of the PDSCH in the part of the slot where the PDSCH and the PDCCH does not overlap. This will imply that the UE may use different Rx beams for different symbols in the PDSCH. This is unfortunate, but it is the only way to allow different beams for PDCCH and PDSCH: otherwise, the flexibility of using different beams for PDCCH and PDSCH is completely lost. 
Proposal 7 applies both to same and different CCs.
 2.1.4	PDCCH + PDCCH
A UE may be configured to monitor search spaces associated with different CORESETs. If two search spaces with CORESETs with different QCL assumptions coincide, the UE must decide which QCL assumption to apply. It should be noted that overlapping monitoring occasions may be rather likely: the UE will be configured to monitor search space0/CORESET 0, with a certain periodicity, and probably also with UE-specific search space(s) in every slot.
In this case, the UE should prioritize the UE-specific search spaces over the common search spaces. 
[bookmark: _Ref510700327][bookmark: _Toc510700625][bookmark: _Toc510702858][bookmark: _Toc510767716][bookmark: _Toc510773605][bookmark: _Toc510774225][bookmark: _Toc510782154][bookmark: _Toc510783463][bookmark: _Toc510783516][bookmark: _Toc510816003][bookmark: _Toc510816134][bookmark: _Toc513549328][bookmark: _Toc513626416][bookmark: _Toc521671249][bookmark: _Toc525928672]If the monitoring occasions for two search spaces coincide, the UE may apply the QCL assumptions for the CORESET associated with a UE-specific search space.
Proposal 8 applies both to same and different CCs.
2.2	Uplink
In the UL, it may be so that the configured spatial relation for two signals that are simultaneously transmitted are different. In this case, the UE behaviour must be defined. Still, it is desirable not to introduce restrictions on NW behaviour in the standard.
2.2.1	PUCCH + PUCCH
If the UE transmits multiple PUCCHs in different carriers at the same time, the UE should apply the spatial relation based on a priority rule based on the scheduling mechanism. The more dynamic the scheduling mechanism, the more resource consuming for the NW, and hence, the more important the PUCCH content.
[bookmark: _Ref525738815][bookmark: _Toc525928673]If the spatial relations for multiple simultaneously transmitted PUCCH differ, the UE should use the spatial relation of the most dynamically scheduled PUCCH. 
Proposal 9 means that an aperiodic PUCCH is prioritized over a semi-persistent PUCCH, which in turn is prioritized over a periodic PUCCH transmission.
2.2.2	SRS + SRS
The NW schedules SRS to perform measurements, which are subsequently used for, e.g., scheduling decisions. The SRS differ in their scheduling mechanism: aperiodic, semi-persistent or periodic. The more dynamic the scheduling mechanism, the more resource consuming for the NW, and hence, the more important the SRS. So, for this case, we propose that the UE uses the spatial relation of the most dynamically scheduled SRS:
[bookmark: _Ref510781709][bookmark: _Toc510782167][bookmark: _Toc510783476][bookmark: _Toc510783529][bookmark: _Toc510816016][bookmark: _Toc510816147][bookmark: _Toc513549330][bookmark: _Toc513626418][bookmark: _Toc521671251][bookmark: _Toc525928674]If the spatial relations for multiple simultaneously transmitted SRS differ, the UE should use the spatial relation of the most dynamically scheduled SRS.
Proposal 10 means that an aperiodic SRS is prioritized over a semi-persistent SRS, which in turn is prioritized over a periodic SRS transmission.
Conclusion
In the previous sections we made the following observations: 
Observation 1	One Rx beam is often used for different Tx beams, i.e., for different QCL indications.
Based on the discussion in the previous sections we propose the following:
Proposal 1	In case RAN4 agrees on scheduling restrictions that cover only a small part of the slot, RAN1 should agree on special rate matching patterns for such slots.
Proposal 2	For L1-RSRP measurements, the symbols to be monitored are the symbols of the measurement resources defined in the fields of the RRC parameter CSI-ResourceConfig.
Proposal 3	For SSB-based L3 measurements, the symbols to be measured are all the symbols in the SSBs in the SMTC window.
Proposal 4	For CSI-RS-based L3 measurements, the symbols to be measured are all the CSI-RS resources configured using the RRC parameter CSI-RS-ResourceConfigMobility.
Proposal 5	If the QCL Type D assumptions for a CSI-RS for CSI acquisition and PDSCH differ, the UE shall use the QCL assumption for CSI-RS also when demodulating PDSCH.
Proposal 6	The UE may receive PDSCH at the same time as it receives a CSI-RS for tracking, and the Rx beam selection is up to the UE.
Proposal 7	If the monitoring occasions for a search space coincide with a scheduled PDSCH, the UE should apply the QCL Type D assumptions for the associated CORESET for that search space.
Proposal 8	If the monitoring occasions for two search spaces coincide, the UE may apply the QCL assumptions for the CORESET associated with a UE-specific search space.
Proposal 9	If the spatial relations for multiple simultaneously transmitted PUCCH differ, the UE should use the spatial relation of the most dynamically scheduled PUCCH.
Proposal 10	If the spatial relations for multiple simultaneously transmitted SRS differ, the UE should use the spatial relation of the most dynamically scheduled SRS.
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