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Introduction
According to [1], RAN1 is to discuss several combinations of physical channels and reference signals for simultaneous reception/transmission assuming FR2 operation and several possible solutions have been mentioned as follows.
· 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
Further, in [2], some progress in RAN4 have been made as follows:
· [bookmark: OLE_LINK40][bookmark: OLE_LINK41]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.
· 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.
· 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.
· When UE performs SSB based L1-RSRP measurement in FR2, 
· scheduling restriction applies to RS symbols to be monitored
· Scheduling restriction due to different numerology aspect does not need to be defined for CSI-RS based RLM, BFD and L1-RSRP measurement since CSI-RS resources for RLM, BFD and/or L1-RSRP measurement are configured per BWP and SCS of CSI-RS resources is the SCS of corresponding BWP.
· When UE performs SSB based RLM, CSI-RS based RLM, SSB-based BFD or CSI-RS based BFD in FR2, 
· Scheduling restriction applies to RS symbols to be monitored, except for RMSI PDCCH/PDSCH and PDCCH/PDSCH which is not required to receive by RRC_connected state.
· FFS whether or not scheduling restriction applies to other serving cells in the same band in case of intra-band CA
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 this paper, we provide our views on this issue.

[bookmark: _GoBack]Handling of simultaneous reception and transmission
[bookmark: OLE_LINK54]Overhead due to scheduling restriction
The scheduling restriction brings some ambiguities on the gNB’s scheduler as well as on the UE behavior. In the case of slot-based scheduling, does this scheduling restriction mean that no PDSCH transmission is allowed in the slots carrying SSBs? If it was true, the system capacity is heavily degraded due to this scheduling restriction. The following tables do a simple calculation to show that if no PDSCH transmission is allowed in the slots carrying SSB for L1-RSRP measurement, the occupied percentage of resources in time domain, which are not available for PDSCH transmission. 
Table 1 60kHz SCS for PDSCH and 120kHz SCS for SSB 
	SSB periodicity (ms)
	# of slots per SSB periodicity
	Overhead from 64 SSBs (16 slots)
	Overhead from 48 SSBs (12 slots)
	Overhead from 32 SSBs (8 slots)

	5
	20
	0.8
	0.6
	0.4

	10
	40
	0.4
	0.3
	0.2

	20
	80
	0.2
	0.15
	0.1

	40
	160
	0.1
	0.075
	0.05

	80
	320
	0.05
	0.0375
	0.025



Table 2 120kHz SCS for PDSCH and 120kHz SCS for SSB 
	SSB periodicity (ms)
	# of slots per SSB periodicity
	Overhead from 64 SSBs (32 slots)
	Overhead from 48 SSBs (24 slots)
	Overhead from 32 SSBs (16 slots)

	5
	40
	0.8
	0.6
	0.4

	10
	80
	0.4
	0.3
	0.2

	20
	160
	0.2
	0.15
	0.1

	40
	320
	0.1
	0.075
	0.05

	80
	640
	0.05
	0.0375
	0.025



Table 3 120kHz SCS for PDSCH and 240kHz SCS for SSB 
	SSB periodicity (ms)
	# of slots per SSB periodicity
	Overhead from 64 SSBs (16 slots)
	Overhead from 48 SSBs (12 slots)
	Overhead from 32 SSBs (8 slots)

	5
	40
	0.4
	0.3
	0.2

	10
	80
	0.2
	0.15
	0.1

	20
	160
	0.1
	0.075
	0.05

	40
	320
	0.05
	0.0375
	0.025

	80
	640
	0.025
	0.01875
	0.0125



Here, we assume that all 64, 48 and 32 SSB are configured for L1-RSRP measurement (then there will be no RRC reconfiguration for intra-cell beam switching) and the numerologies including 120 kHz and 240 kHz SCS.  Relaxing this type of scheduling restriction is necessary to have a reasonable system capacity. If this RAN4 scheduling restriction means that only no PDSCH transmission is allowed in the symbols carrying SSBs, i.e., symbol-level rate matching around SSB symbols, the overhead is reduced as shown in the following Table 4 to Table 6.
Table 4 60kHz SCS for PDSCH and 120kHz SCS for SSB 
	SSB periodicity (ms)
	# of symbols per SSB periodicity
	Overhead from 64 SSBs (128 symbols)
	Overhead from 48 SSBs (96 symbols)
	Overhead from 32 SSBs (64 symbols)

	5
	280
	0.46
	0.34
	0.22

	10
	560
	0.23
	0.17
	0.11

	20
	1120
	0.11
	0.09
	0.06

	40
	2240
	0.06
	0.04
	0.03

	80
	4480
	0.03
	0.02
	0.01



 Table 5 120kHz SCS for PDSCH and 120kHz SCS for SSB 
	SSB periodicity (ms)
	# of symbols per SSB periodicity
	Overhead from 64 SSBs (256 symbols)
	Overhead from 48 SSBs (192 symbols)
	Overhead from 32 SSBs (128 symbols)

	5
	560
	0.46
	0.34
	0.22

	10
	1120
	0.23
	0.17
	0.11

	20
	2240
	0.11
	0.09
	0.06

	40
	4480
	0.06
	0.04
	0.03

	80
	8960
	0.03
	0.02
	0.01



Table 6 120kHz SCS for PDSCH and 240kHz SCS for SSB 
	SSB periodicity (ms)
	# of symbols per SSB periodicity
	Overhead from 64 SSBs (128 symbols)
	Overhead from 48 SSBs (96 symbols)
	Overhead from 32 SSBs (64 symbols)

	5
	560
	0.22
	0.18
	0.12

	10
	1120
	0.11
	0.09
	0.06

	20
	2240
	0.06
	0.04
	0.03

	40
	4480
	0.03
	0.02
	0.01

	80
	8960
	0.01
	0.01
	0.01


Since symbol-level rate matching is described in RAN1 spec as ’not available for PDSCH’, thus, we propose to clarify the scheduling restriction as follows.
Proposal 1: Clarify that scheduling restriction due to the simultaneous RX beamforming means that UE assumes the resource elements on symbols carrying {SSB for RLM, BFD, L1-RSRP measurement, and CSI-RS for L1-RSRP measurement with repetition ‘on’} are ‘not available for PDSCH’. There is no further restrictions for gNB to schedule PDSCH in the slots carrying these signals.
Based on the above discussion, it can be found that pure scheduling restriction for simultaneous Tx/Rx will bring serious overhead and very bad resource utilization efficiency. Thereby, we further suggest other simultaneous Tx/Rx schemes (i.e. no\relaxed scheduling restriction) should be considered, e.g., a default QCL determination design based on priority order, the details are given in section 2.2.
To further relax the restriction, to save more resource for data transmission, let us have a close look at the functionalities of SSB based L1-RSRP measurement. It was noted that there are two different types of measurement behaviors. One is that if ReportQuantity is configured as “no report”, UE sweeps its Rx beam during the SSB to find a best Rx beam, in this case, no PDSCH should be allowed to be transmitted on those SSB symbols. The other is that if ReportQuantity is configured as “ssb index-rsrp”, UE fixes its Rx beam during SSB period, in this case, PDSCH can be FDMed with SSBs and UE can use the same RX beamforming to receive both of them. 
Thus we propose to further relax the scheduling restriction as follows:
Proposal2: For SSB based L1-RSRP measurement, scheduling restriction due to the simultaneous RX beamforming is applied during SSB only when the ReportQuantity is configured as “no report”.
Discussion on default QCL assumption for simultaneous Tx/Rx
In this section, we discuss the prioritization design in general. In NR, different numerologies can be configured for different CCs. Thereby, it is possible that, in terms of time duration, one symbol in CC x corresponds to several symbols in CC y, as shown in figure 1. The question is: if different QCL assumptions are applied for PDCCH on CC0@60KHz and PDCCH on CC1@120KHz, which QCL should be assumed? If the CC with a larger SCS is prioritized (i.e., CC1 has priority over CC0 in figure 1), on the first CC1 symbol @120KHz, UE shall assume beam1, on the second CC1 symbol, UE shall switch to beam0 to receive CC0 symbol since there may be PDCCH transmitted on CC1 now or there is no simultaneous reception issue. However, it is not a reasonable solution, since UE missed the first half of the CC0 symbol. Actually, the reception of PDCCH in CC0 may even be split into several parts with different QCL assumptions. 
                                                   

  

Figure 1.  Overlapping between one signal and several signals in two CCs
Considering the integrity of received signal, it is more reasonable to guarantee that the whole single symbol can be received by one QCL assumption, thus when a priority rule by SCS is considered, default QCL assumption is determined by the reception signal in the CC with the lowest SCS, i.e., with the longest symbol duration.   
When multiple CCs are configured with a same SCS, or on a single CC/BWP, the determination of default QCL assumption can be based on a predefined prioritization of the processing of one physical signal over another, considering the importance of different physical channel/signals. 
In downlink, physical channels having a broadcast nature (e.g., common PDCCH/PDSCH) come first since they may contain the most important information such as paging or system information update. Then unicast PDCCH contains the scheduling information for unicast PDSCH and/or CSI-RS and it should be certainly prioritized. Before transmission of these channels/signals, UE need to finish access first based on SSB, thereby, SSB has the highest priority when determining the default QCL assumption. 
Data channel usually carries more useful information than reference signal and its reception should be guaranteed, except for the case that a set of CSI-RS resources is scheduled for UE Rx beam refinement, for which, UE is not expected to receive PDSCH on CSI-RS symbols if the CSI-RS resource set is configured with repetition “ON”. In addition, Since CSI-RS may have multiple functionalities in NR, detailed rules can be added for different types of CSI-RS. CSI-RS for radio link quality monitoring (e.g., for RLM/beam failure detection) is to ensure that the UE is still in good connection, CSI-RS for BM is to align the directional transmission and reception, and CSI-RS for CSI acquisition is mainly based on the results of BM. Thus, it is easy to sort the order as CSI-RS for RLM/BFR > CSI-RS for BM > CSI-RS for CSI acquisition.
In the uplink, similar logic applies, i.e., control channel > data channel > reference signal. In addition, the random access channel is the one responsible for accessing the network, which should naturally come to the top priority in uplink.
To summarize, the priority order for DL/UL can be as follows: 
[bookmark: OLE_LINK24]DL:  SSB > Broadcast PDCCH/PDSCH > unicast PDCCH > unicast PDSCH > CSI-RS 
          Wherein, CSI-RS for RLM/BFR > CSI-RS for BM > CSI-RS for CSI acquisition
UL: PRACH > PUCCH > PUSCH > SRS
Wherein, SRS for BM > SRS for NCB > SRS for CB
Furthermore, when functionality type of multiple RS in different CCs is same, the time domain behavior of RS can be further considered.  Aperiodic RS is usually triggered by more urgent requirement, and SPS is followed by. Thereby, the priority order for DL/UL RS can be as follows:
[bookmark: OLE_LINK25][bookmark: OLE_LINK26] DL:  AP CSI-RS > SP CSI-RS > P CSI-RS 
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]UL: AP SRS > SP SRS > P SRS 
For PDSCH/PUSCH transmitted on two CCs, if there is no difference in numerology, RNTI type can be used to determine the priority since different RNTIs represent different types of content carried in the data channel. For example, P-RNTI/SI-RNTI/RA-RNTI indicates that scheduled data channel contains paging information/system information/RAR respectively, which are all key information for the UE to be maintained/to access the network. Moreover, the transmission scheduled in a grant free fashion is naturally prioritized.
To summarize, the priority order for RNTI of PDSCH/PUSCH is given as follows: 
PDSCH:       P-RNTI/SI-RNTI/RA-RNTI > CS-RNTI (Grant free) > C-RNTI (Grant based)
PUSCH:     CS-RNTI (Grant free) > C-RNTI (Grant based) > SP-CSI-RNTI    

In addition to the rules mentioned above, if the signal type, SCS, and RNTI is the same for channels/RSs on different CCs, the primary CC should have the higher priority.

Proposal 3: The default QCL assumption or spatial relation for multiple channel/signal(s) among multiple CCs is determined as follows:
Rule#1: SCS in increasing order;
Rule#2: Type of physical channel/signal;
· DL:  SSB > Broadcast PDCCH/PDSCH > unicast PDCCH > unicast PDSCH > CSI-RS
· CSI-RS for RLM/BFR > CSI-RS for BM > CSI-RS for CSI acquisition
· [bookmark: OLE_LINK31]AP CSI-RS > SP CSI-RS > P CSI-RS
· UL: PRACH > PUCCH > PUSCH > SRS
· SRS for BM > SRS for NCB > SRS for CB
· [bookmark: OLE_LINK32][bookmark: OLE_LINK33]AP SRS > SP SRS > P SRS
Rule#3: RNTI of DCI scheduling data channel;
· PDSCH: P-RNTI/SI-RNTI/RA-RNTI > CS-RNTI (Grant free) > C-RNTI (Grant based)
· PUSCH: CS-RNTI (Grant free) > C-RNTI (Grant based) > SP-CSI-RNTI
Rule#4: CC index in increasing order.


Summary of proposals
In this paper, we have the following observation and proposal:
Proposal 1: Clarify that scheduling restriction due to the simultaneous RX beamforming means that UE assumes the resource elements on symbols carrying {SSB for RLM, BFD, L1-RSRP measurement, and CSI-RS for L1-RSRP measurement with repetition ‘on’} are ‘not available for PDSCH’. There is no further restrictions for gNB to schedule PDSCH in the slots carrying these signals.
Proposal2: For SSB based L1-RSRP measurement, scheduling restriction due to the simultaneous RX beamforming is applied during SSB only when the ReportQuantity is configured as “no report”.
Proposal 3: The default QCL assumption or spatial relation for multiple channel/signal(s) among multiple CCs is determined as follows:
Rule#1: SCS in increasing order;
Rule#2: Type of physical channel/signal;
· DL: SSB > Broadcast PDCCH/PDSCH > unicast PDCCH > unicast PDSCH > CSI-RS
· CSI-RS for RLM/BFR > CSI-RS for BM > CSI-RS for CSI acquisition
· UL: PRACH > PUCCH > PUSCH > SRS
· SRS for BM > SRS for NCB > SRS for CB
Rule#3: RNTI of DCI scheduling data channel;
· PDSCH: P-RNTI/SI-RNTI/RA-RNTI > CS-RNTI (Grant free) > C-RNTI (Grant based)
· PUSCH: CS-RNTI (Grant free) > C-RNTI (Grant based) > SP-CSI-RNTI 
Rule#4: CC index in increasing order.
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