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1. Introduction
In RAN1 #92 meeting, the following agreements were achieved with respect to DL/UL channels/RSs reception/transmission:
Conclusion:

· 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
Agreement:
Send LS to RAN4 with regards to the power transition and possible combinations of the physical channels and reference signals.

Inform RAN4 that RAN1 has identified the following combinations of the physical channels and the reference signals that can be transmitted by the UE on different OFDM symbols in the same slot with different transmit power

· PUSCH+PUSCH

· SRS+SRS

· PUCCH+PUCCH

· PUSCH+SRS

· PUSCH+PUCCH

· PUSCH+PRACH

· SRS+PUSCH

· SRS+PUCCH

· SRS+PRACH

· PUCCH+PUSCH

· PUCCH+SRS

· PUCCH+PRACH

· PUSCH+PUCCH+PUCCH

· PUSCH+SRS+PUCCH

Inform RAN4 that RAN1 has identified the following combinations of the physical channels and the reference signals that can be transmitted by the UE on two consecutive slots with different transmit power and the PUSCH DMRS occupies the first OFDM symbol

· PUSCH+PUSCH

· PUCCH+PUSCH

· SRS+PUSCH

Inform RAN4 that for each combination different physical channels or reference signals may have different durations in the same slot

· PUSCH: 2/4/5/6/7/8/9/10/11/12/13/14 symbols

· SRS: 1/2/3/4/5/6 symbols

· PUCCH: 1/2/4/5/6/7/8/9/10/11/12/13/14 symbols

· PRACH: 2/4/6/12 symbols

Note that transmission priority may be different depending on the channel, content that physical channel is carrying and reference signal. Note that the above list might not be complete. 

Ask RAN4 to take it into account in their work. 

In this contribution, we provide our views on simultaneous transmission/reception channels/RSs and UL channels/RSs consecutive transmission with power changing based on [1][2].

2. Discussion
2.1. Simultaneous transmission/reception channels/RSs
For single-panel/single-TRP transmission in FR2, from the perspective of UE reception, some UE may not have the capability of simultanous receiving multi-beams, which may lead to reception issues. When different channels/RSs are transmitted simultaneously, the rules for multiplexing and spatial QCL assumption should be predefined, e.g. different time domain behavior, before or after scheduling offset and so on. Network side configuration should ensure that whether different channels/RSs can be simultaneous received by a UE. 
If the spatial QCL assumptions of different channels/RSs are same, they can be multiplexed in a same OFDM symbol. If the QCL assumptions of different channels/RSs are not same, the channel/RS with higher priority should be transmitted and received, and the channel/RS with lower priority should be skipped. The following rules are applied sequentially. According to these rules, the spatial QCL assumption of multiplexing different channels/RSs can be determined by a UE.

· Rule 1: aperiodic channels/RSs > periodic/semi-persistent channels/RSs

· Rule 2: if both are aperiodic channels/RSs, aperiodic channels/RSs after scheduling offset > aperiodic channels/RSs before scheduling offset

· Rule 3: if both aperiodic channels/RSs are after scheduling offset, aperiodic channels/RSs with the latest effective QCL assumptions have the higher priority

· Rule 4: channels/RSs on PCell > channels/RSs on SCell

Note: 

· CSI-RS with repetition ON could not be multiplexed with other channels/RSs (Exceptional rule).

· Aperiodic channels/RSs mentioned above may include aperiodic CSI-RS, aperiodic SRS, dynamically scheduled PDSCH, and dynamically scheduled PUSCH etc.

· Periodic/semi-persistent channels/RSs mentioned above may include SSB, periodic/semi-persistent CSI-RS, periodic/semi-persistent SRS, PDCCH, PUCCH, semi-persistent scheduled PDSCH, and semi-persistent scheduled PUSCH etc.

Proposal 1:

· From the perspective of a UE reception, if the spatial QCL assumptions of the different channels/RSs are same, these channels/RSs can be multiplexed in same OFDM symbols. If the spatial QCL assumptions of these channels/RSs are not same, the channel/RS with higher priority should be transmitted and received, and the channel/RS with lower priority should be skipped. The rules as follows are applied sequentially.
· Rule 1: aperiodic channels/RSs > periodic/semi-persistent channels/RSs

· Rule 2: if both are aperiodic channels/RSs, aperiodic channels/RSs after scheduling offset > aperiodic channels/RSs before scheduling offset
· Rule 3: if both aperiodic channels/RSs are after scheduling offset, aperiodic channels/RSs with the latest effective QCL assumptions have the higher priority
· Rule 4: channels/RSs on PCell > channels/RSs on SCell

Note: 

· CSI-RS with repetition ON could not be multiplexed with other channels/RSs (Exceptional rule).

· Aperiodic channels/RSs mentioned above may include aperiodic CSI-RS, aperiodic SRS, dynamically scheduled PDSCH, and dynamically scheduled PUSCH etc.

· Periodic/semi-persistent channels/RSs mentioned above may include SSB, periodic/semi-persistent CSI-RS, periodic/semi-persistent SRS, PDCCH, PUCCH, semi-persistent scheduled PDSCH, and semi-persistent scheduled PUSCH etc.

2.2. UL channels/RSs consecutive transmission

It was agreed for frequencies below 6 GHz, UE transient period for NR is 10 µsec, for frequencies above 24 GHz, UE transient period for NR is 5 µsec[3]. Due to UE transient period, both last and first symbols may be affected when same uplink channels/RSs consecutive transmission with power changing, while the last symbol or first symbol may be affected when different uplink channels/RSs consecutive transmission with power changing. An example of transient time for consecutive PUSCH and SRS transmission with power changing is depcited in figure 1, and transient period for different numbernology are shown in table 1.
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Figure 1 Example of consecutive PUSCH and SRS transmission with power changing
Table 1 Transient time for different numbernology
	Frequency band
	SCS(kHz)
	Symbol length(usec)
	Transient  period(usec)
	Affected ratio

	FR1
	15
	71.43
	10
	~14%

	FR1
	30
	35.71
	10
	~28%

	FR1
	60
	17.85
	10
	~56%

	FR2
	60
	17.85
	5
	~28%

	FR2
	120
	8.93
	5
	~56%


From above table, the effection of UE transient time is more severe for larger subcarrier space. e.g.when PUSCH and SRS are consecutive transmitted with power changing with SCS 120KHz, almost 56% last PUSCH symbol shall be affected by SRS. At least 1 guard symbol is required to gurantee the performance of the last and/or the first symbol in the case of consecutive uplink channels/RSs transmission with power changing.

According to above discussion, to simplify system design and to help ensure system performance, 0 or 1 guard symbol should be predefined for consecutive uplink channels/RSs transmission with power changing. A UE shall not transmit any other signals in that guard symbol.

Proposal 2:
· For consecutive uplink channels/RSs transmission with power changing, X gurad symbol is reserved for a UE, where the UE does not transmit any other signals. The value of X is defined as below table 2.
Table 2 Guard symbol for consecutive uplink channels/Rs transmission with power changing
	Frequency band
	SCS(kHz)
	Guard symbol

	FR1
	15
	0

	FR1
	30
	1

	FR1
	60
	1

	FR2
	60
	1

	FR2
	120
	1


3. Conclusion

In this contribution, simultaneous transmission/reception channels/RSs and UL channels/RSs consecutive transmission with power changing are discussed with the following proposal:

Proposal 1:

· From the perspective of a UE reception, if the spatial QCL assumptions of the different channels/RSs are same, these channels/RSs can be multiplexed in same OFDM symbols. If the spatial QCL assumptions of these channels/RSs are not same, the channel/RS with higher priority should be transmitted and received, and the channel/RS with lower priority should be skipped. The rules as follows are applied sequentially.
· Rule 1: aperiodic channels/RSs > periodic/semi-persistent channels/RSs

· Rule 2: if both are aperiodic channels/RSs, aperiodic channels/RSs after scheduling offset > aperiodic channels/RSs before scheduling offset
· Rule 3: if both aperiodic channels/RSs are after scheduling offset, aperiodic channels/RSs with the latest effective QCL assumptions have the higher priority
· Rule 4: channels/RSs on PCell > channels/RSs on SCell

Note: 

· CSI-RS with repetition ON could not be multiplexed with other channels/RSs (Exceptional rule).

· Aperiodic channels/RSs mentioned above may include aperiodic CSI-RS, aperiodic SRS, dynamically scheduled PDSCH, and dynamically scheduled PUSCH etc.

· Periodic/semi-persistent channels/RSs mentioned above may include SSB, periodic/semi-persistent CSI-RS, periodic/semi-persistent SRS, PDCCH, PUCCH, semi-persistent scheduled PDSCH, and semi-persistent scheduled PUSCH etc.

Proposal 2:
· For consecutive uplink channels/RSs transmission with power changing, X gurad symbol is reserved for a UE, where the UE does not transmit any other signals. The value of X is defined as below table 2.
Table 2 Guard symbol for consecutive uplink channels/Rs transmission with power changing
	Frequency band
	SCS(kHz)
	Guard symbol

	FR1
	15
	0

	FR1
	30
	1

	FR1
	60
	1

	FR2
	60
	1

	FR2
	120
	1
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