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Introduction
As the outcome of RAN#103, the Rel-19 WI on evolution of NR duplex operation [1] is updated and RAN4 related objectives are shown below.
	-- Omit for simplicity --
· Followings are assumed based on TR 38.858
· SBFD at the gNB side
· Half duplex operation at the UE side
· FR1 and FR2-1
· SBFD operation Option 4, i.e., both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs
· Coexistence between non-SBFD aware UEs (including legacy UEs) and SBFD aware UEs in the cell operating SBFD at gNB side
· SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies
· One UL subband for SBFD operation in an SBFD symbol (excluding legacy UL symbol/slot) within a TDD carrier
· Mechanisms for SBFD operation shall also consider the adjacent channel coexistence between two operators
· Specify enhancements for CLI handling [RAN1, RAN2, RAN3]:
· Support gNB-to-gNB CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117)
· Support UE-to-UE CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117) 
· Note: Without dedicated optimization for dynamic/flexible TDD. 
· Specify BS RF requirements for SBFD operation at gNB [RAN4]
· Specify applicable RRM core requirements for CLI handling mechanisms [RAN4]
· Specify other RRM core requirements for SBFD operation, if identified [RAN4]
-- Omit for simplicity --


In this contribution, we would like to share our views regarding BS RF requirements for SBFD.

Discussion
For this meaningful feature, multiple companies have valuable inputs throughout the study phase. All those WFs [2-10] pave the way towards a fruitful TR 38.858 as a final collection. Since the SI was successfully transferred into a WI, RAN4 can at least work on it from following two aspects:
1. SBFD operation impact on existing BS RF requirements
2. Necessity of introducing new requirements for SBFD operation

SBFD operation impact on existing BS RF requirements
By reviewing the TR 38.858, we would like to list the potential impacted existing BS RF requirements based on our understanding.   
From Tx requirement perspective, following unwanted emission requirements were identified as FFS (on value):
-	For ACLR requirement, it shall be defined outside of the whole carrier instead of sub-band for SBFD DL symbols/slots and ACLR requirement is still defined as the ratio of sum of TX power within the whole carrier to the adjacent carrier. 
-	For OBUE requirement, the RF bandwidth edge from which OBUE is defined is the edge of the carrier (same for both SBFD and non-SBFD symbols/slots).
In order to deliver sufficient interference suppression, the aforementioned two requirements should be further discussed. One way to derive the e.g. suitable ACLR requirement for SBFD-capable BS can be co-existence simulation, while other approach should also be considered in case proponents may already have real implementation.  
Proposal 1: FFS on ACLR and OBUE that are applicable to SBFD-capable BS based on the conclusion in TR 38.858.
· For ACLR requirement, it shall be defined outside of the whole carrier instead of sub-band for SBFD DL symbols/slots and ACLR requirement is still defined as the ratio of sum of TX power within the whole carrier to the adjacent carrier. 
· For OBUE requirement, the RF bandwidth edge from which OBUE is defined is the edge of the carrier (same for both SBFD and non-SBFD symbols/slots).
Likewise, potentially impacted BS Rx requirements can be treated in similar manner. We reproduce some related conclusions from TR 38.858 for better illustration.
-	ACS requirement and the interference level shall be determined by RAN4 co-existence study, and for the definition of ACS requirement:
-	Conducted ACS: Take the existing wanted signal of ACS requirement by using the existing reference sensitivity level. 
-	OTA ACS: The OTA sensitivity degradation shall be taken into account to determine the level of wanted signal and interference signal mean power.
-	In-band blocking requirement and the interference level shall be determined by RAN4 co-existence study, and for the definition of In-band blocking requirement:
-	Conducted In-band blocking: Take the existing wanted signal of In-band blocking requirement by using the existing reference sensitivity level. 
-	OTA In-band blocking: The OTA sensitivity degradation shall be taken into account to determine the level of wanted signal and interference signal mean power.
-	For in-band selectivity and blocking, the requirements shall be defined out of the BS channel bandwidth instead of uplink subband bandwidth.
Before using RAN4 co-existence study as reference for the concerning requirements, we think the OTA sensitivity degradation should be firstly discussed as the inputs for future discussion.
Proposal 2: At least from OTA requirements perspective, OTA sensitivity degradation shall be discussed first as the input for related SBFD-capable BS Rx requirements determination as identified in TR 38.858.
· 1dB degradation due to self-interference is preferred. 
Apart from the aforementioned ones, the transmitter intermodulation requirements should be examined for SBFD-capable BS as well.
Proposal 3: FFS on the following aspects
· For transmitter signal quality including frequency error, modulation quality (EVM) and time alignment error (TAE), further discuss the joint measurement for normal DL symbols/slots and SBFD DL symbols/slots
· For transmitter intermodulation
· Check whether the transmitter intermodulation requirement is applicable in SBFD slots/symbols
· Discuss the applicable co-location coupling loss assumption and the applicable receiver degradation for the transmitter intermodulation requirement, if transmitter intermodulation requirement is applicable in SBFD slots/symbols 
· For dynamic range, the IoT level and wanted signal power level could be further discussed
· OTA ACS
· OTA In-band blocking requirement 
· OTA RX intermodulation
· In-channel selectivity
Necessity of introducing new requirements for SBFD operation
As one conclusion captured in TR 38.858, transmitter transient period is needed for SBFD operation, between the non-SBFD slot and SBFD slot and vice versa, or when SBFD reconfiguration happens.
We share the view regarding the necessity of introducing TP between non-SBFD slot and SBFD slot, since RF resources rearrangement, e.g. for antenna array, could be needed from BS perspective.  
In TS 38.104, the transmitter transient period requirement for TDD BS is defined as below.
	The transmitter transient period is the time period during which the transmitter is changing from the transmitter OFF period to the transmitter ON period or vice versa. The transmitter transient period is illustrated in figure 6.4.2.1-1.
 
Transmitter output power
 
Time
 
Transmitter ON period
 
(DL transmission)
 
Transmitter OFF 
period
 
Transmitter OFF 
period
 
Transmitter transient 
period
 
OFF power level
 
 
ON power level
 

 
 
UL transmission
 
 
GP or UL transmission
 

Figure 6.4.2.1-1: Example of relations between transmitter ON period, transmitter OFF period and transmitter transient period
Table 6.4.2.2-1: Minimum requirement for the transmitter transient period for BS type 1-C and BS type 1-H
	Transition
	Transient period length (µs)

	OFF to ON
	10

	ON to OFF
	10





Our preliminary thinking is that 10us can be considered as baseline and it can be reviewed if any particular concern from RF perspective can be identified in future meetings.         
Proposal 4: For SBFD-capable BS, define transmitter transient period between non-SBFD slot and SBFD slot.
· The transmitter transient period is within the SBFD slot.
· Consider 10us as baseline. 
Besides, in-channel adjacent subband leakage ratio and in-channel adjacent subband blocking and selectivity are still open for further discussion.
Proposal 5: For SBFD-capable BS, further discuss whether in-channel adjacent subband leakage ratio and in-channel adjacent subband blocking and selectivity are needed to be defined.

Conclusion
In this contribution we discussed on the Rel-19 WI on SBFD. We have the following proposals: 
Proposal 1: FFS on ACLR and OBUE that are applicable to SBFD-capable BS based on the conclusion in TR 38.858.
· For ACLR requirement, it shall be defined outside of the whole carrier instead of sub-band for SBFD DL symbols/slots and ACLR requirement is still defined as the ratio of sum of TX power within the whole carrier to the adjacent carrier. 
· For OBUE requirement, the RF bandwidth edge from which OBUE is defined is the edge of the carrier (same for both SBFD and non-SBFD symbols/slots).
Proposal 2: At least from OTA requirements perspective, OTA sensitivity degradation shall be discussed first as the input for related SBFD-capable BS Rx requirements determination as identified in TR 38.858.
· 1dB degradation due to self-interference is preferred. 
Proposal 3: FFS on the following aspects
· For transmitter signal quality including frequency error, modulation quality (EVM) and time alignment error (TAE), further discuss the joint measurement for normal DL symbols/slots and SBFD DL symbols/slots
· For transmitter intermodulation
· Check whether the transmitter intermodulation requirement is applicable in SBFD slots/symbols
· Discuss the applicable co-location coupling loss assumption and the applicable receiver degradation for the transmitter intermodulation requirement, if transmitter intermodulation requirement is applicable in SBFD slots/symbols 
· For dynamic range, the IoT level and wanted signal power level could be further discussed
· OTA ACS
· OTA In-band blocking requirement 
· OTA RX intermodulation
· In-channel selectivity
Proposal 4: For SBFD-capable BS, define transmitter transient period between non-SBFD slot and SBFD slot.
· The transmitter transient period is within the SBFD slot.
· Consider 10us as baseline. 
Proposal 5: For SBFD-capable BS, further discuss whether in-channel adjacent subband leakage ratio and in-channel adjacent subband blocking and selectivity are needed to be defined.
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