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1	Introduction
[bookmark: _Hlk99031139]According to the agenda for RAN1#110, feasibility of SBFD should be discussed under AI 9.3.2:9.3 Study on evolution of NR duplex operation
Please refer to RP-221352 for detailed scope of the SI.
9.3.2	Subband non-overlapping full duplex
Including study on possible solutions, feasibility, and impact to legacy operation assuming co-existence in co-channel and adjacent channels.


One vital aspect for SBFD operation is self-interference cancellation, and in the first part of this paper we provide a feasibility analysis of self-interference mitigation.
Another important aspect of the study item is impact on legacy operation as indicated by the following SID objective:· [bookmark: _Hlk89796625]Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD (RAN1, RAN4).
· Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).


It is expected that when subband full duplex (SBFD) is deployed, both legacy UEs and SBFD capable UEs would co-exist in the same cell for the foreseeable future. Hence, it is important to study how SBFD can be deployed in a way that would satisfy both of the following goals jointly:
1. Enable benefits for SBFD capable UEs in terms of improved UL coverage and/or improved UL latency
· For convenience of presentation, we refer to "SBFD capable UEs" as "Rel-18 UEs" despite that no normative work on SBFD is anticipated in Rel-18.
2. Allow legacy UEs (Rel-17 and prior) to operate in a cell where SBFD is deployed without mandating that new Rel-18 features related to SBFD are implemented.
In the second part of this paper, we discuss various aspects of a baseline SBFD solution that satisfies these goals jointly. Here we do not focus on performance; that is treated in our companion contribution [1]. Instead, we focus on configuration and operation of a serving cell with SBFD from both a Rel-18 and legacy UE perspective.
2	Initial Feasibility Analysis of Self-Interference Mitigation Solutions for SBFD
[bookmark: _Hlk102058953]In a SBFD network, there are two types of UL resources:
· A first type of UL resources resides in UL-only slots (e.g., 100 MHz in 1 out of every 5 slots)
· A second type of UL resources resides in UL subbands of mixed direction (SBFD) slots (e.g., 20 MHz in 4 out of every 5 slots)
Because of the TX and RX nonlinearities and mutual coupling as listed in the following, the second type of UL resources are subject to interferences leaked from the DL subbands.
· Adjacent subband leakage due to nonlinearities and other impairments in TX radio frontend. Modeling details discussed in Section 3.1 of [1].
The TX RF frontend contains several nonlinear devices or operations. For instance, when the signal power is driven to approach the limit of the power amplifier, the amplification response becomes increasingly nonlinear. Mechanisms such as digital predistortion (DPD) and crest factor reduction (CFR) are typically implemented in the BS TX chains to mitigate such nonlinearity and maximize PA efficiency. RAN4 BS specifications requires BS implementation to limit such adjacent channel leakage ratio to no more than -45 dBc for FR1 and can be lower for FR2.
· Spatial coupling and isolation between TX and RX arrays. Modeling details discussed Section 3.2 of [1].
To achieve sufficient isolation between the transmit and receive signals, the gNB antenna array needs to be partitioned such that a part of the array can transmit whilst the other section receives, with sufficient isolation mechanism implemented between the two subarrays. Such partitioning of the BS array implies either 3 dB beamforming gain losses, due to reduced antenna area, or doubling of physical TX array sizes.
· Adjacent subband distortion due to nonlinearity in RX radio frontend. Modeling details discussed in Section 3.3 of [1].
Practical devices for the RX radio frontend also exhibit nonlinear responses. For instance, high gain low noise amplifier (LNA) may output excessive IM3 distortion to adjacent subband (i.e., spectrum regrowth) when the input signal power exceeds its designed operation range due to self-interference from the adjacent DL subbands. 
Down conversion phase noise may also introduce interference from the DL subband to the UL subband. Down conversion phase noise may also introduce interference from the DL subband to the UL subband. Feasibility and costs of digital cancellation solutions. Further details discussed in Section 3.4 of [1].
To further mitigate self-interference in the digital domain, a prerequisite is to ensure the desired cell-edge UL signals are not swamped or erased by the automatic gain control or due to the lack of enough analog to digital converter bit width. Analog filtering may need to be introduced to suppress the power in the DL subbands.
In the following, we will use these modeling results to provide a high-level discussion on the implementation feasibility of SBFD operations. To further substantiate the discussion of SBFD implementation challenges and potential solutions, we consider in the following three representative BS classes with three different levels of transmit powers. These representative transmit powers are selected based on the RAN4 defined power limits for the local area (LA) and medium range (MR) BS classes and based on the system evaluation assumptions for this SI for the wide area (WA) BS class.
· LA BS with 24 dBm power
· MR BS with 38 dBm power
· WA BS with 53 dBm power
The reference sensitivity levels are also different for the three classes of BS in RAN4 specs. Taking 20 MHz with 30 kHz sub-carrier spacing as representative UL bandwidth for SBFD feasibility analysis:
· LA BS Prefsens is -87.6 dBm
· MR BS Prefsens is -90.6 dBm
· WA BS Prefsens is -95.6 dBm
The self-interferences caused by the interplay of SBFD transmission and TX and/or RX nonlinearities will add to the sensitivity/noise floor. Given an interference to noise ratio of , the signal to interference and noise ratio (SINR) is reduced by

This desensitization-INR relationship is illustrated in Figure 1. 
[image: ]
[bookmark: _Ref108183246]Figure 1: Relationship between interference to noise ratio (INR) and desensitization of the receiver.
It can be observed that, depending on the system operation objectives, reducing the total self-interference down to the same level as the noise floor may be insufficient. This is because, at this 0 dB INR point, the system still suffers a 3 dB desensitization even assuming same-gain antenna arrays.
· Two repetitions of the UL transmissions can be adopted to overcome such coverage losses. Considering the availability of four mixed direction slots out of every five slots to be used with variable levels of UL repetitions, the following two system operation modes can be achieved:
· Up to 3 dB coverage gains can be achieved with four UL repetitions. But there will be essentially no latency improvement.
· Two to three slot latency improvement can be achieved with no coverage gains (based on two UL repetitions).
If higher coverage improvement is desired, SBFD self-interference needs to be suppressed below the noise floor; however, due to the logarithmic relationship shown above, lower desensitization requires much more reduction in the INR. For instance, 
· Desensitization can be reduced to 2 dB if the SBFD self-interference is suppressed to 2 dB below the sensitivity/noise floor. 
· To further reduce the desensitization to 1 dB, the SBFD self-interference needs to be suppressed to 6 dB below the sensitivity/noise floor.
It should also be pointed out, however, in many regulatory discussions, INR of  dB is being used as a norm.

[bookmark: _Toc110949034][bookmark: _Toc110950122][bookmark: _Toc111212040]To avoid excessive desensitization to the reception of UL subband resources, self-interferences need to be suppressed well below the noise / reference sensitivity levels.

2.1	Self-interference from direct TX to RX leakage
Assuming 
· the gNB TX is designed to provide a 45 dBc leakage ratio from the DL subband to the UL subband (see details in Section 3.1 of [1]),
· and 80 dB spatial isolation is feasible for all three BS classes, 
The direct self-interference leakage from the TX frontend can be estimated in the following table.
[bookmark: _Ref108192921]Table 1 Direct TX self-leakage to UL subband assuming 80 dB spatial isolation.
	
	
	WA BS
	MR BS
	LA BS

	A
	RAN4 REFSENS
	-95.6
	-90.6
	-87.6

	B
	TX power
	53
	38
	24

	C
	DL subband to UL subband leakage ratio
	-45
	-45
	-45

	D
	Assumed antenna isolation
	-80
	-80
	-80

	E
	TX power in UL subband = B+C+D
	-72
	-87
	-101



It can be observed that
LA BS class
Direct TX self-leakage does not cause appreciable performance degradation (i.e., desensitization) if 80 dB spatial isolation is achievable for these small BS since the interference level is well below the noise level (INR = -13.4 dB). Given the small antenna arrays for the local area BS class, the isolation mechanism between TX and RX arrays can take up a substantial portion of an SBFD LA BS dimensions.
MR BS class
Direct TX self-leakage alone can cause >4.5 dB of desensitization / coverage loss even with 80 dB spatial isolation (INR = 3.6 dB). Two possible mitigation solutions can be considered.
· The TX RF frontend linearity is improved (e.g., by increasing the DPD complexity) to further reduce the DL subband to UL subband leakage ratio. For instance, if the DL subband to UL subband leakage ratio is improved by 5 dB, desensitization can be reduced to 2.4 dB. If the DL subband to UL subband leakage ratio is improved by 10 dB, desensitization can be reduced to 0.9 dB. The complexity of this solution scales with the number of TX RF frontend chains.
· Digital cancellation of leaked interference can be considered.
WA BS class
Direct TX self-leakage alone can cause substantial desensitization / coverage loss even with 80 dB spatial isolation since the interference level is significantly higher than the noise level (INR = 23.6). Two possible mitigation solutions can be considered.
· The TX RF frontend linearity is improved to further reduce the DL subband to UL subband leakage ratio by more than 20 dB. The feasibility, complexity, cost and power consumption of this solution scales with the number of TX RF frontend chains and can become questionable for modern massive MIMO BS.
· Digital cancellation of leaked interference can be considered. However, as discussed in Section 2.5 of [1], the complexity of this solution scales with the product of the numbers of the TX and RX FD frontend chains.
2.2	Self-interference from RX nonlinearity spectrum regrowth
In Section 3.3, we made an estimate of typical IIP3dB of BS receiver low noise amplifier (LNA) based on RAN4 requirement and typical improvements need to avoid receiver desensitization. Assuming an antenna isolation of 80 dB, one can estimate the distortion power to the UL subband when SBFD is deployed using typical existing BS LNA as in the following table. Since there are DL subbands on the two sides of a UL subband, we make a simplifying assumption that all the IM3 power calculated from one blocker falls into the UL subband.
Table 2 Example IM3 distortion in the UL subband caused by SBFD DL subbands assuming 80 dB spatial isolation and typical existing BS LNA components.
	
	
	WA BS
	MR BS
	LA BS

	A
	RAN4 REFSENS
	-95.6
	-90.6
	-87.6

	B
	TX power
	53
	38
	24

	D
	Assumed antenna isolation
	-80
	-80
	-80

	F
	TX power in DL subbands = B+D
	-27
	-42
	-56

	G
	Assumed IIP3dB
	-22.6
	-17.6
	-14.6

	H
	Gain normalized IM3 power in UL subband =3*F-2*G
	-35.9
	-90.9
	-138.9



One can observe that
LA BS class
With an assumption of 80 dB antenna isolation, DL subband signal likely does not cause excessive IM3 distortions to the UL subband when SBFD is deployed using typical existing LNA for the  LA BS class. For these BS, the IM3 powers in the UL subband are well below the REFSENS level.
MR BS class
With the assumed 80 dB antenna isolation and IIP3dB for the LNA, DL subband signal can leak IM3 distortions to the UL subband when SBFD is deployed and causes 3 dB desensitization to the UL subband resources. One possible solution is to improve the IIP3dB performance of the LNA. For instance, if the IIP3dB is improved by 5 dB, then the gain normalized IM3 power would be around 10 dB below the receiver sensitivity level, which means the desensitization is reduced to 0.4 dB.
WA BS class
Due to the much higher transmit power and more stringent REFSENS requirements for the WA BS class, SBFD cannot be deployed using typical existing LNA for the WA BS class. The resulting IM3 distortion to the UL subband may be 50 dB above the REFSENS level. Alternative implementation solutions are needed.
· One possibility is to consider an LNA implementation with an IIP3dB at 0 dBm, which can reduce the IM3 induced desensitization to 1 dB. However, such large implementation improvements to the LNA come with substantially higher energy consumption and larger physical dimensions. Both of which make the integration into the antenna array much more challenging considering the radio unit size and heat management limits.
· Another possibility is to consider RF filtering before the LNA. However, this may not be practical for carrier frequencies of interest due to a very high requirement on the Q-factor of the filter caused by very small guard PRBs between the DL and the UL subbands. For a system operating with both UL only slots and SBFD mixed direction slots, the RF filtering also need to be tunable. Insertion/switch losses of the RF filters can introduce additional sources of desensitization.
· A third option is to consider removing these distortions using digital cancellation solutions; however, as can be seen in the above table the required cancellation level is very high and may not be practical.
2.3	Reciprocal mixing of phase noise
In Section 3.3, we made estimates of the inter-carrier interference (ICI) powers caused by RX down conversion using the phase noise models discussed in RAN4 Rel-17. It can be observed that the integrated ICI power is around -50 dBc. This is only slightly lower than typical ACLR requirement of -45 dBc. The impact to the SBFD system can be estimated in the following table:
Table 3 Example ICI distortion in the UL subband caused by SBFD DL subbands assuming 80 dB spatial isolation and example phase noise models. (All powers are gain normalized.)
	
	
	WA BS
	MR BS
	LA BS

	A
	RAN4 REFSENS
	-95.6
	-90.6
	-87.6

	B
	TX power
	53
	38
	24

	D
	Assumed antenna isolation
	-80
	-80
	-80

	F
	TX power in DL subbands = B+D
	-27
	-42
	-56

	I
	Phase noise ICI power factor
	-50.0
	-50.0
	-50.0

	J
	Gain normalized ICI power in the UL subband = F+I
	-77.0
	-92.0
	-106.0



It can be observed that
LA BS class
BS receiver phase noise is likely not an issue for the LA BS class since the ICI power is well below the noise level, and thus does not result in appreciable desensitization.
MR BS class
For the MR BS class, receiver phase noise may cause moderate desensitization to the UL subband resources. If the ICI power is 2 dB below the noise floor, then the receiver sensitivity is reduced by 2 dB (see Figure 1). Two repetitions of the UL transmissions can be adopted to mitigate such coverage losses. Considering the availability of four mixed direction slots to be used with variable levels of UL repetitions,
· Up to 1 dB coverage gains can be achieved with some latency reduction.
· Up to 4 dB coverage gains can be achieved with no latency improvement.
Other mitigation solutions similar to those discussed for the wide area BS class below may also be considered.
WA BS class
Due to the much higher transmit power and more stringent REFSENS requirements for the WA BS class, the mixer phase noise can cause >15 dB desensitization to the UL subband resources if no mitigation solutions are further deployed. Alternative implementation solutions are needed.
· One possibility is to improve down-conversion XO quality. However, an improvement of 30 dB in phase quality may require excessive implementation complexity and operating energy consumption.
· Another option is to investigate whether these ICI distortions can be removed using digital cancellation solutions.
2.4	Impact on analog to digital converter (ADC) and additional filtering
The analog to digital converters (ADC) for a BS are designed to handle a dynamic range covering weak UL signals and the potential adjacent channel blockers without losing the standard required sensitivity. RAN4 spec TS 38.104 further stipulates BS performance requirements for in-band narrowband blocker, adjacent channel selectivity, and in-band general blocker. 
For allowance of 6 dB desensitization, the RAN4 test powers for these blockers or adjacent channels are listed in the following table.
[bookmark: _Ref110844991]Table 4 RAN4 blocker and adjacent channel selectivity test interference power levels.
	
	
	WA BS
	MR BS
	LA BS

	A
	RAN4 REFSENS
	-95.6
	-90.6
	-87.6

	
	RAN4 in-band narrowband blocker power
	-49
	-44
	-41

	
	RAN4 adjacent channel interfering signal power
	-52
	-47
	-44

	
	RAN4 in-band general blocker power
	-43
	-38
	-35



Assuming an antenna array spatial isolation of 80 dB is feasible for all three BS classes, the direct leakage from the TX frontend in the DL subbands can be estimated in the following table.
[bookmark: _Ref109833544]Table 5 Example interfering powers in SBFD DL subbands assuming 80 dB spatial isolation. (All powers are gain normalized.)
	
	
	WA BS
	MR BS
	LA BS

	A
	RAN4 REFSENS
	-95.6
	-90.6
	-87.6

	B
	TX power
	53
	38
	24

	D
	Assumed antenna isolation
	-80
	-80
	-80

	F
	TX power in DL subbands = B+D
	-27
	-42
	-56



Comparing the interfering powers in DL subbands calculated in Table 5 and these RAN4 test powers, the following observations can be drawn for the different BS classes.
LA BS class
For local area BS class, the interfering powers in the DL subbands in a SBFD system are lower than those in the current RAN4 performance requirement specs. Hence, the use of SBFD transmission schemes likely does not affect the typical ADC implementations in these BS.
MR BS class
For the medium range, the interfering powers in the DL subbands in a SBFD system are in the same range as those in the current RAN4 performance requirement specs. Hence, the use of SBFD transmission schemes may cause some desensitization with the typical ADC implementations in these BS. To avoid such desensitization, solutions such as those considered below for the wide area BS may also need to be adopted for the medium range BS.
WA BS class
For the wide area BS class, however, the interfering powers in the DL subbands in a SBFD system can be 22 dB or more higher than current RAN4 blocker performance test powers. To handle such enlarged dynamic range than typical wide area BS implementations, alternative solutions need to be considered to avoid losing sensitivity.
· One possibility is to introduce analog filtering before the ADC. However, such type of analog filters are generally not tunable, which means the SBFD system will likely need to operate at a fixed UL subband size and location.
· Another possibility is to increase the bit width of the ADC. However, such solutions come with steep increases in implementation costs as well as energy consumption. As a rule of thumb, every additional ADC bit width doubles the power consumption. Note further that ADC power consumption is already a significant component of typical BS receivers. Larger ADC bit width would also require high bandwidth connections between the radio units and the baseband units.
· A combination of the above two types of solutions. However, if the desired DL subband power suppression is not completely achieved in the analog filtering stage, it is necessary to not only increase the ADC bit width but also increase the suppression at the digital channel filtering stage.
Note that the overall filter needs to suppress the DL subband powers by more than 22 dB to avoid substantial desensitization. 
· That is, if the DL subband powers are suppressed by merely 22 dB, the typical BS will suffer 6 dB desensitization as RAN4 specs stipulates. 
· To reduce desensitization to 1 dB, the DL subband powers need to be reduced by at least 32 dB.
2.5	Digital self-interference cancellation
In modern FR1 MIMO base station, TX beamforming is performed digitally in the frequency domain to direct the beams at different PRBs to different directions for the scheduled UEs allocated to different PRBs. In fact, even for a UE, different beamforming weights for different PRBs are also needed to align with the UE’s frequency domain channel responses. Such frequency-selective beamforming weights manifest in the time domain as if the signals have been through multi-tap channels already. With multi-layer SU-MIMO and MU-MIMO, the baseband signal into the TX chain is the superposition of more than one beamformed signals targeting the multiple co-scheduled UEs. The superposition of these signals then goes through the transmitter chains with the components discussed in Section 2.1 of the companion contribution [1], where many of the components introduce further multi-tap and nonlinear responses.
An initial example of digital self-interference cancellation solution is discussed in Section 2.4 of the companion contribution [1]. On the RX side, as discussed in the previous sections, analog subband filters (shown in the figure as a red “LPF” box in Figure 2) are needed to suppress the leaked TX powers in the DL subbands. Such filters need to be much sharper than normal anti-aliasing filters after down conversion since there is only a small guard frequency gap between the DL and UL subbands.
The digital cancellation fabric takes the analog coupled signal from each of the TX chains and apply the same analog subband filtering as those in the RX chains before digitization. For a 100 MHz carrier, the sampling rate is at 122.88 MHz. Hence, one time sample corresponds to 2.44 m. To cover potential strong reflectors within even a small radius, the adaptive filters need to keep track of several taps if no over sampling is used. In reality, delays of the reflected signals are generally not aligned with the sampling grid perfectly. Over-sampling is likely needed to obtain adequate cancellation performance. The filter lengths will scale with the over-sampling rate accordingly. The analog filters also add to the effective lengths of the overall channel responses.
The digital cancellation fabric takes inputs from  TX chains and keeps a memory of the most recent  input values for each of these inputs. The fabric applies one set of filter weights on these  values to produce one cancellation signal to be used by one RX chain. To serve  RX chains,  sets of filter weights are needed. Effectively, for each new sampling time, the cancellation fabric multiplies the stored inputs from the TX chains by a  matrix to obtain  cancellation samples. To obtain the  filter weights, the digital cancellation fabric needs inputs from the  RX chains as well.

[image: ]
[bookmark: _Ref110956994]Figure 2: An initial generic example of digital self-interference cancellation implementation. The red “LPF” box represents an analog subband filter for the SBFD operations.

For the three representative BS classes introduced in previous sections, we can also make some assumptions on the typical antenna array sizes as follows:
· LA BS with (Mg, Ng, M, N, P)  = (1,1,1,2,2)
· MR BS with (Mg, Ng, M, N, P) = (1,1,2,4,2)
· WA BS with (Mg, Ng, M, N, P)  = (1,1,4,8,2)
where M, N indicate numbers of subarrays and each subarray contains 3 antenna elements. That is, the typical numbers of TX chains are  4, 16, and 64 for the LA, MR and WA BS classes, respectively. For SBFD system implemented to achieve “same gain”, then the number of the RX chains equals that of the TX chain: . The complexity of the digital cancellation scales with . That is, the complexity of digital self-interference cancellation for the three BS classes is scaling with a factor of 16, 256, and 4096 for the LA, MR and WA BS classes, respectively. It can be observed that digital cancellation solutions are much more feasible for lower power BS with small coverage than for high power BS with massive MIMO capabilities.
[bookmark: _Toc111212041]Digital self-interference cancellation solutions are more feasible for lower power BS with small coverage than for high power BS with massive MIMO capabilities.

2.6	Summary of initial SBFD implementation analysis for a single-carrier single-sector BS
From the above analysis of the different sources of self-interference to SBFD operations, we can make some general implementation feasibility/challenge observations for the different BS classes with different max power levels as well as antenna array sizes.
LA BS class
For the low power BS class, such as the representative LA BS class, the above identified self-interference powers are generally below the REFSENS level with enough margin if antenna isolation of 80 dB is achieved. It is likely that a single isolated lower power LA BS can operate in the SBFD mode using existing hardware components and without the need of digital self-interference cancellation.

[bookmark: _Toc111212042]For the low power BS class, such as the representative LA BS class, a single isolated BS can operate in the SBFD mode using existing hardware components and without the need of digital self-interference cancellation if antenna isolation of 80 dB is achieved.

MR BS class
For the medium power BS class, such as the representative MR BS class, we identified in the above that several self-interference powers are at a level similar level to the REFSENS level. Without addressing these self-interference powers, the reception of the SBFD UL subbands can be desensitized by several dB. For instance, the direct TX leakage into the RX UL subbands has a power 3.6 dB higher than the REFSENS, which will result in 4.5 dB desensitization to these UL subband resources by this self-interference source alone. That is, no coverage gain can be obtained even if the UL signals are repeated in three UL subband slots. To obtain the coverage benefits of operating in the SBFD mode, two different self-interference mitigation approaches can be considered.
MR BS self-interference mitigation solution approach I (hardware component upgrades)
The self-interference powers can be reduced by upgrading several components of the representative MR BS class above those typically used in current static TDD MR BS.
· The TX linearity need to be improved (e.g., by increasing the DPD complexity) to reduce the DL subband to UL subband leakage ratio by 10 dB. This will reduce the desensitization of these UL subband resources by the direct leakage alone to 0.9 dB.
· The RX LNA linearity needs to be improved. For instance, if the LNA IIP3dB is improved by 5 dB, then the desensitization of these UL subband resources by the IM3 alone to 0.4 dB. Such increase of LNA IIP3dB usually requires in the size, energy consumption and heat dissipation of the LNA.
· The phase stability of the oscillators needs to be improved. For instance, if the ICI power caused by the phase noises is reduced by 8 dB, then the desensitization of these UL subband resources by the phase noises alone to can be reduced to 0.4 dB. Such enhancement to the oscillator phase stability usually requires additional hardware and higher energy consumption.
· The ADC bit width may need to increase by 1 bit, which, by rule of thumb, will double the power consumption of the ADC. Alternatively, analog filtering needs to be introduced.
With these hardware component upgrades to the MR BS, the total residual (gain normalized) self-interference power is around -94.3 dBm. Compared to REFSENS of -90.6 dBm, the desensitization of the UL subband resources is 1.5 dB. With this approach, a 3 dB coverage gain would require the UL signals to be repeated in three UL subband slots, which will substantially reduce the improvement in latency.
Note further that this cost, complexity, energy consumption and heat dissipation issues of this approach scale linearly with the number of TX/RX chains.
MR BS self-interference mitigation solution approach II (digital self-interference cancellation)
Digital self-interference cancellation has been proposed by several sources as a potential solution to address the direct TX leakage self-interference. However, as discussed in the previous sections, there are additional sources of self-interferences.
· As shown in the generic digital cancellation solution in Figure 2, replicas of the TX RF signals with all their nonlinear and multi-tap responses can be taken from the TX chains. Several sources have opined that the direct TX leakage power can be reduced by 10 – 15 dB via digital cancellation. However, the complexity scaling and the cancellation performance in outdoor environments with strong reflectors needs further study.
· The RX LNA nonlinearity causes additional IM3 leakage from the received DL subbands into the UL subbands. To remove these IM3 powers, the digital cancellation solutions need to estimate the filter coefficients to generate the needed cancellation signals. The complexity scaling and the cancellation performance of the RX IM3 need further study.
· The phase noises in RX oscillators causes inter-carrier interference (ICI). To cancel these ICI powers, the digital cancellation solutions need to estimate the filter coefficients to generate the needed cancellation signals. The complexity scaling and the cancellation performance of the RX ICI need further study.
· The ADC bit width may need to increase by 1 bit and possibly by 2 bits to obtain better digital cancellation performance. Either increases of ADC bit width will increase its power consumption substantially.
If the digital self-interference cancellation solution manages to suppress all three interference powers by 10 dB, then the total residual (gain normalized) self-interference power is around -94.6 dBm. Compared to REFSENS of -90.6 dBm, the desensitization of the UL subband resources is 1.4 dB. With this approach, a 3 dB coverage gain can be achieved if the UL signals are repeated in three UL subband slots, which will substantially reduce the improvement in latency. If the digital cancellation solution manages to suppress all three interference powers by 15 dB, then the desensitization of the UL subband resources is reduced to 0.5 dB.
Note further that this cost, complexity, energy consumption and heat dissipation issues of this approach scale quadratically with the number of TX/RX chains.
It is, of course, possible to consider combinations of these two basic approaches. For instance, if RX IM3 interference estimation proves unreliable, it may be necessary to upgrade the RX LNA even when digital cancellation solution is adopted in the BS RX. With any of these approaches to address self-interferences for a MR BS, it can be observed the RX chains suitable for SBFD operation require more or better hardware, higher energy consumption, and higher heat dissipation than those suitable for conventional static TDD operation.

[bookmark: _Toc111212043]Digital self-interference cancellation for MR BS SBFD operations needs to suppress not only TX direct leakage into the UL subbands but also spectrum regrowth caused by RX LNA nonlinearity and inter-carrier interference caused oscillator phase noises. The complexity scaling and the cancellation performance of digital cancellation solutions need further study.
[bookmark: _Toc111212044]For the medium power BS class, such as the representative MR BS class, self-interferences may be addressed with (1) hardware component upgrades, whose cost, complexity, energy consumption and heat dissipation issues scale linearly with the number of TX/RX chains; or with (2) digital self-interference cancellation, whose cost, complexity, energy consumption and heat dissipation issues scale quadratically with the number of TX/RX chains.
[bookmark: _Toc111212045]For the medium power BS class, such as the representative MR BS class, self-interferences mitigation solutions via hardware component upgrades, digital self-interference cancellation, or combinations of both are needed even with 80 dB antenna isolation. With any of these approaches, the RX chains suitable for SBFD operation require more or better hardware, higher energy consumption, and higher heat dissipation than those suitable for conventional static TDD operation.

WA BS class
For the high-power BS class, such as the representative WA BS class, we identified in the above that the self-interference powers are far above what current typical WA BS hardware is designed for. Either of the mitigation approaches discussed in the above for the MR BS class appear infeasible:
· For the hardware component upgrade approach, the required improvements in the hardware are far above the specs of current typical WA BS components. For instance, the TX linearity needs to be improved such that the DL subband to UL subband leakage ratio is reduced by 30 dB. The LNA IIP3dB needs to be improved by more than 20 dB. The phase noise powers need to be reduced by 25 dB. Sharp analog filters need to be introduced or the ADC bit width needs to increase by several bits. Any, and, particularly in combinations, of these can cause substantial cost, complexity, energy consumption, or heat management issues.
· All the potential issues with digital self-interference cancellation solutions discussed in the above for the MR BS class scale up exponentially for the WA BS class because of the much higher degrees of cancellation needed as well as the quadratic scaling with the massive MIMO antenna array sizes.
If these hardware implementation issues were to be overcome, one can also observe that, similar to the case for the MR BS class, the RX chains suitable for WA BS SBFD operation require more or better hardware, higher energy consumption, and higher heat dissipation than those suitable for conventional static TDD operation.  Such complexity, cost and power consumption scaling may not be justifiable considering the existence of much simpler alternative system operation approaches with similar or better UL performance improvements such as that discussed in Section 2.8 below.

[bookmark: _Toc111212046]For the high-power BS class, such as the representative WA BS class, self-interference powers are far above what current typical WA BS hardware is designed for even with 80 dB antenna isolation. Either of the hardware component upgrade and digital cancellation approaches can result in substantial cost, complexity, energy consumption, or heat management issues.


[bookmark: _Hlk108193407]2.7	Impact of multi-sector base station sites
Three-sector deployments sites are often used to provide 360 degrees coverage in the horizontal plane. This means that three base stations will be mounted close together in the mast as illustrated in Figure 3.


 [image: ]
[bookmark: _Ref110352886]Figure 3: Illustration of three-sector site setup where  is the inter-sector distance.

If the base stations are deployed in a three-sector deployment setup, typical inter-sector isolation is -45 dBc. At this level, inter-sector self-interference causes severe challenges to all three BS classes as shown in the following tables for
· The inter-sector direct TX leakage to UL subband
· TX power in DL subbands
· IM3 induced by the TX power in DL subbands
· ICI induced by the TX power in DL subbands
While the LA BS are currently less often used in a three-sector setup, we are keeping the calculated results in the following for completeness and for potential future use cases such as the URLLC.
Table 6 Inter-sector direct TX leakage to UL subband assuming 45 dB sector isolation.
	
	
	WA BS
	MR BS
	LA BS

	A
	RAN4 REFSENS
	-95.6
	-90.6
	-87.6

	B
	TX power
	53
	38
	24

	C
	DL subband to UL subband leakage ratio
	-45
	-45
	-45

	K
	Assumed inter-sector antenna isolation
	-45
	-45
	-45

	L
	Inter-sector TX power in UL subband = B+C+K+3
	-34
	-49
	-63



Table 7 Example interfering powers in SBFD DL subbands assuming 45 dB sector isolation. (All powers are gain normalized.)
	
	
	WA BS
	MR BS
	LA BS

	B
	TX power
	53
	38
	24

	M
	Assumed antenna isolation
	-45
	-45
	-45

	N
	TX power in DL subbands = B+M+3
	11
	-4
	-18



Table 8 Example IM3 distortion in the UL subband caused by SBFD DL subbands assuming 45 dB sector isolation and typical existing BS LNA components.
	
	
	WA BS
	MR BS
	LA BS

	A
	RAN4 REFSENS
	-95.6
	-90.6
	-87.6

	N
	TX power in DL subbands = B+M+3
	11
	-4
	-18

	G
	Assumed IIP3dB
	-22.6
	-17.6
	-14.6

	O
	Gain normalized IM3 in UL subband = 3*N-2*G
	[image: Fire]
	[image: Fire]
	-24.9



Table 9 Example ICI distortion in the UL subband caused by SBFD DL subbands assuming 45 dB sector isolation and example phase noise models. (All powers are gain normalized.)
	
	
	WA BS
	MR BS
	LA BS

	A
	RAN4 REFSENS
	-95.6
	-90.6
	-87.6

	N
	TX power in DL subbands = B+M+3
	11
	-4
	-18

	I
	Phase noise ICI power factor
	-50.0
	-50.0
	-50.0

	P
	Gain normalized ICI power in UL subband = N+I
	-39.0
	-54.0
	-68.0



It can be observed that, with -45 dBc inter-sector isolation, the receivers for all three BS classes suffer from strong interference powers leaked from adjacent sectors.
· For addressing inter-sector direct leakage into the UL subband, improving linearity alone is not a viable solution given the amount of improvement needed for even the lower power BS classes. 
· The TX powers in the DL subbands far exceed normal BS RX chains specs. The dynamic range is more than 50 dB larger than current BS operation range. The input power levels likely cause permanent damages to the LNA.
· Intercarrier interferences caused by TX powers in the DL subbands to the UL subbands are also far above the RX sensitivity level.
· Given the component failures before or at the digitization stages, digital cancellation of interference powers is not viable solution.

[bookmark: _Toc110949041][bookmark: _Toc110950129][bookmark: _Toc111212047]With typical inter-sector isolation of -45 dBc, the receivers for all three BS classes suffer from strong interference powers leaked from adjacent sectors far above the current BS operation specs. In some cases, BS receiver components may be permanently damaged.

In Section 3.2.2 of [1], we provide inter-sector isolation results of a very large TX/RX panel separation with an edge-to-edge distance of 50 cm as illustrated Figure 4. Note that, this vertical separation is larger than typically needed spacing for the isolation mechanism/material. With such an optimistic setup, we show in Section 3.2.2 of [1] that the lowest coupling of -75 dBc is achieved when the TX beam is at horizontal and vertical boresight. When any of the horizontal or vertical angles deviates from the boresight, the inter-sector coupling rises significantly and can reach above -60 dBc. Note also that, with smaller and more realistic TX/RX panel edge-to-edge separation, the inter-sector coupling is expected to be higher.
[image: ]
[bookmark: _Ref110852094]Figure 4 Site setup of an optimistic TX/RX separation with an edge-to-edge distance of 50 cm, where the TX panel of sector 1 and the RX panels of sector 2 and 3 are shown. Note this vertical separation is larger than typically needed spacing for the isolation mechanism/material.

Using the more optimistic inter-sector isolation of -60 dBc, we can revisit the above interference calculation in the following tables.
Table 10 Inter-sector direct TX leakage to UL subband assuming 60 dB sector isolation.
	
	
	WA BS
	MR BS
	LA BS

	A
	RAN4 REFSENS
	-95.6
	-90.6
	-87.6

	B
	TX power
	53
	38
	24

	C
	DL subband to UL subband leakage ratio
	-45
	-45
	-45

	K
	Assumed inter-sector antenna isolation
	-60
	-60
	-60

	L
	Inter-sector TX power in UL subband = B+C+K+3
	-49
	-64
	-78



Table 11 Example interfering powers in SBFD DL subbands assuming 60 dB sector isolation. (All powers are gain normalized.)
	
	
	WA BS
	MR BS
	LA BS

	B
	TX power
	53
	38
	24

	M
	Assumed antenna isolation
	-60
	-60
	-60

	N
	TX power in DL subbands = B+M+3
	-4
	-19
	-33



Table 12 Example IM3 distortion in the UL subband caused by SBFD DL subbands assuming 60 dB sector isolation and typical existing BS LNA components.
	
	
	WA BS
	MR BS
	LA BS

	A
	RAN4 REFSENS
	-95.6
	-90.6
	-87.6

	N
	TX power in DL subbands = B+M+3
	-4
	-19
	-33

	G
	Assumed IIP3dB
	-22.6
	-17.6
	-14.6

	O
	Gain normalized IM3 in UL subband = 3*N-2*G
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	-21.9
	-69.9



Table 13 Example ICI distortion in the UL subband caused by SBFD DL subbands assuming 60 dB sector isolation and example phase noise models. (All powers are gain normalized.)
	
	
	WA BS
	MR BS
	LA BS

	A
	RAN4 REFSENS
	-95.6
	-90.6
	-87.6

	N
	TX power in DL subbands = B+M+3
	-4
	-19
	-33

	I
	Phase noise ICI power factor
	-50.0
	-50.0
	-50.0

	P
	Gain normalized ICI power in UL subband = N+I
	-54.0
	-69.0
	-83.0



It can be observed that, with -60 dBc inter-sector isolation, the receivers for the MR and WA BS classes remain problematic from strong interference powers leaked from adjacent sectors. 
· For addressing inter-sector direct leakage into the UL subband, improving linearity alone is not a viable solution given the amount of improvement needed for even the lower power BS classes. 
· The TX powers in the DL subbands far exceed normal BS RX chains specs. The dynamic range is more than 35 dB larger than current BS operation range. The input power levels likely cause permanent damages to the LNA of the WA BS.
· Intercarrier interferences caused by TX powers in the DL subbands to the UL subbands are also far above the RX sensitivity level.
· Given the component failures before or at the digitization stages, digital cancellation of interference powers is not viable solution for the WA BS.
· For the MR BS class, the feasibility of inter-sector digital cancellation needs further study/discussion.
For the LA BS class, the issues have lessened but implementation challenges remain if they are used in a three-sector site setup.

[bookmark: _Toc110949042][bookmark: _Toc110950130][bookmark: _Toc111212048]With an improved inter-sector isolation of -60 dBc, the receivers for WA and MR BS classes still suffer from strong interference powers leaked from adjacent sectors far above the current BS operation specs. In some cases, BS receiver components may be permanently damaged.
[bookmark: _Toc110949043][bookmark: _Toc110950131][bookmark: _Toc111212049]The inter-sector isolation level plays a determining role on whether SBFD BS can be integrated with existing coverage layer cellular networks and sites.

[bookmark: _Toc110949047][bookmark: _Toc110950497][bookmark: _Toc110950509][bookmark: _Toc110956356][bookmark: _Toc111212056]RAN1/4 to discuss solutions for improving inter-sector isolation in the SI to draw observations and conclusion on the feasibility and applicability of SBFD for the TR.

2.8	Alternative opportunistic TDD operation modes 
For conventional static TDD deployments, operators using carriers in the same band or even carriers in near-by bands need to coordinate the TDD UL/DL configuration to avoid interference between the different operators’ networks. That is, other than a new frequency band without potential interference issues with other bands, a prevalent TDD UL/DL configuration structure is usually imposed for a geographical area and an operating frequency range. In this high-level discussion, we use the DDDDU pattern as an example of this prevalent TDD UL/DL structure. We further use 100 MHz carrier bandwidth as an example for the discussion.
Prevalent static TDD pattern: DDDDU
· There are 3*14+12 = 54 DL OFDM symbols in a TDD UL/DL cycle of five slots.
· There are 14 UL OFDM symbols.
[image: ]
The SBFD scheme can be considered as an opportunistic TDD operation mode that appropriates some DL resources for UL coverage, throughput and latency improvements:
SBFD operation mode: MMMMU with 40-20-40 MHz subbands
· There are 2*106/273 * (3*14 + 12) = 41.9 DL OFDM symbols in a TDD UL/DL cycle of five slots.
· There are 51/273 * (3*14 + 12) + 14 = 24.1 UL OFDM symbols.
[image: ]
The new UL subband resources in the mixed-direction slots are opportunistic in the sense that UL transmissions in these new resources may or may not succeed because of potential collisions with self-interference or interference from other operator networks. This point is amply demonstrated by the single network system evaluation results presented in Section 5 and the two network system evaluation results presented in Section 6 of the companion contribution [1]. It can be generally observed that:
· When the SBFD MMMMU network is operating in isolation
· The SBFD network provides UL coverage and user throughput gains at the expense of DL user throughputs at low traffic loads relative to a static TDD network using the DDDSU configuration. 
· As traffic load increases, the UL coverage and user throughput gains diminish and disappear completely at high traffic loads because of self-interference and inter-sector interference. However, the loss of DL throughputs remain since DL resources have been appropriated for UL even though the UL transmissions are not always successful.
· When the SBFD MMMMU network is operating with a static TDD DDDDU network in the adjacent channel
· The SBFD network provides UL coverage and user throughput gains when the SBFD network has low traffic loads and the adjacent network also has low traffic loads.
· When the traffic loads of the adjacent network increase, the UL coverage and user throughput gains vanish even when the traffic loads of the SBFD network remain low.
[bookmark: _Hlk111207262]If the purpose is to introduce opportunistic UL resources for UL coverage, throughput and latency improvements, there may be simpler alternatives that do not require complicated hardware and do not suffer from self-interference or inter-sector interference of its own network. For instance, one could consider operating a different static TDD pattern than the prevalent static TDD pattern:
Opportunistic static TDD mode: DUDDU
· There are 3*14 = 42 DL OFDM symbols in a TDD UL/DL cycle of five slots.
· There are 2*12 = 24 UL OFDM symbols (i.e., guard periods are at the beginning of the two UL slots).
[image: ]
It can be observed this opportunistic static TDD network has almost identical overall DL and UL resource appropriations as those of the SBFD network. The main difference is this is a static TDD operation mode and hence it does not suffer from self-interference or inter-sector interference of its own network. As a result, it is demonstrated in Section 5 of the companion contribution [1]:
· When the opportunistic static TDD DUDDU network is operating in isolation
· The network provides similar UL coverage and user throughput gains at the expense of DL user throughputs at low traffic loads as those provided by the SBFD network.
· As traffic loads increase, the UL coverage and user throughput gains only degrade moderately and thus become better than those achieved by the SBFD network.
· The UL latency reduction obtained by this opportunistic static TDD network is comparable to that achieved by the SBFD network.
This static TDD operation mode is opportunistic because the newly introduced UL slot may be interfered by adjacent channel operators using the prevalent TDD pattern. However, since adjacent channel inter-operator interference levels are generally lower than those of the self-interference and inter-sector interference in SBFD networks, it is shown in the companion contribution [1]:
· When the opportunistic static TDD DUDDU network is operating with a static TDD DDDDU network in the adjacent channel
· The opportunistic static TDD network provides UL coverage and user throughput gains similar to those achieved by the SBFD scheme when the opportunistic static TDD network has low traffic loads.
· The opportunistic static TDD network can continue to function when its own network traffic loads increase. The SBFD network, on the other hand, can degrade into coverage and user throughput losses [2].

[bookmark: _Toc111212057]RAN1 to study alternative opportunistic TDD operation approaches than the SBFD approach for UL coverage, throughput and latency improvements. In particular, some of these alternatives do not require complicated hardware and do not suffer from self-interference or inter-sector interference of its own network.

2.9	Further factors to study
In existing cellular networks, BS from one operator often need to share the installation sites with other operators due to zoning, regulatory and economic considerations. As a result, BS from multiple operators may be installed at proximity as exemplified in Figure 5. Typical colocation isolation requirement for current BS equipment is at -30 dBc.
[image: ]
[bookmark: _Ref110931208]Figure 5: Example of multiple BS installed at proximity. See further examples in https://en.wikipedia.org/wiki/Cell_site.

One main difference between the multi-sector coupling discussed in the last section and the present multi-operator coupling is that the BS in the former case belongs to the same operator and mechanism to reduce inter-sector coupling can be implemented on both the TX and RX sides. However, for the latter case, the coupling of TX from one operator to the RX of an SBFD operator at proximity can only be addressed with isolation mechanism implementation at the SBFD RX. It is currently unclear what isolation levels are achievable with such constraints.

[bookmark: _Toc110949048][bookmark: _Toc110950498][bookmark: _Toc110950510][bookmark: _Toc110956357][bookmark: _Toc111212058]RAN1/4 to discuss solutions for improving co-located inter-operator isolation in the SI to draw observations and conclusion on the feasibility and applicability of SBFD for the TR.

Operators generally utilize a portfolio of carriers and frequency bands to create high-quality services. Similar to the need of sharing BS sites, due to zoning, regulatory and economic considerations, many base stations serve multiple carriers and/or multiple frequency bands. With each additional carriers and/or bands, the total output powers from the BS scale accordingly. Some of the implementation issues and challenges discussed in the previous scale linearly as well but some may scale nonlinearly. For instance, when the amplifier is shared by multiple carriers and/or bands, signals/activities from multiple sources affect the leakage models of the TX signals to the RX, which can have significant impact on the complexity and feasibility of digital self-interference cancelation.

[bookmark: _Toc110949049][bookmark: _Toc110950499][bookmark: _Toc110950511][bookmark: _Toc110956358][bookmark: _Toc111212059]RAN1/4 to study solutions, performance and applicability for SBFD operations in multi-carrier and/or multi-band BS.

3	Impact of SBFD on Legacy Operation
It is expected that when subband full duplex (SBFD) is deployed, both legacy UEs and SBFD capable UEs would co-exist in the same cell for the foreseeable future. Hence, it is important to study how SBFD can be deployed in a way that would satisfy both of the following goals jointly:
1. Enable benefits for SBFD capable UEs in terms of improved UL coverage and/or improved UL latency
· For convenience of presentation, we refer to "SBFD capable UEs" as "Rel-18 UEs" despite that no normative work on SBFD is anticipated in Rel-18.
2. Allow legacy UEs (Rel-17 and prior) to operate in a cell where SBFD is deployed without mandating that new Rel-18 features related to SBFD are implemented.
In this part of this paper, we discuss various aspects of a baseline SBFD solution that satisfies these goals jointly. Here we do not focus on performance; that is treated in our companion contribution [1]. Instead, we focus on configuration and operation of a serving cell with SBFD from both a Rel-18 and legacy UE perspective.
3.1	Assumptions for Baseline Solution
Here we discuss some assumptions for a baseline SBFD solution for a serving cell
· SBFD operation (simultaneous gNB transmission/reception) is within a carrier
· This is in-line with the following agreement from RAN1#109-e. Hence, for now we do not focus on simultaneous transmission + reception on different (co-sited) carriersAgreement
At least study SBFD operation within a TDD carrier



· A baseline time domain TDD UL/DL pattern is indicated cell-specifically with TDD-UL-DL-ConfigCommon. Thus, the baseline time domain pattern is the same for all UEs in the cell, e.g., D-D-D-D-U
· We assume that legacy UEs do not support flexible 'F' symbols in the cell-specific pattern, since initial deployments of NR employ static TDD. Hence all symbols in the time domain TDD UL/DL pattern would be configured either as 'D' or 'U'.
· The U slot(s)/symbols in the time domain pattern is/are preserved for UL-only operation for both Rel-18 and legacy UEs. This is beneficial from the following perspectives:
· Allows robust UL performance that is not impacted by CLI, assuming co-ordinated time domain TDD patterns amongst different gNBs
· Allows legacy procedures to be reused for UL transmissions during initial access, i.e., RACH, PUSCH, PUCCH where UEs are likely unaware of the frequency domain pattern used for SBFD operation
· Depending on the hardware/antenna architecture, facilitates reciprocity-based DL beamforming allowing for SRS reception on the same set of sub-carriers and antenna panel as will be used for DL transmission
· Only symbols within 'D' slots can be configured for SBFD operation with frequency domain pattern D-U-D
· The rationale that has been provided for SBFD is that it enables improved UL coverage and/or latency by enabling more UL opportunities compared to the baseline time domain TDD pattern. Hence, it is not motivated to configure a time domain U slot /symbol for SBFD operation, e.g., with frequency domain pattern U-D-U. Furthermore, we assume that all 'D' slots are configured for SBFD operation (no DL-only slots) in order to have persistent availability of UL resources to maximize coverage/latency improvements.
· Rel-18 UEs are expected to receive either DL or transmit UL in the 'D' slots/symbols, but not simultaneously.
· In contrast, legacy UEs are only expected to receive DL in one or both of the 'D' subbands since they do not understand that a 'D' slot/symbol can also be used for UL by Rel-18 UEs.
Figure 6 illustrates a carrier used for SBFD operation from a system perspective for the example of a time domain pattern D-D-D-D-U indicated by TDD-UL-DL-ConfigCommon.
[bookmark: _Hlk101959466][image: ]
[bookmark: _Ref101799559]Figure 6: Time/frequency domain pattern with SBFD from a system perspective.
From a UE perspective, a 'D' slot in the above time domain pattern would appear as shown  in Figure 7. A legacy UE would see the slot as configured for DL reception only, but the gNB would need to avoid scheduling/configuring DL transmission in the middle RBs for this UE. A legacy UE would be unaware that these RBs can be used for UL by Rel-18 UEs. This puts constraints on the configuration and scheduling of DL for legacy UEs, e.g., some signals/channels need to be scheduled/configured in only one of the 'D' subbands.
For Rel-18 UEs, the UE understands that a 'D' slot in the above pattern can be used for either DL reception or UL transmission (but not simultaneously). While the gNB would still need to avoid scheduling/configuring DL in the middle RBs like for legacy UEs, new behavior for certain signals/channels can be specified for making use of both 'D' subbands.
[image: ]
[bookmark: _Ref101799578]Figure 7: Time/frequency domain pattern from a UE perspective (legacy and Rel-18 UEs) within one of the 'D' slots.

[bookmark: _Toc110949050][bookmark: _Toc110950132][bookmark: _Toc111212050]A baseline SBFD time/frequency domain pattern should contain one or more UL-only slots. The remainder of the slots (configured as 'D' by TDD-UL-DL-ConfigCommon) can be configured for SBFD operation for new (Rel-18) UEs. A legacy UE sees slots/symbols configured for SBFD operation as DL-only slots.
3.2	Carrier and BWP Configuration
3.2.1	Carrier Configuration
In RAN1#109-e, the following agreements were made which we address in this section:Agreement
Study whether/how to inform the UE of the time and/or frequency location of subbands that gNB would use for SBFD operation.

Agreement
The time and frequency location of subbands within a TDD carrier are not fixed in the specification.
· Subject to any RAN4 guidance on minimum or maximum subband and guardband size and subband location within TDD carrier. 
· Note that whether the time and/or frequency location of subbands are informed to UE is separately discussed.

In the baseline solution, we assume that legacy UEs expect to be configured with a cell-specific time domain TDD UL/DL pattern in which all slots/symbols are indicated with a direction ('D' or 'U'), but not flexible ('F'). As discussed in the previous section, only the 'D' slots/symbols are configured for SBFD operation with a frequency domain pattern, i.e., D-U-D. Such configuration is only needed for Rel-18 UEs and can be handled with dedicated signaling, for example, by extending TDD-DL-ULConfigDedicated to indicate frequency domain (FD) information. The FD info should include the subband configuration and potentially guardbands between the subbands to allow for filter rolloffs in the gNB and/or UE. Unlike prior releases where only 'F' symbols can be overridden, the dedicated signaling for Rel-18 UEs would be allowed to override a 'D' slot/symbol, i.e., converting it to D-U-D. With the baseline solution, dedicated signaling is not needed for legacy UEs. Those UEs would obtain the time domain pattern from TDD-UL-DL-ConfigCommon as usual.
One approach for extending TDD-DL-ULConfigDedicated is to introduce the notion of RB sets, potentially with guard bands in between. Such RB sets and guardbands are very similar to what was specified in Rel-16 for NR-U (see 38.214 Clause 7); however, probably more flexibility is needed to adjust the size of the RB sets for SBFD operation. Figure 8 shows two options for achieving such configuration. In Option 1, the starting RB and number of RBs is provided for each RB set and the guardband sizes are implicitly determined. The direction 'D' or 'U' is indicated for each RB set. In Option 2, it is recognized that since the dedicated signaling overrides a 'D' slot/symbol, then it is only necessary to indicate the size and position of the 'U' RB set and the size of the guardbands. The remaining RBs are then implicitly determined to be 'D' RB sets.

[image: ]
[bookmark: _Ref101858763]Figure 8: Options for RB set and guard band configuration provided by dedicated signaling that overrides a 'D' slot/symbol in TDD-UL-DLConfigCommon. 

Figure 9 shows an example of the baseline solution where TDD-UL-DL-ConfigCommon is used to configure the time domain pattern for all UEs with only 'D' and 'U' slots/symbols. An extension of TDD-UL-DL-ConfigDedicated is used to configure the frequency domain pattern (RB sets) for Rel-18 UEs.
[image: ]
[bookmark: _Ref101867608]Figure 9: Example time domain pattern configured for all UEs; frequency domain pattern configured for Rel-18 UEs
[bookmark: _Toc108694442][bookmark: _Toc108694513][bookmark: _Toc108694962][bookmark: _Toc108781424][bookmark: _Toc110950500][bookmark: _Toc110950512][bookmark: _Toc110956359][bookmark: _Toc111212060]For SBFD operation for new (Rel-18) UEs, dedicated RRC signaling configures both the time domain pattern in terms of which slots/symbols are used for SBFD operation, and the frequency domain pattern in terms of RB sets with 'D' and 'U' direction (e.g., D-U-D) and guardbands between the RB sets. For example, the time/frequency pattern can be indicated via an enhancement of the existing TDD-UL-DL-ConfigDedicated IE.
We do not see a motivation for dynamic indication of SBFD symbols and/or subband size/location since the time and frequency domain SBFD pattern would typically be something decided at deploymnent time, or at most would be something that would be updated on a slow basis if deployment conditions change. Dynamic indication is undesirable since it implies frequent re-configuration of analog filters which is not attractive from an implementation point of view.
[bookmark: _Toc108694443][bookmark: _Toc108694514][bookmark: _Toc108694963][bookmark: _Toc108781425][bookmark: _Toc110949051][bookmark: _Toc110950501][bookmark: _Toc110950513][bookmark: _Toc110956360][bookmark: _Toc111212061]Dynamic indication is not supported for either the slots/symbols used for SBFD operation in the time domain or for the size/location of the subbands in the frequency domain. 
3.2.2	BWP Configuration
Legacy UEs
In the baseline solution, a legacy UE sees the whole carrier bandwidth as either 'D' or 'U' based on the cell-specifically indicated time domain TDD pattern. As per current specifications, such a UE can be configured with a DL and UL BWP that spans a part or the whole of the carrier bandwidth, and the center frequencies of the UL and DL BWPs are aligned.
As will be discussed in a later section, if the DL BWP spans the whole carrier, both 'D' subbands can be used for DL signals/channels that support non-contiguous frequency domain resource allocation (FDRA) such as PDSCH scheduled by DCI 1_1 or DCI 2_1 and a PDCCH in a search space associated with a CORESET with non-zero index. For other signals that support only contiguous FDRA, e.g., SSB, CSI-RS, PDCCH in a search space associated with CORESET0, then only one of the two 'D' subbands within the BWP can be used. 
In the baseline solution, legacy UEs are configured/scheduled UL transmission only in slots/symbols that are configured as 'U' by TDD-UL-DL-ConfigCommon, hence the UL BWP will always include contiguous RBs used only for UL. Hence, no special handling is needed to avoid a particular subband.
Rel-18 UEs
In contrast to legacy UEs, if a Rel-18 UE is configured with a DL BWP that spans the whole carrier, then it is within scope to consider enhancements for certain signals/channels to support non-contiguous FDRA in order to make better use of both 'D' subbands. In a later section, we discuss potential enhancements for CSI-RS which in current specifications is limited to only contiguous FDRA. 
Also in contrast to legacy UEs, a Rel-18 UE can be configured/scheduled with UL transmission in either or both of a D-U-D slot or an UL-only slot, and the number of RBs available for UL transmissions is different in each case. Figure 10 illustrates the situation. In this diagram, we assume that a single UL BWP is configured spanning the whole carrier. During D-U-D slots, this BWP includes RBs which cannot be configured/scheduled for UL transmissions. However, these RBs can be avoided by configuration/scheduling based on existing specifications, at least in CONNECTED mode.
[image: ]
[bookmark: _Ref101809858]Figure 10: Available RBs for UL transmission within the UL BWP for a Rel-18 UE
According to the discussion in the previous section, a Rel-18 UE is unaware of D-U-D slots prior to entering CONNECTED mode, since the RB sets are configured via dedicated signaling only once the UE enters CONNECTED mode. For UL signals/channels transmitted during initial access (i.e., in IDLE mode), we assume that such UL transmissions are restricted to UL-only slots that are indicated by TDD-DL-UL-ConfigCommon in SIB1 (as in current specifications). This means that in the baseline solution, all UEs (legacy and Rel-18) enter the system using the UL-only slots for UL transmissions.
3.3	DL Signals and Channels
[bookmark: _Ref178064866]In this section we discuss configuration/scheduling of DL signals and channels for both legacy and Rel-18 UEs. We discuss CONNECTED and IDLE modes separately.
3.3.1	IDLE Mode
In the baseline SBFD solution, we assume that in IDLE mode, all UEs (legacy and Rel-18) are not aware that certain slots/symbols are configured as D-U-D. Such information is only made available to Rel-18 UEs by dedicated signaling once the UE enters CONNECTED mode.
During initial access, the UE receives the following signals/channels, all of which are restricted in current specifications to have contiguous frequency domain resource allocation (FDRA):
· SS/PBCH Block
· PDCCH in Type0-CSS
· RMSI PDSCH
Hence, in an SBFD system, the gNB must ensure that these signals "fit" within one of the 'D' subbands in D-U-D slots/symbols. This puts a constraint on the maximum size of the 'U' RB for a given carrier bandwidth. The constraint is determined by investigating the bandwidth requirements of CORESET0 for various configurations. Here we analyse the maximum size of the 'U' RB set under the following assumptions:
· Symmetric D-U-D allocation ('D' subbands have equal bandwidth)
· Same subcarrier spacing for SS/PBCH block and CORESET0
· 30 kHz SCS for FR1
· 120 kHz SCS for FR2
· No guard bands between RB sets
· Minimum value of SSB-CORESET0 offset for each CORESET0 size according to tables in 38.213 Section 13 (allows for maximization of the size of the 'U' RB set)
Table 14 shows the maximum size of the UL RB set as a percentage of the total number of RBs in the transmission bandwidth under the constraint that both SSB and CORESET0 must fit into one of the 'D' subbands. The table can be summarized as follows, where "feasible" means that the maximum UL allocation corresponds to greater than 20% of the total number RBs:
· FR1 with 15 kHz SCS:
· 40 MHz channel bandwidth is sufficient for feasibility of 24 and 48 RB CORESET0 (but not 96 RB)
· FR1 with 30 kHz SCS:
· 100 MHz channel bandwidth is required for feasibility of 48 RB CORESET0
· 40 MHz bandwidth is sufficient for feasibility of 24 RB CORESET0
· FR2 with 120 kHz SCS:
· 400 MHz channel bandwidth is required for feasibility of:
· 48 RB CORESET0 + Mux Pattern1
· 24 RB CORESET0 + Mux Pattern 1 or 2
· 200 MHz channel bandwidth is sufficient for feasibility of 24 RB CORESET0 + Mux Pattern 1 (but not Mux Pattern 2)
[bookmark: _Ref110947361]Table 14: Maximum % of RBs that can be configured for 'U' RB set for FR1 and FR2
	Frequency Range
	SCS
	Channel BW
	Transmission BW (RBs)
	Mux Pattern
	CORESET0 Size (RBs)
	Maximum UL Allocation

	1
	15 kHz
	40 MHz
	216
	1

	24
	69%

	
	
	
	
	
	48
	36%

	
	
	
	
	
	96
	0%

	
	30 kHz
	40 MHz
	106
	1
	24
	45%

	
	
	
	
	
	48
	0%

	
	
	100 MHz
	273
	1
	24
	79%

	
	
	
	
	
	48
	61%

	2
	120 kHz
	100 MHz
	66
	1
	24
	0%

	
	
	
	
	
	48
	0%

	
	
	
	
	2
	24
	0%

	
	
	
	
	
	48
	0%

	
	
	200 MHz
	132
	1
	24
	26%

	
	
	
	
	
	48
	0%

	
	
	
	
	2
	24
	0%

	
	
	
	
	
	48
	0%

	
	
	400 MHz
	264
	1
	24
	63%

	
	
	
	
	
	48
	34%

	
	
	
	
	2
	24
	45%

	
	
	
	
	
	48
	8%



[bookmark: _Toc110950133][bookmark: _Toc111212051]For both legacy and new (Rel-18) UEs in IDLE mode, it is feasible that DL reception  (i.e., during initial access) can occur in only one of the 'D' subbands within SBFD slots/symbols configured as D-U-D. By "feasible," it is meant that assuming a certain minimum channel bandwidth, CORESET0 "fits" within a single 'D' subband in a symmetric D-U-D configuration in either FR1 or FR2. For 48 RB CORESET0, 40/100/400 MHz channel bandwidth is required for 15/30/120 kHz SCS.
[bookmark: _Toc108694444][bookmark: _Toc108694515][bookmark: _Toc108694964][bookmark: _Toc108781426][bookmark: _Toc110949052][bookmark: _Toc110950502][bookmark: _Toc110950514][bookmark: _Toc110956361][bookmark: _Toc111212062]UEs in IDLE mode are not aware of whether or not symbols/slots are used for SBFD operation.
3.3.2	CONNECTED Mode
Legacy UEs
A legacy UE sees the whole carrier bandwidth as either 'D' or 'U' based on the cell-specifically indicated time domain TDD pattern TDD-UL-DL-ConfigCommon. In CONNECTED mode, if the active DL BWP spans the whole carrier, both 'D' subbands can be used for certain DL signals/channels that support non-contiguous frequency domain resource allocation (FDRA). These include the following:
· PDSCH scheduled by DCI 1_1 and DCI 2_1
· DCI 1_1 and DCI 2_1 support Type0 FDRA in which a bitmap indicates the scheduled RBGs which can be non-contigous
· PDCCH in a search space associated with a CORESET other than CORESET0
· The RRC parameter frequencyDomainResources within a CORESET configuration is a bitmap used to indicate groups of 6 contiguous RBs, and the groups can be non-contigous
For other signals/channels that support only contiguous FDRA then only one of the two 'D' subbands within the DL BWP can be used for legacy UEs.  These include the following
· SS/PBCH block
· PDSCH scheduled by DCI 1_0
· DCI 1_0 only supports Type1 FDRA in which the start PRB and number of contiguous RBs are indicated
· CSI-RS
[bookmark: _Toc110949044][bookmark: _Toc110950134][bookmark: _Toc111212052]For legacy UEs in CONNECTED mode, DL reception of some channels may occur within both 'D' RB sets, while reception of others is restricted to a single 'D' RB set.
Rel-18 UEs
In contrast to legacy UEs, if a Rel-18 UE has an active DL BWP in CONNECTED mode than spans the whole carrier, then it is within scope of the SI to consider enhancements for certain signals/channels to support non-contiguous FDRA according to the following agreement from RAN1#109-e.Agreement
Study the impact/potential enhancements of resource allocation in symbols with subbands that gNB would use for SBFD operation.

In current specifications, CSI-RS is limited to only contiguous FDRA. To enable non-contiguous FDRA, and thus make better use of both 'D' subbands, several possible enhancements exist.
One solution is to make use of the RRC configuration of RB sets as an implicit indication of RBs that are not available for DL transmission. This is illustrated in Figure 8 where based on either option, the 'U' RB set and guardbands are not available. Thus, a Rel-18 UE can be configured with a CSI-RS with contiguous FDRA (as in current specifications) that spans all RB sets of the carrier. The UE would understand that the RBs that intersect with the 'U' RB set and the guardbands are not available. This effectively results in a CSI-RS resource  with non-contiguous allocation in both of the 'D' RB sets. Similar handling is specified for Rel-16 NR-U with respect to RB set availability, but the Rel-16 behavior is to drop the whole CSI-RS if any RB set is unavailable (due to failed LBT). For SBFD, the UE would only drop the RBs that overlap the unavailable RBs, rather than the whole resource.
Another solution which allows for more configuration flexibility is to configure two CSI-RS resources, one per 'D' RB set, each with contiguous FDRA (as per current specications). The two CSI-RS resources can be treated as one effective CSI-RS resource by defining a separate ID to refer to the effective CSI-RS resource. This ID can be associated with the two legacy IDs by configuration. Alternatively, one could extend the current CSI-RS resource definition to explicitly configure non-contiguous FDRA in the two non-contigious 'D' RB sets.
[bookmark: _Toc110949045][bookmark: _Toc110950135][bookmark: _Toc111212053]For new (Rel-18) UEs in CONNECTED mode, DL reception of some channels may occur within both 'D' RB sets according to current specifications, while reception of others is restricted to a single 'D' RB set unless enhancements are made.
[bookmark: _Toc108694445][bookmark: _Toc108694516][bookmark: _Toc108694965][bookmark: _Toc108781427][bookmark: _Toc110949053][bookmark: _Toc110950503][bookmark: _Toc110950515][bookmark: _Toc110956362][bookmark: _Toc111212063]For new (Rel-18) UEs, it is beneficial to support enhancements to CSI-RS to allow non-contiguous frequency domain resource allocation, i.e., in both 'D' RB sets.
3.4	UL Signals and Channels
3.4.1	IDLE Mode
In the baseline SBFD solution, we assume that in IDLE mode, all UEs (legacy and Rel-18) are not aware that certain slots/symbols are configured as D-U-D. Such information is only made available to Rel-18 UES by dedicated signaling once the UE enters CONNECTED mode. Hence during initial access, UL transmissions by all UEs (legacy and Rel-18) would occur within the UL-only slot(s) indicated by TDD-UL-DL-ConfigCommon. These transmissions include
· [bookmark: _Hlk110947455]PRACH
· Msg3 PUSCH
· Cell-specifically configured PUCCH

[bookmark: _Toc110949054][bookmark: _Toc110950136][bookmark: _Toc111212054]For both legacy and new (Rel-18) UEs in IDLE mode, UL transmissions (i.e., during initial access) should occur only within UL-only slots.
3.4.2	CONNECTED Mode
Legacy UEs
A legacy UE in CONNECTED mode is not aware that certain slots/symbols are configured as D-U-D, same as for IDLE mode. Such a UE sees the whole carrier bandwidth as either 'D' or 'U'. Hence legacy UEs will be configured/scheduled only in the UL-only slot(s) indicated by TDD-UL-DL-ConfigCommon. Such UL transmissions can be configured/scheduled as per current specifications without changes. These signals include
· CG- and DG-PUSCH
· PUCCH resources configured by dedicated signaling
· SRS
· PRACH
In contrast to the DL where there is a need to restrict certain signals to only a single subband, no such constraints exist for legacy signals/channels in UL-only slots where all UL resources are inherently contiguous.
[bookmark: _Toc110949055][bookmark: _Toc110950137][bookmark: _Toc111212055]For legacy UEs in CONNECTED mode, UL transmissions should occur only within UL-only slots.
Rel-18 UEs
In CONNECTED mode, a Rel-18 UE can be configured/scheduled UL transmissions in either SBFD slots (configured as D-U-D) or UL-only slots as shown in Figure 10. In both cases, the RBs available for UL transmissions are contiguous. Hence in certain cases, current specifications which support contiguous FDRA can be reused for configuration/scheduling of the above list of UL signals/channels. These cases include:
· Case 1: Single/multi-slot UL transmissions in only SBFD slots
· Case 2: Single/multi-slot UL transmissions in only UL-only slots
· Case 3a: Multi-slot UL transmissions (e.g., PUSCH/PUCCH with repetition) spanning both SBFD and UL-only slots in which the indicated frequency domain resources are fully contained within the bandwidth of the UL subband, regardless of whether the slots are SBFD or UL-only.
Where there is a need for enhancement of current specifications is Case 3b defined to be the same as Case 3a except the indicated frequency domain resources are not fully contained within the bandwidth of the UL subband. This is an important case to study since it includes PUSCH and PUCCH with repetition which is the natural mechanism to realize the UL coverage enhancement potential of SBFD. Furthermore, this study fits with the following agreement from RAN1#109-e:Agreement
Study the impact/potential enhancements of resource allocation in symbols with subbands that gNB would use for SBFD operation.

Figure 11 shows an example of Case 3b in which a multi-slot PUCCH transmission is configured with inter-slot frequency hopping and  repetitions. A 5-slot TDD UL/DL pattern is assumed in which the first 4 slots consist of SBFD symbols, and the 5th slot consists of UL-only symbols. Hence the multi-slot PUCCH spans two cycles of the TDD UL/DL pattern. According to the current specifications, the first and second hop PRB indices are configured by the RRC parameters startingPRB and secondHopPRB which are valid for UL-only slots. The example shows hopping from one edge of the BWP to the other. Since the UL subband spans only a portion of the UL BWP, a mechanism is needed to indicate the PRB indices for the 1st and 2nd hops within SBFD slots. One simple mechanism could be to configure an RB offset relative to startingPRB and secondHopPRB to ensure that the frequency hopping is contained within the UL subband during SBFD slots.
[image: ]
[bookmark: _Ref110957494]Figure 11: Example of a multi-slot PUCCH transmission spanning both SBFD and UL-only slots configured with frequency hopping and  repetitions.

Figure 12 shows another example of Case 3b for PUSCH with repetition Type A with 10 repetitions. For UL-only slots, the FDRA field in the scheduling DCI indicates both a number of contiguous RBs with starting PRB index  near the lower end of the BWP, and a frequency hopping offset  for inter-slot frequency hopping such that the 2nd hop starting PRB index is near the upper end of the BWP. Just like for PUCCH, a mechanism is needed to indicate the starting PRB indices for the 1st and 2nd hops within SBFD slots. It would be undesirable from a coverage perspective to add a 2nd FDRA field to DCI for the SBFD slots. Hence, a more practical approach could be to re-interpret the bits in the existing FDRA field. For example, the bits of the FDRA field could be interpreted for UL-only slots with respect to the start of the UL BWP (as in the current spec), and then re-interpreted in SBFD slots in such a way that they are relative to the start of the UL subband. If frequency hopping is configured, the pre-configured list of RB offsets ( values) could be extended or a 2nd list defined such that the existing 1 or 2 bits in DCI used to indicate the RB offset could do so for both UL-only and SBFD slots.
[image: ]
[bookmark: _Ref110959027]Figure 12: Example of a multi-slot PUSCH transmission spanning both SBFD and UL-only slots configured with inter-slot frequency hopping and 10 repetitions.
Based on the above discussion, it is clear that it is needed to study enhancements to frequency domain resource allocation and frequency hopping indication for both PUSCH and PUCCH configured with repetitions that span both SBFD and UL-only slots.
[bookmark: _Toc110956363][bookmark: _Toc110949046][bookmark: _Toc110950138][bookmark: _Toc111212064]For new (Rel-18) UEs in CONNECTED mode, study enhancements to frequency domain resource allocation and frequency hopping mechanisms for PUSCH and PUCCH configured with repetition in order to allow repetitions to occur in both SBFD and UL-only slots.
Conclusion
[bookmark: _Hlk102138453]In this contribution we make the following observations: 
Observation 1	To avoid excessive desensitization to the reception of UL subband resources, self-interferences need to be suppressed well below the noise / reference sensitivity levels.
Observation 2	Digital self-interference cancellation solutions are more feasible for lower power BS with small coverage than for high power BS with massive MIMO capabilities.
Observation 3	For the low power BS class, such as the representative LA BS class, a single isolated BS can operate in the SBFD mode using existing hardware components and without the need of digital self-interference cancellation if antenna isolation of 80 dB is achieved.
Observation 4	Digital self-interference cancellation for MR BS SBFD operations needs to suppress not only TX direct leakage into the UL subbands but also spectrum regrowth caused by RX LNA nonlinearity and inter-carrier interference caused oscillator phase noises. The complexity scaling and the cancellation performance of digital cancellation solutions need further study.
Observation 5	For the medium power BS class, such as the representative MR BS class, self-interferences may be addressed with (1) hardware component upgrades, whose cost, complexity, energy consumption and heat dissipation issues scale linearly with the number of TX/RX chains; or with (2) digital self-interference cancellation, whose cost, complexity, energy consumption and heat dissipation issues scale quadratically with the number of TX/RX chains.
Observation 6	For the medium power BS class, such as the representative MR BS class, self-interferences mitigation solutions via hardware component upgrades, digital self-interference cancellation, or combinations of both are needed even with 80 dB antenna isolation. With any of these approaches, the RX chains suitable for SBFD operation require more or better hardware, higher energy consumption, and higher heat dissipation than those suitable for conventional static TDD operation.
Observation 7	For the high-power BS class, such as the representative WA BS class, self-interference powers are far above what current typical WA BS hardware is designed for even with 80 dB antenna isolation. Either of the hardware component upgrade and digital cancellation approaches can result in substantial cost, complexity, energy consumption, or heat management issues.
Observation 8	With typical inter-sector isolation of -45 dBc, the receivers for all three BS classes suffer from strong interference powers leaked from adjacent sectors far above the current BS operation specs. In some cases, BS receiver components may be permanently damaged.
Observation 9	With an improved inter-sector isolation of -60 dBc, the receivers for WA and MR BS classes still suffer from strong interference powers leaked from adjacent sectors far above the current BS operation specs. In some cases, BS receiver components may be permanently damaged.
Observation 10	The inter-sector isolation level plays a determining role on whether SBFD BS can be integrated with existing coverage layer cellular networks and sites.
Observation 11	A baseline SBFD time/frequency domain pattern should contain one or more UL-only slots. The remainder of the slots (configured as 'D' by TDD-UL-DL-ConfigCommon) can be configured for SBFD operation for new (Rel-18) UEs. A legacy UE sees slots/symbols configured for SBFD operation as DL-only slots.
Observation 12	For both legacy and new (Rel-18) UEs in IDLE mode, it is feasible that DL reception  (i.e., during initial access) can occur in only one of the 'D' subbands within SBFD slots/symbols configured as D-U-D. By "feasible," it is meant that assuming a certain minimum channel bandwidth, CORESET0 "fits" within a single 'D' subband in a symmetric D-U-D configuration in either FR1 or FR2. For 48 RB CORESET0, 40/100/400 MHz channel bandwidth is required for 15/30/120 kHz SCS.
Observation 13	For legacy UEs in CONNECTED mode, DL reception of some channels may occur within both 'D' RB sets, while reception of others is restricted to a single 'D' RB set.
Observation 14	For new (Rel-18) UEs in CONNECTED mode, DL reception of some channels may occur within both 'D' RB sets according to current specifications, while reception of others is restricted to a single 'D' RB set unless enhancements are made.
Observation 15	For both legacy and new (Rel-18) UEs in IDLE mode, UL transmissions (i.e., during initial access) should occur only within UL-only slots.
Observation 16	For legacy UEs in CONNECTED mode, UL transmissions should occur only within UL-only slots.

In this paper we make the following proposals:
Proposal 1	RAN1/4 to discuss solutions for improving inter-sector isolation in the SI to draw observations and conclusion on the feasibility and applicability of SBFD for the TR.
Proposal 2	RAN1 to study alternative opportunistic TDD operation approaches than the SBFD approach for UL coverage, throughput and latency improvements. In particular, some of these alternatives do not require complicated hardware and do not suffer from self-interference or inter-sector interference of its own network.
Proposal 3	RAN1/4 to discuss solutions for improving co-located inter-operator isolation in the SI to draw observations and conclusion on the feasibility and applicability of SBFD for the TR.
Proposal 4	RAN1/4 to study solutions, performance and applicability for SBFD operations in multi-carrier and/or multi-band BS.
Proposal 5	For SBFD operation for new (Rel-18) UEs, dedicated RRC signaling configures both the time domain pattern in terms of which slots/symbols are used for SBFD operation, and the frequency domain pattern in terms of RB sets with 'D' and 'U' direction (e.g., D-U-D) and guardbands between the RB sets. For example, the time/frequency pattern can be indicated via an enhancement of the existing TDD-UL-DL-ConfigDedicated IE.
Proposal 6	Dynamic indication is not supported for either the slots/symbols used for SBFD operation in the time domain or for the size/location of the subbands in the frequency domain.
Proposal 7	UEs in IDLE mode are not aware of whether or not symbols/slots are used for SBFD operation.
Proposal 8	For new (Rel-18) UEs, it is beneficial to support enhancements to CSI-RS to allow non-contiguous frequency domain resource allocation, i.e., in both 'D' RB sets.
Proposal 9	For new (Rel-18) UEs in CONNECTED mode, study enhancements to frequency domain resource allocation and frequency hopping mechanisms for PUSCH and PUCCH configured with repetition in order to allow repetitions to occur in both SBFD and UL-only slots.
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