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1	Introduction
There is an ongoing Rel-18 study item ‘Study on Evolution of NR Duplex Operation’ [1], motivated for improving uplink (UL) performance in NR TDD operations in unpaired spectrum, and which is studying feasibility and solutions for duplex evolution with some key scoping aspects as follows:
· Studying sub-band non-overlapping full duplex (SBFD) and potential dynamic TDD enhancements,
· Considering duplex enhancement only at base-station (BS) side, half duplex operation at UE side,
· No restrictions on frequency ranges – both FR1 and FR2 are being studied.
In this contribution, we provide an overview of our SBFD-related learnings so far and share our views on Rel-19 continuation work on SBFD. Our learnings are categorized in the following three sections:
· Overview of SBFD including motivation, interference issues, simpler alternative techniques,
· Performance aspects in single operator isolated indoor deployments, and in two operator outdoor urban macro deployments,
· Implementation feasibility aspects for single-carrier lower and higher output power BSs, multi-carrier BSs.
[bookmark: _Ref178064866]2	Overview of SBFD
[bookmark: _Ref133344622]2.1	Motivation of SBFD
For an isolated or greenfield deployment with no need to coexist with other network operators in adjacent channels or bands, an operator is free to adopt any TDD downlink (DL)/UL configuration that suits the specific traffic patterns of the deployment. For instance, an operator can adopt a DDDDU or a DUDDU DL/UL configuration depending on the relative capacity needs for the DL and UL traffic.
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Figure 1 In an isolated or greenfield deployment, an operator is free to adopt any TDD DL/UL configuration that suits the specific traffic patterns of the deployment.

However, most TDD deployments need to conform to a specific prevailing TDD DL/UL configuration in order to coexist with other operators in adjacent channels or bands. Without such coordination between operators, severe inter-network interference can degrade performance of the either the own or other operators’ network substantially. It is particularly important for the new deployment operator to avoid transmitting high power DL signals from its BS during existing networks’ UL operation.
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Figure 2 When Operator A deploys a new network in channels adjacent to other existing TDD channels/ bands (e.g., Operator B in the figure), a prevailing TDD DL/UL configuration needs to be followed to avoid severe inter-network interference. In particular, the new deployment needs to avoid transmitting high power DL signals from its BS during existing networks’ UL operation.
Sub-band full duplex (SBFD) operation at BSs has been studied in 3GPP Rel-18 as a potential enabler for a network operator to appropriate excess DL radio resources for UL operations. As illustrated below, during a DL slot, a portion of the channel is used for receiving UL transmissions from the UEs. Such a portion used for UL reception is termed UL subband, and the portion used for DL transmission is termed DL subband.
With more UL radio resources, UL coverage and latency can potentially be improved. However, these potential UL improvements do not come for free – for example, a SBFD operator needs to carefully trade off DL performance losses with potential UL performance improvement since DL radio resources are reduced and reassigned for UL traffic.
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[bookmark: _Ref132625136]Figure 3 SBFD enables an operator (e.g., Operator A in the figure) to appropriate excess DL radio resource for UL operations while largely conforming to the existing TDD DL/UL configuration (e.g., used by Operator B in the figure).

[bookmark: _Toc136348355]For an isolated or greenfield deployment with no need to coexist with other operators in adjacent channels or bands, an operator is free to adopt any TDD DL/UL configuration that suits the specific traffic patterns of the deployment.
[bookmark: _Toc136348356]SBFD is a potential enabler for a network operator to appropriate excess DL radio resources for UL operations while largely conforming to an existing TDD DL/UL configuration to coexist with other networks in adjacent channels/ bands.
[bookmark: _Toc136348357]An SBFD operator needs to carefully trade off DL performance losses with potential UL performance improvements since DL radio resources are reduced and reassigned for UL traffic.

2.2	Interference issues caused by SBFD BS operation
At an SBFD BS, the radio resources within the UL subband during a prevailing DL slot are interfered by several sources listed below.
1. [bookmark: _Hlk132362167]Self-interference
The DL transmissions from the SBFD BS itself interferes with the UL signals the SBFD BS attempts to receive. The self-interference can be caused by DL transmissions in the same channel, and in case of multi-carrier BSs also by DL transmissions in adjacent channels/ bands.
2. Co-channel BS-BS cross link interference (CLI)
The DL transmissions from other BSs in the SBFD network interfere with the UL signals the SBFD BS attempts to receive.
3. Adjacent channel BS-BS CLI
The DL transmissions from other BSs in other networks in adjacent channels/ bands introduce adjacent channel interference to the UL signals the SBFD BS attempts to receive.
Furthermore, the UEs transmitting UL signals during a prevailing DL slot interfere with other UEs in the SBFD network as well as in the existing networks in adjacent channels/ bands.
4. Co-channel UE-UE CLI within the same SBFD network
The UL transmissions from the UEs in the SBFD network interfere with other UEs attempting to receive DL signals in the same SBFD network.
5. Adjacent channel UE-UE CLI to adjacent channel networks
The UL transmissions from the UEs in the SBFD network interfere with other UEs attempting to receive DL signals in other networks in adjacent channels/ bands.
Several mitigation solutions against the above-listed interferences will need to be implemented including, for example –
· Revamping the BS antenna construction to achieve large intra-BS and inter-sector transmitter to receiver isolation (more than doubling the antenna size to retain the same antenna array gain compared to legacy TDD),
· Improved frequency selectivity and linearity of the transmission and reception chains of the analog/ digital radio front-ends of BSs as well as UEs, 
· Enhanced hardware and processing capabilities of the digital basebands of BSs.
Further discussion on the implementation aspects of SBFD is presented in Section 4.
The new UL subband resources in the SBFD slots can be considered opportunistic in the sense that UL transmissions in these new resources, potentially suffering from multiple self-interference or CLIs from within the same or other operator networks, may or may not succeed even with the mitigating solutions. Hence, SBFD operations can be expected to be more effective in low network load situations. The performance implications of this characteristic for SBFD are further investigated in Section 3.

[bookmark: _Toc136348358]SBFD operations cause (1) self-interference issues within the SBFD network, (2) co-channel CLI issues within the SBFD network, (3) adjacent channel CLI issues to the SBFD network from existing TDD networks in adjacent channels/bands, and (4) adjacent channel UE-UE CLI from the SBFD network to existing TDD networks in adjacent channels/bands.
[bookmark: _Toc136348359]To attempt to mitigate interference issues in a SBFD network, extensive BS hardware modifications and higher operating energy consumption can be expected, particularly for higher output power BSs.

2.3	Simple alternatives to SBFD BS operations
A simple approach to improve UL coverage is to consider UEs with higher transmit powers such as 26 dBm. In the following, we further discuss two alternatives to improve both coverage and latency for the UL.
2.3.1	Single-band alternatives
If the purpose is to introduce opportunistic UL resources for UL coverage and latency improvements, an alternative solution that can avoid self-interference and co-channel CLI can be considered. For instance, an operator can configure one more UL slot compared to the prevalent static TDD DL/UL configuration. This is illustrated in the figure below. The left option directly addresses adding capacity to the UL while the right option further enables more frequent UL resources to reduced UL latency, while both can improve UL coverage.
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[bookmark: _Ref132625125]Figure 4 Simple single-band alternative opportunistic UL operations for Operator A.

Because all nodes in Operator A network follow the same TDD DL/UL configuration, these new UL resources do not suffer from self-interference or co-channel CLI. As a result, this UL-heavier static TDD operation does not require extensive hardware revamp as in the case of SBFD operation.
The new UL resources are considered opportunistic because they can suffer and introduce CLIs across channels/networks.
1. Adjacent channel BS-BS CLI from adjacent channel networks
The DL transmissions from Operator B BSs in adjacent channels/bands introduce adjacent channel interference to the UL signals the Operator A BSs attempt to receive (refer to Figure 4).
2. Adjacent channel UE-UE CLI to adjacent channel networks
The UL transmissions from Operator A UEs interfere with Operator B UEs attempting to receive the DL signals from Operator B BSs (refer to Figure 4).
Because of fewer potential interference sources, this UL-heavier static TDD operation with similar DL/UL resource allocation can achieve similar or better performance than the SBFD operation in the same deployment scenario – e.g., at all loads in FR1 local area indoor deployments, and at medium/high loads in FR1 outdoor urban macro deployments. SBFD can provide unique UL performance gains in the FR1 outdoor urban macro deployment scenario at low system loads – however, low load is needed in all co-existing networks in the same frequency band. Comparison between the two approaches – SBFD and UL-heavier static TDD operation, is provided in Section 3 on the performance aspects of SBFD.

[bookmark: _Toc134715692][bookmark: _Toc134715693][bookmark: _Toc135653232][bookmark: _Toc135653843][bookmark: _Toc135654883][bookmark: _Toc135653233][bookmark: _Toc135653844][bookmark: _Toc135654884][bookmark: _Toc136348360]Similar or better UL performance improvements as may be obtained using SBFD can also be obtained by operating a UL-heavier static TDD operation in the network because all self-interference and co-channel CLI are avoided – e.g., at all loads in FR1 local area indoor deployments, and at medium/high loads in FR1 outdoor urban macro deployments.
[bookmark: _Toc136348361]Opportunistic UL operations in a SBFD network or a UL-heavier static TDD network can suffer from adjacent channel BS-BS CLI from adjacent channel networks as well as cause adjacent channel UE-UE CLI to adjacent channel networks.
[bookmark: _Toc136348362]The UL-heavier static TDD network operations can be enabled with software changes alone (and without the need of any hardware changes).

2.3.2	Inter-band carrier aggregation alternatives
Many operators have access to channels in multiple bands that are far apart such that different TDD DL/UL configurations or periodicity shifts can be adopted without causing interference. One example is illustrated in the figure below. The operator adopts the prevailing (or potentially different) TDD DL/UL configurations in band X and band Y, respectively. In this diagram, the TDD DL/UL configuration periodicities in the two bands are shifted relative to each other. The periodicity shift with respect to one of the bands as reference can be coordinated with other operators, so that all operators in both bands are synchronized.
· A UE in carrier aggregation with both carriers will have access to frequent UL resources to achieve the same benefits of improved UL coverage, throughput, and latency. 
· These benefits can be obtained using current BSs on the market without the need to change the 3GPP specs or BS hardware implementations.
· No inter-operator interference is introduced in either band.
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[bookmark: _Hlk132807414]Figure 5 Simple multi-band alternative for Operator A where DDDDU is used in band X and DDDUU is used in band Y, where the periodicities in the two bands are shifted relative to each other.
[bookmark: _Toc136269620][bookmark: _Toc136269647][bookmark: _Toc136270867][bookmark: _Toc136269621][bookmark: _Toc136269648][bookmark: _Toc136270868][bookmark: _Toc136269622][bookmark: _Toc136269649][bookmark: _Toc136270869][bookmark: _Toc136269623][bookmark: _Toc136269650][bookmark: _Toc136270870][bookmark: _Toc136269624][bookmark: _Toc136269651][bookmark: _Toc136270871][bookmark: _Toc136348363]Similar or better UL performance improvements can be obtained by inter-band carrier aggregation with relative TDD DL/UL configuration periodicity shifts using current BSs on the market.
[bookmark: _Toc136348364]The inter-band carrier aggregation alternative does not require 3GPP spec changes and does not introduce inter-operator interference.

3	Performance aspects of SBFD BSs
In the following sub-sections two very different scenarios are evaluated to illustrate the performance of SBFD: 
The first one is a single operator isolated low power indoor deployment in FR1. Due to the lower gNB transmission power and non-sectorized sites, this scenario is on the more feasible end of the scale (Section 4 contains some related feasibility analysis). In addition, thanks to the isolated single operator setup, there is no external interference to the SBFD system. As this scenario is not coverage limited, we focus on latency improvements in the evaluations in Section 3.1.
The second one is a two-operator high power outdoor deployment with a large proportion of clustered indoor UEs. Due to the high gNB transmission power and sectorized sites, this scenario is on the less feasible end the scale (Section 4 contains some related feasibility analysis). In addition to the high power and sectorized sites, there is also interference from and to the adjacent operator. As this scenario is coverage limited, we focus on coverage improvements in the evaluations in Section 3.2. In addition, we analyze the impact on the legacy operator that is susceptible to interference from SBFD gNBs transmitting in DL and SBFD UEs transmitting in UL.
In these evaluations the optimistic assumption that a particular single UE has either only DL or only UL traffic was made. In realistic traffic conditions, a UE would typically have traffic in both directions and thus the half-duplex constraint of the UE would negatively impact any potential SBFD gains. In other words, in normal traffic conditions, UE capable of simultaneous UL and DL would likely be needed to achieve the full gains.
Further we choose the most optimistic antenna assumptions for SBFD, i.e., where the static TDD system and SBFD system have the same antenna gain. This implies that the total antenna area of the SBFD system is more than doubled compared to the static TDD system.
[bookmark: _Ref132801759]3.1	Single Operator FR1 local area indoor deployment – Isolated 
In this section we present a set of results for an isolated single operator FR1 local area indoor deployment. For simulation details and more extensive results see R1-2304791 [2]. 
From Figure 6 we draw the following conclusions: 
· Both SBFD (XXXXU) and static TDD 2UL (DUDDU) give latency gains compared to the static TDD 1UL (DDDDU) configuration for all three system load conditions.
· Comparing SBFD (XXXXU) and static TDD 2UL (DUDDU), which have approximately the same amount of UL resources, there is a slight advantage for SBFD thanks to that UL resources are available in every slot. Note however, that to make full advantage of UL resources in every slot, a UE capable of simultaneous UL and DL would likely be needed.
· For larger files, having UL resources every slot has less of an effect as a single file requires multiple slots to be completed and thus exact placement of UL resources plays less of a role.
· Reduced DL resources, e.g., comparing static TDD 1UL (DDDDU) to SBFD (XXXXU) or static TDD 2UL (DUDDU), results in that DL latency deteriorates at high load, especially for large files. The reason being that reduced amount of DL resources results in increased queuing times and higher interference.
In R1-2304791 [2] we also study what happens if the indoor deployment is coexisting on the same frequency as an outdoor Macro system using static TDD 1UL (DDDDU). In general, the conclusion of the isolated scenario remains, but we observe smaller gains for SBFD (XXXXU), and static TDD 2UL (DUDDU) schemes compared to the baseline static TDD 1UL (DDDDU) scheme, due to the interference from the Macro gNB’s DL to the indoor system’s UL.
Based on the results in R1-2304791 [2] and above, we make the following observation:
[bookmark: _Toc136348365]For FR1 indoor deployments, SBFD (XXXXU) provides UL latency gains compared to the reference TDD system (DDDDU) at the cost of reduced DL performance. However, a simpler static TDD system (DUDDU) with similar amount of UL resources as SBFD (XXXXU) offers similar UL gains.
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[bookmark: _Ref132807553]Figure 6 Comparison of 50%ile latency at low, medium, and high loads in an isolated Indoor Network in FR1 deploying static TDD 1UL {DDDSU}, SBFD {XXXXU}, static TDD 2UL {DUDDU}, for large packet sizes (upper figures) and small packet sizes (lower figures). Both SBFD {XXXXU} and static TDD 2UL {DUDDU} give similar UL gains and DL losses compared to the baseline static TDD 1UL {DDDDU}.

3.2	Two-operator Co-existence: Urban Macro
Inter-operator coexistence between a legacy Static TDD network and a new SBFD network in the same FR1 band in Urban Macro scenario has been intensively studied in the Rel-18 SI through system level simulations in both RAN1 and RAN4. RAN1 mainly focuses on the impact on the performance of the SBFD network when coexisting with the legacy Static TDD network, while RAN4 mainly investigates the impact on the performance of the legacy Static TDD network from the deployment of the SBFD network in the adjacent channel. In the following discussion we show selected results and highlight our primary observations from the studies. The details of the simulation campaigns, simulation assumptions and methodologies can be found in our contribution papers R1-2302769 [3] and R4-2304093 [4]. 
We choose to focus this section on the study of two-operator co-existence in FR1 Urban Macro scenario as it is representative of real deployments where multiple operators (or multiple carriers of a same operator) share the same band. Moreover, we assume 100% grid-shift between the two networks, which gives better isolation and hence less inter-network BS-BS interference. This should be seen as a highly optimistic case that is very rare in real deployments - it requires operators to be able to co-ordinate with one another and build their sites in exactly the right positions. Furthermore, they may need to compromise the performance of their networks to achieve 100% grid shift. Also, it is not possible if there are 3 operators.
The rest of this section is organized in two main parts. When a SBFD network is deployed in the adjacent channel to a legacy TDD network, it is very important to ensure that the deployment of the SBFD network does not degrade the performance of the TDD network, to protect the incumbent investment. Therefore, we will first analyze the impact of the SBFD network on the performance of the legacy TDD network. Then we further investigate the performance for the SBFD network when it co-exists with the legacy TDD network. The SBFD network suffers from both internal (co-channel) interference and from adjacent channel interference generated by the legacy TDD network. Finally, to gain more knowledge on the performance benefits and drawbacks introduced by SBFD, we compare SBFD performance to an alternative static TDD solution with the same percentage of UL resources: static TDD 2UL (DUDDU).
3.2.1	Impact on legacy TDD network (victim) from deployment of SBFD network (aggressor)
When co-existing with a neighbouring SBFD network with carrier configuration XXXXX (X indicates an SBFD slot), where the last slot (having both DL and UL) is not synchronized to the legacy TDD UL transmission direction, the signal power from SBFD DL sub-band in the adjacent channel can leak into the TDD carrier (mainly due to TX nonlinearity in the aggressor network and RX nonlinearity and selectivity in the victim network), causing inter-network BS-BS CLI. This can degrade the UL performance of the legacy TDD network.
In RAN1 studies, SBFD operation in legacy TDD DL symbols is prioritized. In this case, the users of the legacy TDD network can also experience inter-network UE-UE CLI, caused by SBFD UL sub-band transmission in the close vicinity, which leads to degradation in the DL performance in the legacy TDD network.
Figure 7 provides simulation results showing the UL and DL 5th percentile of the per user mean perceived throughput (UPT) for the legacy TDD network (Network 1) with 1 UL slot and pattern DDDDU. The performance is evaluated for Network 1 coexisting with a second network (Network 2) with a variety of different duplex schemes: static TDD 1 UL (DDDDU); SBFD with pattern XXXXX; static TDD 2UL (DUDDU); and SBFD with pattern XXXXU. Among these coexistence scenarios, the baseline for performance comparison is Network 2 with TDD 1 UL (DDDDU).

[image: ] [image: ] Degradation due to inter-network BS-BS CLI
Degradation due to inter-network UE-UE CLI

[bookmark: _Ref133344214]Figure 7 Performance of a legacy TDD network (Network 1) in coexistence with different duplex schemes for Network 2: (a) 5th percentile of per user mean perceived UL throughput; (b) 5th percentile of per users mean perceived DL throughput.
It can be observed in Figure 7(a) that the UL performance of the legacy TDD network degrades dramatically due to BS-BS CLI when coexisting with SBFD XXXXX. The degradation increases with the system load in the SBFD network. In the worst case, the UL receiver in a TDD BS can even get blocked by strong DL transmission signal from neighbouring SBFD BSs. Our system simulation result shows that, the UL coverage of the legacy TDD network (in terms of 5th percentile per user mean perceived throughput) degrades by 29%, 85% and 100% at low, medium and high load situation respectively, due to co-existence with the SBFD XXXXX network. It is worthy noting that the BS-BS CLI situation and its impact on legacy TDD UL performance would become even worse if the the deployments were not exactly coordinated to be 100% Grid-Shift. It can also be observed that when coexisting with SBFD XXXXU, where the legacy TDD and the SBFD network maintain a synchronized UL slot every fifth slot, inter-network BS-BS CLI does not occur and hence the UL performance in the legacy TDD network is on par with the baseline scenario.
[bookmark: _Toc136348366]When a legacy TDD network coexists with a SBFD network in the adjacent channel, if an UL symbol of the TDD network overlaps in time with an SBFD symbol in the SBFD network, UL performance of the TDD network significantly degrades, caused by strong BS-BS CLI generated by the DL subband in the SBFD network.

Secondly, it can be observed in Figure 7(b) that the DL performance of the legacy TDD network degrades when coexisting with SBFD XXXXX and SBFD XXXXU. According to the system simulation result, the DL coverage of the legacy TDD network (in terms of 5th percentile per user mean perceived throughput) degrades by 4%, 8% and 14% at low, medium and high load situation respectively, when co-existing with the SBFD XXXXX network. This is caused by UE-UE CLI from the transmission in the SBFD UL sub-band as explained earlier. It is also worth mentioning that the DL performance in the TDD network is less impacted when coexisting with SBFD XXXXU than SBFD XXXXX. This is because under the same traffic situation, a percentage of the UL traffic in SBFD XXXXU is carried in the ‘protected’ UL slot, and hence fewer transmissions occur in the SBFD UL subband.
Similar coexistence performance to SBFD XXXXU is observed when the legacy static TDD network coexists with another static TDD network with a different pattern, i.e. DUDDU. Since the last UL slot is maintained synchronized to the legacy pattern, no degradation is observed in UL compared to the baseline. In DL, UE-to-UE CLI can be generated against the legacy DL due to the UL transmissions happening in the second slot, This impact is reduced compared to the SBFD XXXXX case, since a part of the UL traffic goes through the synchronized slot.
[bookmark: _Toc136348367]When a legacy TDD network coexists with a SBFD network in the adjacent channel, the DL performance of the TDD network is degraded by the UE-to-UE CLI generated by the UL subband in the SBFD network.

3.2.2	Impact on SBFD network (victim) from legacy TDD network (aggressor)
As discussed in Section 2.1, SBFD involves shifting radio resource from DL to UL operations so as to improve UL performance in terms of coverage and latency. Due to that, SBFD operation suffers from various sources of CLI, intra- and inter-network. In an isolated non-sectorized deployment scenario with low BS transmission power, the negative impact of CLIs on SBFD performance can be more easily controlled and mitigated, to a large extent, due to the lower transmission power and non-sectorized deployments, so that SBFD operation can be feasible, and the expected gains can be achieved. The single operator indoor deployment that was discussed in the previous section is an example of such use case. However, in an Urban Macro scenario where SBFD coexists with a legacy TDD network, the CLI situation is much more challenging for SBFD operation. Figure 8 below shows SBFD performance in terms of UL and DL 5th percentile of mean per-user perceived throughput (UPT) when coexisting with a legacy TDD network in three different load situations.
Figure 8(a) shows the 5th percentile of per-user mean UPT in UL for various duplex schemes for Network 2 when coexisting with a legacy TDD network (Network 1) with static TDD 1 UL with pattern DDDDU. It can be observed that at low load, both SBFD XXXXX and XXXXU achieve higher UL UPT compared the baseline scenario of static TDD 1 UL (DDDDU). However, as system load level increases, increased BS-BS CLI from intra- and inter-network causes the SBFD UL performance gain to decrease dramatically. It is worth to mention that at high load, SBFD XXXXX UL performance deteriorates so much that it is almost not functioning. The graph also shows that SBFD XXXXU, which allocates an UL slot every fifth slot in synchronization with the legacy TDD network ('protected’ UL slot), still provides acceptable performance in the UL even at high load, but not significantly better than the baseline static TDD 1 UL system. This is because SBFD XXXXU appropriates DL resource to UL operation, achieving better UL performance at the cost of degraded DL UPT, which can be seen in Figure 8(b). Further investigation into the simulation results reveals that at medium and high load, UL subband in SBFD symbols suffers so much from BS-BS CLI that it hardly conveys any UL traffic. Most of UL traffic is carried in the ‘protected’ UL slot.

[image: ] [image: ]Degradation caused by inter-network interference

[bookmark: _Ref133352688]Figure 8 Performance of Network 2 with different duplex schemes in coexistence with a legacy TDD network (Network 1): (a) 5th percentile of per-user mean perceived UL throughput; (b) 5th percentile of per-user mean perceived DL throughput. Note: “No ACI” refers to the hypothetical situation of no adjacent channel interference.

[bookmark: _Toc134715702][bookmark: _Toc135653242][bookmark: _Toc135653853][bookmark: _Toc135654893][bookmark: _Toc135653243][bookmark: _Toc135653854][bookmark: _Toc135654894][bookmark: _Toc136348368]In UMa coexistence scenario, SBFD operation achieves UL performance gain only at low system load. When the system load increases, the SBFD UL performance gain reduces dramatically. It is observed that SBFD XXXXX UL is almost not usable at medium and high load. To maintain acceptable UL performance at medium and high load, a ‘protected’ UL slot in SBFD operation is necessary, but still does not provide significant gain compared to the baseline static TDD 1 UL system.

To further study inter-network interference impact on SBFD performance, we ran additional simulations for each duplex scheme by assuming ideal isolation between the networks (i.e., turning off adjacent channel interference (ACI)). The results are collected in the same graphs in Figure 8 but shown with bars with dashed borders labeled as “No ACI.” By comparing SBFD performance with and without ACI, it is evident that SBFD performance in UL is degraded significantly due to inter-network interference, while the performance in DL is much less affected.
[bookmark: _Toc135653245][bookmark: _Toc135653856][bookmark: _Toc135654896][bookmark: _Toc136348369]SBFD performance in UL suffers from adjacent channel interference (ACI) from the legacy TDD network, while performance in DL is less vulnerable.

Comparing SBFD performance with a simple TDD alternative pattern with similar DL/UL resource allocation ratio can provide another angle of analysis to the benefit and drawback of the technologies. For a DL heavy scenario, it is fair to compare the performance of SBFD XXXXX with static TDD 1 UL (DDDDU) and in a scenario where more UL traffic is anticipated, to compare SBFD XXXXU with static TDD 2UL (DUDDU). It is worth highlighting that, the 'fairness’ of the comparison is purely based on equal DL/UL resource allocation ratio. 
From Figure 8 it is observed that in the UMa coexistence scenario, static TDD 1 UL (DDDDU) can achieve better DL and UL performance in terms of mean UPT compared to SBFD XXXXX. The only exception is at low load where SBFD XXXXX provides better UL performance compared to static TDD 1 UL (DDDDU). When comparing static TDD 2 UL (DUDDU) with SBFD XXXXU, it is observed that both schemes achieve comparable performance in both DL and UL at medium and high load. SBFD XXXXU still offers a gain compared to TDD 2 UL at low load, albeit at the cost of significant complexity. To achieve such gains at low load, SBFD operation requires double antenna array size and various interference mitigation techniques such as antenna spatial isolation, self-interference Cancelation, TX beam nulling, inter-sector antenna isolation, etc. Furthermore, we note that the performance comparison shown in Figure 8 is based on optimistic/aggressive isolation assumptions employed in the simulations.
[bookmark: _Toc136269632][bookmark: _Toc136269659][bookmark: _Toc136270879][bookmark: _Toc136348370]In UMa coexistence scenario, SBFD operation does not outperform its counterpart static TDD alternative with similar DL/UL resource allocation ratio at medium/high loads. SBFD gains are limited to low system load – however, low load is needed in all co-existing networks in the same frequency band. The extra cost and technical complexity to support SBFD operation makes the technology even less appealing, at least in the UMa coexistence scenario.

As a final statement to conclude our system level simulation on SBFD coexistence with legacy TDD network, we do not think SBFD without protected UL (e.g., SBFD XXXXX) should be supported in UMa coexistence scenarios. In general, we believe SBFD operation in UL symbols in the prevailing TDD DL/UL configuration should not be allowed as it impacts already deployed TDD networks which is unacceptable.
[bookmark: _Toc136348376]Do not support configuration of SBFD symbols in a network that overlap in time with UL symbols of a legacy network in the adjacent channel to avoid coexistence issues at least in FR1 UMa co-existence scenarios.

4. Implementation feasibility aspects of SBFD BSs
In the Rel-18 study item, extensive feasibility analysis has been conducted for different types of SBFD BSs (e.g., classified based on BS output power) by considering achievable realistic levels of antenna isolation for self-interference and inter-sector interference, as well as realistic BS transmitter and receiver designs [5][6]. In addition to antenna isolation aspects summarized in section 4.1, the BS transmitter unwanted emission leakage, receiver linearity and selectivity as well as interference mitigation schemes such as beam nulling, analog cancellation, digital cancellation and combination of these schemes are included in the analysis. The parameters and models representing the selectivity, linearity, and dynamic range performance of the BS transmitter and receiver chains are chosen to be better than the performance needed to meet the minimum requirements in the current BS specifications. For example, the receiver blocking model agreed for SBFD FR1 WA BS is ~30 dB more capable compared to current minimum RAN4 requirements. Furthermore, the feasibility analysis in the SI is limited to single carrier BS case regardless of the number of carriers supported by a BS. We briefly discuss some multi-carrier aspects in section 4.3 below. Also, the Rel-18 SBFD feasibility analysis in RAN4 has assumed that BSs only just meet the receiver sensitivity requirement. If a BS would already have better sensitivity than the minimum requirement, then the SBFD implementation feasibility challenge would be even tougher. 
In some cases, detailed analysis has been conducted to investigate the feasibility and benefits of extreme parameter improvements, e.g., improvements of BS receiver linearity expressed as receiver Input third order Intercept Point (IIP3). The analysis implied that for sufficient IIP3 improvements to enable SBFD in high power BSs, the receiver line up would need to include highly linear LNAs as well as Fixed RF filters (corresponding to UL sub-band) between the LNA stages. This approach may not pose any significant impact on the receiver Noise Figure but the power consumption of the receiver chain could be 4-5 times higher. In addition, the RF filters for UL-sub-band providing attenuation of the DL sub-bands would be challenging to implement and would limit the level of integration. Moreover, they would need to be operator specific, due to usage of customized and non-flexible hardware.  
The complexity of interference cancellation schemes scales with the type of BS. For instance, digital self-interference cancellation complexity per polarization scales with (n x n x number of taps) where n is the number of receiver/transmit sub-arrays and number of taps represents the complexity of channel estimation for self-interference including the isolation enhancement structures and also the reflected/ diffracted power entering the BS receiver. For high power BSs with large antenna arrays consisting of many sub-arrays, n will be large while for low power BSs with limited number of sub-arrays, n can be much lower compared to high power BS cases. For analog cancellation, the array size also plays a significant role in terms of number of needed cancellers as well as the routing solutions for routing the signal between TX and RX sub-arrays.
[bookmark: _Toc136348371]Implementation complexity and operating costs of a SBFD-capable BS depends strongly on the targeted output power levels and antenna array size.
The SBFD feasibility for different types of BSs not only depends on the BS output power but also the receiver noise floor. For low power BS classes in addition to lower output power, the receiver noise floor is allowed to be higher resulting in much lower dynamic range to be handled. The feasibility analysis during the Rel-18 SI covers both FR1 and FR2. 
In the following sub-sections, we summarize our key learnings and observations on the implementation feasibility of SBFD BSs. 

4.1	Fundamental changes to BS antenna design and construction
To be able to handle the large difference between the signal powers at a BS’s transmitter and receiver, advanced antenna design solutions can partly be used to increase the isolation between the transmitter and receiver for SBFD capable BSs. Consistently and reliably achieving a certain minimum amount of antenna isolation between the transmitter and receiver is key to making SBFD BS implementation feasible. Significant antenna isolation needs to be achieved not just between the transmitter and receiver of the same BS, but also across co-sited BSs in a multi-sector deployment. 
[image: ]
[image: ]
Figure 9 Example of SBFD antenna design and a corresponding example radiation pattern. 
The desired minimum amount of antenna isolation is dependent on factors such as BS TX power and deployment scenario, e.g., high output power BSs in outdoor deployments would need more isolation compared to low output power BSs in isolated indoor deployments. The larger the achievable antenna isolation, the lesser is the complexity and need of additional interference handling mechanisms. By having separate transmit and receive antenna panels and inclusion of isolation enhancement structures, significantly high antenna isolation can be achieved. The isolation enhancement structures could be chokes, Electromagnetic Band Gap (EBG) or other structures. Even a combination of such isolation enhancement structures could be used to achieve an improved overall isolation. 
If there are no explicit constraints on the size of SBFD BSs, the transmit and receive antenna panels can maintain same gain as a static TDD BS but the corresponding size of the SBFD capable BS would be more than two times larger. Also, depending on challenges at actual deployment sites – e.g., constraints on available installation area and weight, wind load considerations, etc., usage of enlarged antenna arrays may not be always feasible, particularly for FR1 where the antenna size for static TDD can be quite large already.
Meanwhile, if there are constraints on the size of SBFD BSs, the individual transmit and receive antenna panels need to be made smaller compared to the panel of a conventional TDD BS of a similar size. At the same time, dedicated physical space is required between the panels to accommodate the isolation enhancement structures. If the size of the antenna of a SBFD BS is to be kept the same as the baseline static TDD BS, the transmit and receive antenna gain would be lowered by more than 3 dB together with potential reduction in the BS TRP due to fewer transmitters.
The certain minimum amount of required antenna isolation for a SBFD BS should be achieved over the entire operating band of the BS regardless of if SBFD is configured on one or more carriers, otherwise the BS would be limited to carrier specific SBFD operation.
We have conducted extensive electromagnetic simulations to quantify the achievable intra-BS as well as inter-sector isolation between transmit and receive antenna panels covering both FR1 and FR2 [5][6]. It was observed that beam-forming within the scan range of the antenna has significant impact on achievable intra-BS antenna isolation especially for FR1 but this impact is less accentuated for FR2. 
[bookmark: _Toc136348372]Beam-forming within scan range of the antenna has significant impact on achievable intra-BS antenna isolation especially for FR1 but this impact is less accentuated for FR2.
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Figure 10	Example of FR1 SBFD intra-BS antenna isolation and beam-forming dependencies.
4.2	Summary of single-carrier BS analysis
4.2.1	Lower output power BSs
For lower power BS classes, e.g., corresponding to micro and pico cell applications, the feasibility analysis for FR1 and FR2 indicates that, with realistic antenna isolation assumptions and reasonable improvements in BS receiver chains (in particular for upper power level ranges) combined with some cancellation schemes such as beam nulling or digital cancellation, SBFD could be feasible [5]. In particular, it is most feasible for isolated indoor deployments involving non-sectorized BSs with typical BS output power levels of around ~23 or 24 dBm. As spatial isolation can vary depending on the beam forming considering self-interference and inter-sector isolation (the latter in sectorized deployments), degradation beyond 1 dB receiver sensitivity degradation is likely to occur in reality in sectorized deployments.. In the Rel-18 work, it was observed that for FR2, the antenna isolation and beam nulling performance can be more consistent than in FR1 since it is observed that the intra-BS antenna isolation has less dependency on beam forming within the scan range of a FR2 BS. 
[bookmark: _Toc136348373]For lower output power single-carrier BSs to operate in isolated deployments such as indoors, SBFD implementation using hardware conforming to existing requirements and capabilities is feasible, as long as a certain minimum amount of antenna isolation can be achieved.

4.2.2	Higher output power BSs
For higher power BS classes, the dynamic range requirements and interference cancellation capability requirements are much stricter compared to lower power BS classes partly due to higher BS output power and partly due to lower noise floor (at least for FR1).
For higher power BS classes, e.g., with BS output power levels corresponding to current typical outdoor macro deployments (~50 to 53 dBm in FR1, > 40 dBm in FR2), the feasibility analysis indicates that, even after assuming reasonable spatial isolation and improved transmitter and receiver capabilities, the needed level of overall self-interference cancellation capability is very significant and excessive improvements in receiver linearity and selectivity would be needed [5]. Such constraints imply that high IIP3 receivers where much higher power consumption in combination with RF filters would be needed while the possibilities for high level of integration in the receiver would be significantly reduced. The need for RF filters would cause additional weight and potentially operator specific, non-flexible hardware. Reduced integration would further increase size, weight and decrease energy efficiency. In addition, multiple cancellation schemes, e.g., beam nulling combined with analog cancellation or beam nulling combined with digital cancellation would be needed to address the self-interference. It should be noted that TX beam nulling also affects the radiated TX power in the desired DL direction(s) – EIRP losses of up to 5 dB depending on the combinations of beam forming and nulling, and on the targeted beam nulling performance has been presented during the Rel-18 SI. Also, as described earlier, the complexity of such cancellation schemes scales with array sizes and number of sub-arrays. 
Moreover, in addition to self-interference, inter-sector interference as well as inter-site interference are major challenges for SBFD deployments involving higher output power BSs. In particular, it was shown that inter-sector interference is a significant challenge for a BS receiver and would result in significant sensitivity degradation, while at the same time it can be noted that applying cancellation schemes to tackle inter-sector interference is not as feasible as applying them to tackle self-interference.
The SBFD feature does not have the potential for implementation in individual cells of a network depending on need, especially in deployments involving higher output power BSs. SBFD needs to be deployed at all sites in a network at the same time as well as with the same SBFD subband configuration and underlying TDD pattern, so that all sites can operate SBFD without overlapping co-channel CLI – especially BS-BS CLI which could make the UL subbands unusable in the SBFD slots at the sites that operate SBFD due to severe interference from the other sites that transmit in DL over the full bandwidth at the same time. This implies that a network wide simultaneous hardware upgrade is needed – which is not a deployment practice today. Additionally, site solutions for inter-sector interference mitigation within the same operator as well as across BSs of co-sited operators would be needed at all sites. 

[image: ]
[bookmark: _Ref110931208]Figure 11: Example of multiple higher power outdoor BSs installed at proximity. See further examples in https://en.wikipedia.org/wiki/Cell_site.

In theory, it may be possible to design and build a high power SBFD BS albeit with multiple unfavourable constraints such as single-carrier SBFD support with a fixed SBFD sub-band configuration. However, in reality, we believe it is not feasible nor commercially defendable or sustainable to deploy a SBFD network with higher output power BSs especially considering complexity, cost, power consumption, as well as site-deployment issues. 
[bookmark: _Toc136348374]For higher output power single-carrier BSs to operate in wider areas such as outdoors, extensive hardware capability updates and higher operating energy consumption are necessary for SBFD networks. Additionally, there are major site deployment challenges. The corresponding SBFD feasibility is thus highly questionable.

4.3	Summary of multi-carrier BS analysis
For majority of deployments, BSs need to be capable of handling multiple carriers and deploying BSs only capable of single carrier operation is not useful nor representative. In Rel-18 SI, the implications around multi-carrier aspects have not been addressed in detail; rather some discussions around some possible implications were briefly touched upon which is summarized in this section [5].
Most BSs of today are multi-carrier capable nodes, where multiple independent carriers are supported by the same transmitter and receiver architecture. In case of BSs featuring AASs (active antenna array systems), each sub-array is connected to a transceiver supporting multiple carrier operation per polarization. Assuming a simple scenario with a BS capable of operating with e.g., 3 carriers, there are aspects related to multi-carrier operation as depicted in the example in Figure 12. 
The multiple carriers are independent and support the needed traffic scenario within each carrier but as all carriers go through a common transmitter and receiver, the changes in one carrier affect the other adjacent carrier. The linearization in general is more difficult when bandwidth increases, since the linearization bandwidth for FR1 is at least 5 times larger than the RF bandwidth to cater for third and fifth order intermodulation products. For SBFD capable BS, assuming current 45 dBc linearization as baseline, any needed additional suppression of unwanted emissions falling into UL sub-bands further increases the complexity of linearization for multi-carrier BSs compared to single carrier BS case. 
[image: ] 
[bookmark: _Ref134692623]Figure 12 Multi-carrier examples: top – SBFD in all 3 carriers; middle – SBFD in only one carrier; bottom – SBFD in 2 out of 3 carriers.
 
Crest factor reduction (CFR) techniques to mitigate the high OFDM PAPR is a key part of any BS transmitter implementation. To apply frequency discriminating suppression of CFR distortion leaking into UL sub-bands for multi-carrier scenarios with more than one SBFD capable carriers also implies complexity increase. 
Similarly, the filtering becomes quite a challenge in multi-carrier context, in particular for RF filtering. Correspondingly, if the intention is to apply a RF filter bank on SBFD UL sub-bands to protect the receiver from DL sub-band power, the complexity of filtering structure will be excessive as well as number of RF filters. Since all carriers pass through same sub-array and limited mechanical space, the filtering becomes even more unfeasible. The filtering complexity also applies when high linearity receivers are considered wherein an RF filter may be included between two high linearity LNAs. If some kind of filtering/filter banks is applied to protect the ADC in analog baseband, e.g. for FR2, the complexity increases significantly when considering multi-carrier SBD operation compared to single carrier SBFD operation.
Beam nulling also faces additional challenges in multi-carrier context as beam nulling has to address the null space to all independent carriers which may need to support different UEs. The computational complexity would increase linearly with the number of carriers. Also, the beam nulling may need to provide nulls to multiple UL sub-bands, which would further increase the nulling complexity and decrease the DL performance in one or more carriers. The digital interference cancellation also becomes more challenging in multi-carrier context as due to frequency dependency of the coupling between RX and TX sub-arrays, the number of taps of the channel estimation increase accordingly. The impact on digital interference cancellation and possible beam nulling in presence of multiple carriers due to independent traffic but mutual dependencies between carriers for both BS transmitters and receivers is non-intuitive and could result in the complexity not growing linearly with the number of carriers. Also, analog interference cancellation would not work unless, e.g., all carriers are beamformed in the same way.
Lastly, another important aspect to consider is the potential distortion due to Passive Inter-Modulation (PIM). Until now, TDD bands with synchronized operation have been spared from PIM interference. However, with introduction of SBFD implying simultaneous transmission and reception, TDD bands also could suffer from PIM and this could be a very severe problem especially in multi-carrier BSs. 
[bookmark: _Toc136348375]For multi-carrier BSs, extensive hardware capability updates and higher operating energy consumption are necessary for SBFD networks.

In general, based on our implementation feasibility analysis as well as performance evaluations using system level simulations, we believe that if work on SBFD is agreed to be moved to a normative phase in Rel-19, the work should focus on lower power BSs and optimizations that target high power, wide area macro BSs should be out of scope.
[bookmark: _Toc136348377]We propose that if work on SBFD is agreed to be moved to a normative phase in Rel-19, the work should focus on lower power BSs and optimizations that target high power, wide area macro BSs should be out of scope.

5. Our views on Potential Rel-19 continuation work on SBFD
From the performance evaluation summarized in Section 3, we have found that in an FR1 wide area macro deployment, SBFD does not offer UL gains at medium/high system load compared to a simpler static TDD system with an equal UL resource percentage. Potential UL gains are limited to low load; however, as discussed in Section 4, at the cost of double antenna area and impractical feasibility and cost considering necessary network-wide simultaneous hardware upgrades, power consumption, and integration requirements in modern AAS systems. Furthermore, for managing co-channel CLI, if SBFD is introduced in an operator’s network, it would need to be introduced network-wide rather than on a per-site basis. Hence, our view is that such a deployment scenario is not a viable target for SBFD operation.
In contrast, for lower power, single-carrier, single-sector, indoor deployments, SBFD offers the potential for UL latency improvements at all system loads, despite that similar latency improvements can be achieved with a simpler static TDD system with an equal UL resource percentage.
Based on this we don’t see that SBFD offers potential for unique gains that cannot be achieved in another simpler way in practical commercial deployments. However, we also understand that a large majority of companies are still very much interested in providing specification support for SBFD, potentially viewing it as a stepping stone towards 6G.
Assuming there is sufficient interest in starting a WI on SBFD, despite the limited gain potential, we can be open to discuss formulation of a WI that is limited in scope to support basic SBFD operation. In other words, it should not include various optimizations and enhancements for niche scenarios with even more questionable performance gains. One such example is dynamic SBFD for which the transmission direction for semi-statically configured subbands is overridden to support DL transmission in an UL subband and/or UL transmission in a DL subband. We have found that dynamic TDD supported by current specifications performs equally as well or better than dynamic SBFD and has significantly lower complexity. Another example is PDCCH enhancements for SBFD operation which are not motivated due to the considerable flexibility of existing specifications on CORESET and search space configuration. Avoiding such enhancements can also serve to limit additional UE complexity incurred by SBFD operation.
Here we provide a sketch of what we think specification of a basic SBFD feature should look like including what should be supported and what should not be supported. One key requirement is that SBFD operation should be transparent to UEs not supporting the Rel-19 SBFD feature. In the following list, “UE” is to be interpreted as “SBFD-aware UE;” in other words, a UE that supports the Rel-19 SBFD feature. 
· Support SBFD for UEs in CONNECTED mode only
· SBFD is not supported for UEs in IDLE/INACTIVE mode
· Support SBFD operation in FR1 and FR2
· Support only semi-statically configured size/frequency location and transmission direction of SBFD subbands
· Dynamic SBFD is not supported
· Support SBFD operation in symbols configured as ‘D’ by TDD-UL-DL-ConfigCommon
· Consider support of SBFD operation in symbols configured as ‘F’ only if operation is harmonized with symbols configured as ‘D’
· Do not support SBFD operation in symbols configured as ‘U’
· The scope of the WI is further limited as follows:
· Specification of subband non-overlapping full duplex only
· Enhancements to dynamic TDD should be discussed separately, if needed
· Enhancements to PDCCH are out of scope
· Support only half duplex operation at the UE side
· Optimizations that target high power, wide area macro BSs are out of scope
· CLI mitigation approaches requiring exchange of information between DUs/CUs is out of scope
· A parallel Rel-19 SI on duplex evolution is not deemed necessary at this point


Conclusion
Following are the key points summarizing this contribution and our views on SBFD:
· For lower power, single-carrier, single-sector, indoor deployments, SBFD operation is practically feasible and offers the potential for UL latency improvements at all system loads. However, similar latency improvements can also be achieved with a simpler static TDD system with an equal UL resource percentage, without requiring any changes to existing 3GPP specifications or BS hardware.
· For FR1 wide area macro deployments, SBFD operation is not practically feasible due to extensive BS hardware modifications and higher operating energy consumption required to tackle the severe intra-BS and BS-BS interference problems within the same SBFD network as well as across co-existing networks in the same frequency band. Moreover, it offers the potential for UL coverage improvements only when the system load is low in all co-existing networks in the same frequency band.
· Assuming there is sufficient interest in starting a Rel-19 WI on SBFD, despite the limited gain potential, we can be open to discuss formulation of a WI that is limited in scope to support basic SBFD operation. In other words, it should not include various optimizations and enhancements for niche scenarios with even more questionable performance gains.
· If work on SBFD is agreed to be moved to a normative phase in Rel-19, the work should focus on lower power BSs and optimizations that target high power, wide area macro BSs should be out of scope.
· Configuring SBFD symbols in a network that overlap in time with UL symbols of a legacy network in the adjacent channel can cause severe BS-BS interference problems to the legacy network at least in FR1 UMa co-existence scenarios, and we propose that such configurations should be avoided.
Further related discussion regarding our views on potential Rel-19 continuation work on SBFD is in Section 5 of this contribution.

Additionally, in the previous sections, we made the following observations: 
Observation 1	For an isolated or greenfield deployment with no need to coexist with other operators in adjacent channels or bands, an operator is free to adopt any TDD DL/UL configuration that suits the specific traffic patterns of the deployment.
Observation 2	SBFD is a potential enabler for a network operator to appropriate excess DL radio resources for UL operations while largely conforming to an existing TDD DL/UL configuration to coexist with other networks in adjacent channels/ bands.
Observation 3	An SBFD operator needs to carefully trade off DL performance losses with potential UL performance improvements since DL radio resources are reduced and reassigned for UL traffic.
Observation 4	SBFD operations cause (1) self-interference issues within the SBFD network, (2) co-channel CLI issues within the SBFD network, (3) adjacent channel CLI issues to the SBFD network from existing TDD networks in adjacent channels/bands, and (4) adjacent channel UE-UE CLI from the SBFD network to existing TDD networks in adjacent channels/bands.
Observation 5	To attempt to mitigate interference issues in a SBFD network, extensive BS hardware modifications and higher operating energy consumption can be expected, particularly for higher output power BSs.
Observation 6	Similar or better UL performance improvements as may be obtained using SBFD can also be obtained by operating a UL-heavier static TDD operation in the network because all self-interference and co-channel CLI are avoided – e.g., at all loads in FR1 local area indoor deployments, and at medium/high loads in FR1 outdoor urban macro deployments.
Observation 7	Opportunistic UL operations in a SBFD network or a UL-heavier static TDD network can suffer from adjacent channel BS-BS CLI from adjacent channel networks as well as cause adjacent channel UE-UE CLI to adjacent channel networks.
Observation 8	The UL-heavier static TDD network operations can be enabled with software changes alone (and without the need of any hardware changes).
Observation 9	Similar or better UL performance improvements can be obtained by inter-band carrier aggregation with relative TDD DL/UL configuration periodicity shifts using current BSs on the market.
Observation 10	The inter-band carrier aggregation alternative does not require 3GPP spec changes and does not introduce inter-operator interference.
Observation 11	For FR1 indoor deployments, SBFD (XXXXU) provides UL latency gains compared to the reference TDD system (DDDDU) at the cost of reduced DL performance. However, a simpler static TDD system (DUDDU) with similar amount of UL resources as SBFD (XXXXU) offers similar UL gains.
Observation 12	When a legacy TDD network coexists with a SBFD network in the adjacent channel, if an UL symbol of the TDD network overlaps in time with an SBFD symbol in the SBFD network, UL performance of the TDD network significantly degrades, caused by strong BS-BS CLI generated by the DL subband in the SBFD network.
Observation 13	When a legacy TDD network coexists with a SBFD network in the adjacent channel, the DL performance of the TDD network is degraded by the UE-to-UE CLI generated by the UL subband in the SBFD network.
Observation 14	In UMa coexistence scenario, SBFD operation achieves UL performance gain only at low system load. When the system load increases, the SBFD UL performance gain reduces dramatically. It is observed that SBFD XXXXX UL is almost not usable at medium and high load. To maintain acceptable UL performance at medium and high load, a ‘protected’ UL slot in SBFD operation is necessary, but still does not provide significant gain compared to the baseline static TDD 1 UL system.
Observation 15	SBFD performance in UL suffers from adjacent channel interference (ACI) from the legacy TDD network, while performance in DL is less vulnerable.
Observation 16	In UMa coexistence scenario, SBFD operation does not outperform its counterpart static TDD alternative with similar DL/UL resource allocation ratio at medium/high loads. SBFD gains are limited to low system load – however, low load is needed in all co-existing networks in the same frequency band. The extra cost and technical complexity to support SBFD operation makes the technology even less appealing, at least in the UMa coexistence scenario.
Observation 17	Implementation complexity and operating costs of a SBFD-capable BS depends strongly on the targeted output power levels and antenna array size.
Observation 18	Beam-forming within scan range of the antenna has significant impact on achievable intra-BS antenna isolation especially for FR1 but this impact is less accentuated for FR2.
Observation 19	For lower output power single-carrier BSs to operate in isolated deployments such as indoors, SBFD implementation using hardware conforming to existing requirements and capabilities is feasible, as long as a certain minimum amount of antenna isolation can be achieved.
Observation 20	For higher output power single-carrier BSs to operate in wider areas such as outdoors, extensive hardware capability updates and higher operating energy consumption are necessary for SBFD networks. Additionally, there are major site deployment challenges. The corresponding SBFD feasibility is thus highly questionable.
Observation 21	For multi-carrier BSs, extensive hardware capability updates and higher operating energy consumption are necessary for SBFD networks.

Lastly, based on the discussion in the previous sections, we propose the following:
Proposal 1	Do not support configuration of SBFD symbols in a network that overlap in time with UL symbols of a legacy network in the adjacent channel to avoid coexistence issues at least in FR1 UMa co-existence scenarios.
Proposal 2	We propose that if work on SBFD is agreed to be moved to a normative phase in Rel-19, the work should focus on lower power BSs and optimizations that target high power, wide area macro BSs should be out of scope.
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