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Introduction
(a) In RAN4#105 agreements were reached in [1] and [2] to study and simulate the adjacent channel interference. It was decided to prioritize the cases where the aggressor cell is interfering with the downlink slots of the victim cell. Charter agrees with the prioritization of the cases in Table 2.1-2 and wishes to further describe a specific co-existence problem between SBFD and legacy TDD. 
(b) RAN4 adjacent channel coexistence study [2] only considers ACLR which applied to in-band unwanted emission. SBFD may impact legacy TDD in adjacent bands, e.g., between bands n77 and n48. We suggest to add out-of-band emission into RAN4 consideration.   
Discussion 
One of the bands that is of particular interest for an operator is US band n77 band, shown in Figure 1. US n77 spans from 3.45 GHz to 3.98 GHz, and is broken into three bands: AMBIT band (lower n77) which spans from 3.45 GHz to 3.55 GHz, US CBRS band (n48) spanning from 3.55 GHz to 3.7 GHz and C-band (upper n77) spanning from 3.7 GHz to 4.3 GHz (further restricted in USA, from above, to 3.98 GHz).  Charter’s band of interest is the CBRS band (n48) which employs a multitier shared spectrum access model with the PAL and GAA access being controlled in favor of incumbent access.
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Figure 1:  US n77 Band
There are no guard bands between CBRS and the adjacent bands on both sides.  The transmit power limits of AMBIT and C-band may be 25 dB to 30 dB higher than the transmit power limits in the CBRS band.  The regulations may be lenient for the Out-of-Band (OOB) emission requirements for devices operating in C-band causing Cross Link Interference (CLI) in CBRS band. Hence, the placement of the CBRS band with no guard band in-between itself and either of its two adjacent bands may create a challenge as filters might not be able to sufficiently attenuate one or both of the strong adjacent channel signals present in either network.  
This CLI affects the gNBs as well as UEs in the networks operating in CBRS band.

Observation 1: CBRS band may suffer from CLI caused by its neighbor bands as the regulations may allow SBFD gNBs and UEs to transmit at higher power in these neighbor bands and there is no guard band separating CBRS from these bands.  This CLI will affect legacy TDD gNBs and UEs operating in CBRS band.

With the above observation if an operator places sub-band full duplex (SBFD) networks in the adjacent band to the legacy TDD networks from another operator then it may cause severe CLI in the legacy TDD networks. For example, if SBFD deployments are allowed to be located at the edge of the C-band then legacy networks in CBRS band may be impacted severely with CLI.  CLI may increase, as there will be no TDD configuration/pattern coordination between the two adjacent operators and hence the TDD patterns of the two operators may not align, even if we assume time synchronization—at the TDD slot level—between the two operators.

Observation 2: The permitted frequency placement of SBFD deployment(s) and the non-coordinated TDD configurations within these sub-bands of n77 will impact the CLI inflicted on legacy networks.

The effect of SBFD networks on the legacy TDD network should be studied using transmit power differences and regulatory OOB emission requirements between CBRS (n48) band and its neighbor bands (AMBIT and/or C-Band).  This study will be useful to identify the transmit power limits for a SBFD network that will minimize the CLI in the adjacent legacy TDD networks while lowering latency and increasing throughput in uplink for its own network. It is important that realistic filters will be simulated and not an ideal brick filter which does not exist in reality.  

Proposal 1: It is desirable to study the effect of CLI caused by SBFD networks to legacy TDD networks in adjacent bands using the allowed, worst–case transmit power differences and regulatory OOB emission requirements between CBRS and its adjacent bands (AMBIT and/or C-band) as reference, using ref [3] assumptions.

Simulation Scenarios 
Based on the above discussion Charter asks RAN4 to study the adjacent channel interference caused by the new SBFD feature based on the large transmit power differences that exist between CBRS and C-band.  Even though there is a large transmit power difference between downlink in CBRS band vs downlink in C-band, Charter points out that the extreme case will be the transmit power differences between downlink aggressor and uplink victim gNb.  The worst-case scenario will be when the aggressor operator uses non-coordinated SBFD slot while the victim is a legacy TDD during its UL slot. Figure 2 shows an example in which the victim is operating legacy TDD in CBRS band while aggressor is using SBFD DUD mode in C-band.  A US C-band operator deploying macro cell may be using high-gain antenna array and according to FCC regulation may have as high as +75 dBm/10MHz EIRP, while the uplink transmission in the neighboring CBRS band is limited by FCC to +23 dBm only.  Unless RAN4 enforce a severe out-of-band emissions in SBFD mode, we see a clear risk of networks deployed in C-band interfering with existing legacy TDD networks deployed in CBRS band.
Figure 2 shows a 100MHz carrier SBFD with DUD 40+20+40. Each 40 MHz can transmit up to +81 dBm.
Worst case is DU pattern with 80+20 with +84 dBm. Clearly, the co-existence problem can become more saver as the SBFD power is increased.
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Figure 2:  n48 and n77 co-existence
Proposal 2: RAN4 should study in simulations the impact of adjacent channel with the transmit power differences as observed in CBRS and C-band deployments, using ref [3] assumptions.

Proposal 3: RAN4 should study in simulations if the current Out-of-Band emission requirements are enough to limit the impact of an SBFD macro cell operating in C-band on its neighbor operating as micro cell in CBRS band, using ref [3] assumptions.

Based on the above discussion it is clear that there may be a severe impact of non-coordinated TDD/SBFD configuration and it is evident that this impact may also be severe in co-channel interference scenario if gNBs are allowed to dynamically switch the legacy TDD slot pattern to SBFD pattern without any coordination.

Proposal 4: RAN4 should study in simulations the impact of non-coordinated TDD and SBFD configurations in adjacent as well as co-channel interference studies. 

Proposal 5: To limit the co-channel interference, RAN4 should limit the gNB capability to switching only downlink–type legacy TDD slots to SBFD slots while uplink TDD slots should operate in legacy TDD mode.

Conclusions
In this contribution, we discuss the need to study NR duplex evolution using practical deployment networks in n48 and its adjacent bands, as n48 is a band of interest for a lot of operators.  
Following are our observations and proposals:
Observation 1: CBRS band may suffer from CLI caused by its neighbor bands as the regulations may allow devices to transmit at higher power in these neighbor bands and there is no guard band separating CBRS from these bands.  This CLI will affect gNBs as well as UEs in the networks operating in CBRS band.

Observation 2: The permitted frequency placement of SBFD deployment(s) and the non-coordinated TDD configurations within these sub-bands of n77 will impact the CLI inflicted on legacy networks.

Proposal 1: It is desirable to study the effect of CLI caused by SBFD networks to legacy TDD networks in adjacent bands using the allowed, worst–case transmit power differences and regulatory OOB emission requirements between CBRS and its adjacent bands (AMBIT and/or C-band) as reference, using ref [3] assumptions.

Proposal 2: RAN4 should study in simulations the impact of adjacent channel with the transmit power differences as observed in CBRS and C-band deployments, using ref [3] assumptions.

Proposal 3: RAN4 should study in simulations if the current Out-of-Band emission requirements are enough to limit the impact of an SBFD macro cell operating in C-band on its neighbor operating as micro cell in CBRS band

Proposal 4: RAN4 should study in simulations the impact of non-coordinated TDD and SBFD configurations in adjacent as well as co-channel interference studies. 

Proposal 5: To limit the co-channel interference, RAN4 should limit the gNB capability to switching only downlink-type legacy TDD slots to SBFD slots while uplink TDD slots should operate in legacy TDD mode.
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