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1. Introduction
[bookmark: OLE_LINK13]In RAN4#105, the feasibility study of SBFD has been discussed and made a substantiate progress, and there are still some issues open in addition to agreements on Tx modelling [1]:
	Issue 2-1-3: Receiver sub-band selectivity (co-channel)
Issue 2-1-3.1: Configuring the UE channel bandwidth to be a sub-band for selectivity
This agreement was made in the 11/15 BS session
Agreement from 11/15 BS session 
· For legacy UE: Companies are encouraged to bring more analysis on the achievable selectivity performance considering FFT operation 
· The analysis shall be based on the assumption that there is no impact on legacy UE implementation. 
· For new SBFD capable UE, further analysis of the possibility to improve selectivity performance under the assumption that UE channel bandwidth not equal the sub-band bandwidth.
Issue 2-1-3.2: Receiver sub-band selectivity
Various proposals related
Proposed agreement:
1. For legacy UE: For receiver sub-band selectivity, no rejection/attenuation due to RF/BB filtering is assumed on interference in adjacent sub-band as legacy UEs do not operate this way.
a. Use typical model for UE selectivity value
b. The selectivity and performance of the FFT is included in RAN4 study for co-channel case
i. FFS whether the adjacent channel case requires the selectivity and performance of the FFT. 
c. RAN4 should consider interferer with timing or frequency offset or both w.r.t. the desired signal for the co-channel case
i. FFS whether this applies to the adjacent channel case
2. For new SBFD capable UE, further analysis of the possibility to improve selectivity performance under the assumption that UE channel bandwidth not equal the sub-band bandwidth.
3. Companies come next meeting with technical proposals on the level of interference from an UL sub-band co-channel interferer to the UE DL sub-band. So far companies have proposed:
a. 33 dB at the ADC output (for FR1) based on typical performance. FFS for FR2-1
b. 25 dB (for FR1 and FR2-1)
c. 0 dB (for FR1 and FR2-1)
d. Other values not precluded for discussion next meeting.
Issue 2-1-4: Effect of power contained in uplink sub-band on receiver model (blocker)
Issue 2-1-4.1: AGC assumption for RX modeling (both co-channel or adjacent channel case)
Addressing Apple comment on AGC assumption
Proposed agreement: 
UE receiver AGC designs may vary and companies may bring contributions based on their design approach.
Issue 2-1-4.2: In-subband UE self-noise over the input power range (co-channel case)
How to model the receiver self-noise 
9dB FR1 NF over the entire input power range was proposed. 10 dB for FR2-1.
We do not have a proposed agreement for this meeting.

Issue 2-1-5: Clarification/summary on RX modelling (co-channel)
Proposal into the meeting seeks to clarify how to scale the flat frequency interference with interference and victim sub-band bandwidth. Based on the discussions about ACS-type value, those are proposed as FFS.
Proposed agreement (Clarification on co-channel RX model):
For FR1: Pinterference_co-channel_FR1 = Pinterferer – (X dB + 10*log10(max(1,BWinterference /BWvictim_subband)))
· X value is FFS
For FR2-1: Pinterference_co-channel_FR2-1 = Pinterferer – (Y dB + 10*log10(max(1,BWinterference /BWvictim_subband)))
· Y value is FFS



In this contribution we continue to discuss these open issues.
2. Discussion
2.1 Sub-band selectivity and FFT leakage modelling
As discussed in Section 2.1, a legacy UE has both DL and UL sub-bands in its channel bandwidth, as illustrated in the following figure, and it suffers UL interference from an aggressor nearby where the interference sub-band may have a power offset P_incre_offset against the downlink receive power.
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Fig. 1: UL interference from Aggressor toward DL reception
The UL interference may impact the victim’s DL reception due to both carrier frequency offset (CFO) and symbol timing offset (STO). Since the frequency error requirements is ±0.1ppm at UE side [2][3], the worst case offset between 2 stationary UEs would be 0.2ppm, which corresponds to a maximum frequency offset of 1200Hz (6GHz * 0.2ppm) for FR1, or 10.52kHz (52.6GHz * 0.2ppm) for FR2-1. For moving UEs, the difference could be higher due to doppler shift considerations. However, in the RAN1 modelling, UEs within a cluster are operating indoors, so likely low mobility.
Observation 1: Realistic frequency and timing offsets need to be considered when analyzing the ability of FFT to perform rejection of interference.
CFO leads to ICI and it can be analyzed theoretically as the following equation:
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Where 
·  represents the interference from one subcarrier to the other subcarrier with a distance τ.
· is the number of allocated subcarriers.
·  is the normalized frequency offset to the sub-carrier spacing.
STO leads to ISI and depends on the maximum timing mismatch between the 2 UEs. The timing offset will depend on the fixed offset between UL and DL (as defined in TS 38.133) and also the timing advance applied by the transmitting UE.
Fig. 3 illustrates ICIs from simulations with different CFO and STO values, where the CFO is in Hz and the STO is in terms of samples (considering 4096 samples per symbol). The SCS = 30kHz, and 51 RBs are modelled.
For low velocity UEs, it can be observed that the STO has largest impact compared to the relevant CFO levels. It can also be observed that IBE should largely dominate over FFT leakage, with some guardband required (1 RB if assuming 3GPP IBE QPSK requirements and a larger guardband for other modulation schemes). In real implementations there may be improved IBE compared to specifications of course.
Fig. 3(a)-(f) Simulated ICI 
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(a) CFO =0, STO =0)
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(b)  CFO =1200, STO =0
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(c) CFO = 15000, STO = 0
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(d) CFO =0, STO =2048
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(e) CFO = 1200, STO = 2048
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(f) CFO = 15000, STO = 2048
Observation 2: The maximum frequency offset could be 1.2kHz for FR1 and 10.52kHz for FR2-1, plus any doppler due to mobility.
Observation 3: Timing mismatch will depend on the fixed offset between UL and DL (as defined in TS 38.133) and also the timing advance applied by the transmitting UE.
Observation 4: the STO has largest impact compared to the “relevant” CFO levels. 
Observation 5: IBE should largely dominate over FFT leakage, with some guardband required, 1 RB if assuming 3GPP IBE QPSK requirements and a larger guardband for other modulation schemes. A real UE may or may not have improved IBE relative to the 3GPP specification. 
Proposal 1: Inform RAN1 that the agreed IBE model actually dominates with respect to “selectivity due to FFT rejection”, assuming some guardband depending on the modulation scheme and possibly UE implementation.
2.2 AGC modelling
For UE AGC modelling, in previous meetings there has been a proposal to use a model with a maximum capped SNR, and then during the RAN4#105 meeting it was questioned whether we could just apply a simplified model instead, i.e. with a fixed noise figure assumed where SNR is able to continually increase with input power until the maximum input power level. 
Below the maximum input level requirement, 3GPP does not define requirements related to AGC operation, and of course each company may have its own UE receiver AGC design, where an SNR cap may exist below the maximum input power level due to increased noise. 
After some consideration, for the purposes of system level simulation, we believe that the fixed noise figure model is appropriate. 
However, we would like to reiterate that this type of simplified modelling does NOT necessarily reflect the Rx behaviour of a real UE, and therefore could not be used as a reference model for any potential UE RF requirements definition in relation to SBFD or any other type of Rx operation.
Proposal 2: Use the simplified AGC model with a fixed noise figure only for the purpose of system level simulation for SBFD. For any other consideration, a more representative AGC modelling corresponding to real implementation would need to be considered.
2.3 Improving sub-band selectivity
It can be observed that the IBE (according to 3GPP specification) is actually dominating over the FFT leakage level, so it seems unnecessary to consider any further selectivity improvements for sub-bands not equal to the UE channel BW, especially when considering the cost vs benefit trade-off.
Proposal 3: Do not consider improving selectivity requirements for Rx sub-bands.
3. Conclusion
In this contribution we have the following observations and proposals for UE aspects for SBFD:
Observation 1: Realistic frequency and timing offsets need to be considered when analyzing the ability of FFT to perform rejection of interference.
Observation 2: The maximum frequency offset could be 1.2kHz for FR1 and 10.52kHz for FR2-1, plus any doppler due to mobility.
Observation 3: Timing mismatch will depend on the fixed timing offset between UL and DL (as defined in TS 38.133) and also the timing advance applied by the transmitting UE.
Observation 4: the STO has largest impact compared to the “relevant” CFO levels. 
Observation 5: IBE should largely dominate over FFT leakage, with some guardband required, 1 RB if assuming 3GPP IBE QPSK requirements and a larger guardband for other modulation schemes. A real UE may or may not have improved IBE relative to the 3GPP specification. 
Proposal 1: Inform RAN1 that the agreed IBE model actually dominates with respect to “selectivity due to FFT rejection”, assuming some guardband depending on the modulation scheme and possibly UE implementation.
Proposal 2: Use the simplified AGC model with a fixed noise figure only for the purpose of system level simulation for SBFD. For any other consideration, a more representative AGC modelling corresponding to real implementation would need to be considered.
Proposal 3: Do not consider improving selectivity requirements for Rx sub-bands.
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