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Annex E.1:

Table E.1-1: The priority was agreed to be removed as it was only for study item internal prioritization. This has already been removed in section 11.1. and should be followed here as well.

Table 11.1-2: We suggest adding the column "Aggressor baseline" in Table 11.1-2 to help clarifying how the throughput degradation is calculated. This new column is present in many of the agreed WFs on coexistence. For instance: R4-2305921 and R4-2302888. If the column is added in 11.1-2, it should be added here as well.

Annex E.3.1:
We propose these changes to accurately detail the methodology followed in this RAN4 coexistence study. The new description is now aligned with the methodology used by companies to fill up the excel spreadsheet "Collection of simulation results from all companies" in R4-2321079.

This screenshot of "Collection of simulation results from all companies.xlsx" indicates how the throughput degradation in the green area (use for deriving the coexistence conclusions) is calculated in the spreadsheet. The used formula matches the described in step 9 of the methodology:
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<Start of change 1>

11.1	Introduction
The adjacent channel co-existence studies were performed to the deployment scenarios described in Table 11.1-1 below. The co-existence cases are described in the Table 11.1-2 below, and they were performed for each scenario listed in Table 11.1-1. The detailed assumptions associated with these scenarios and cases can be found in Annex E.
Table 11.1-1: Adjacent channel co-existence scenarios
	Scenario
	FR
	Aggressor
	Victim

	1
	FR1
	Urban Macro
	Urban Macro

	2
	FR1
	Urban Hotspot
	Urban Hotspot

	3
	FR1
	Indoor
	Indoor

	4
	FR1
	Urban Macro
	Micro

	5
	FR1
	Micro
	Micro

	6
	FR2-1
	Urban Macro
	Urban Macro

	71
	FR2-1
	Urban Hotspot
	Urban Hotspot

	8
	FR2-1
	Urban Dense
	Urban Dense

	9
	FR2-1
	Indoor
	Indoor

	Note 1:	This scenario has been down-selected.



Table 11.1-2: Adjacent channel co-existence cases
	Case
	Aggressor
	Aggressor baseline
	Victim
	Slot allocation
Aggressor                                        Victim

	1
	SBFD
	TDD DL
	TDD DL
	[image: ]           [image: ]

	2
	SBFD
	TDD UL
	TDD UL
	[image: ]           [image: ]

	3
	TDD DL
	No aggressor network
	SBFD
	[image: ]           [image: ]

	4
	TDD UL
	No aggressor network	Comment by Nokia, NSB: We suggest adding the column "Aggressor baseline" in Table 11.1-2 to help clarifying how the throughput degradation is calculated. This new column is present in many of the agreed WFs on coexistence. For instance: R4-2305921 and R4-2302888. 
	SBFD
	[image: ]           [image: ]

	Note:	Case 3 and Case 4 are down-selected for Scenario 4.



The Urban Hotspot reuses most parameter assumptions as Urban Macro, except that Urban Macro adopts random dropping method for UE while Urban Hotspot adopts cluster-based dropping method for UE. Other differences are described in Annex E, in Table E.2.1-1, Table E.2.1-2, and Table E.2.1-3. 
The co-existence evaluation captures cases where TDD and SBFD are both victim and aggressor networks. This to evaluate impact on legacy TDD networks if SBFD is introduced in an adjacent channel as well as to understand the impact of legacy TDD network on SBFD network, as described in Annex E, Table E.1-2. It is worth noting that RAN4 has only considered the case of {D, U} as an SBFD configuration as it is comparable to the {D, U, D} SBFD configuration in terms of performance (based on the agreed RAN4 models and parameters related to leakage).
Additionally, it should be noted that the RAN4 co-existence studies have special assumptions due to the adopted simulation methodologies such as:
-	Power control scheme is only used to compensate path loss. That’s the reason why final SINR for UL is less than assumed target SINR. But commercial UE UL SINR could meet target SINR value according to the power control scheme in TS 38.213.
-	It is assumed that all the slots configurations are the same with the time-invariant ACLR modelling assumption. Compared with the average throughput over all time slots with different configuration, this is the worst case with largest degradation value.
Moreover, in the following sections, all the throughput degradation data are given in percentage [%] and  in a range, where these data are defined as follows:
-	The {positive number} means the co-existence evaluation shows throughput loss;
-	The {negative number} means the co-existence evaluation shows throughput gain;
-	The {n/a} means the co-existence evaluation finds the performance basisbaseline have no throughput, thus throughput degradation percentage cannot be mathematically calculated from such basisbaseline.
The throughput degradation is calculated following the methodology described in Annex E, Section E.3.1.	Comment by Nokia, NSB: This sentence is added to refer the reader to the Annex E for more details about how the throughput degradation was computed.

<End of change 1>

<Start of change 2>
11.3	Conclusion
This section will capture adjacent channel co-existence simulation results categorized by cases and scenarios. The conclusions below are derived from the coexistence results with baseline ACIR. 
11.3.1	Case 1: aggressor SBFD DU victim NR TDD DL
Case 1 considers legacy TDD in DL slot as a victim while SBFD is operating in the adjacent channel for both FR1 and FR2-1. The conclusions are listed per scenario in Table 11.3.1-1.
Table 11.3.1-1: Case 1 co-existence conclusions
	[bookmark: MCCQCTEMPBM_00000157]Deployment Scenario
(Aggressor -> Victim)
	Frequency range
	Co-existence conclusion

	Urban Macro -> Urban Macro
Scenario 1 and 
Scenario 6
	FR1 and FR2-1
	No DL throughput degradation on the victim legacy TDD DL network for both average throughput and cell edge throughput is observed for different BS Tx powers (46dBm to 53 dBm for FR1 and 30 dBm for FR2-1), grid-shifts (5% to 100%), and different SBFD BS antenna configurations.  

	Urban Hotspot -> Urban Hotspot 
Scenario 2
	FR1
	DL throughput degradation is observed only at cell edge due to inter-UE CLI for different grid-shifts (5% to 100%) and BS Tx powers (469 dBm to 53 dBm).	Comment by Nokia, NSB: Changing 49 dBm to 46 dBm according to the SBFD BS Tx power options. The results in the excel spreadsheet show that with BS Tx power of 46 dBm, the degradation is higher than 10% for the cell-edge: 

	Urban Macro -> Urban Micro 
Scenario 4
	FR1
	No DL throughput degradation for both average throughput and cell edge throughput is observed.

	Indoor -> Indoor
Scenario 3 and
 Scenario 9
	FR1 and FR2-1
	

	Urban Micro/Dense -> Urban Micro/Dense
Scenario 5 and
 Scenario 8
	FR1 and FR2-1
	



<End of change 2>

<Start of change 3>

E.1	RAN4 co-existence simulation scenarios
The coexistence evaluation is conducted considering the different scenarios listed in Table E.1-1. 
Table E.1-1: Adjacent channel co-existence scenarios 
	Scenario
	FR
	Aggressor
	Victim
	Priority

	1
	FR1
	Urban Macro
	Urban Macro
	High

	2
	FR1
	Urban Hotspot
	Urban Hotspot
	Low

	3
	FR1
	Indoor
	Indoor
	Low

	4
	FR1
	Urban Macro
	Micro
	High

	5
	FR1
	Micro
	Micro
	Low

	6
	FR2-1
	Urban Macro
	Urban Macro
	High

	71
	FR2-1
	Urban Hotspot
	Urban Hotspot
	Low

	8
	FR2-1
	Urban Dense
	Urban Dense
	Low

	9
	FR2-1
	Indoor
	Indoor
	Low	Comment by Nokia, NSB: The priority was agreed to be removed as it was only for study item internal prioritization. This has already been removed in section 11.1. and should be followed here as well.

	Note 1: Scenario 7 has been down selected.


The Urban Hotspot scenario reuses most parameter assumption as Urban Macro, except that Urban Macro assumes random deployment of UEs while Urban Hotspot assumes a clustered-based approach with different outdoor-to-indoor UE ratios and others as described in Annex E, in Table E.2.1-1 and Table E.2.1-2 and Table E.2.1-3. 
The co-existence evaluation captures cases where TDD and SBFD are both victim and aggressor networks. This to evaluate impact on legacy TDD networks if SBFD is introduced in a neighbouring channel, also to understand impact of the legacy TDD network on SBFD network, as described in Annex E, Table E.1-2. It is worth noting that RAN4 has only considered the case of {D, U} as an SBFD configuration as it is comparable in terms of performance (based on RAN4 models and parameters) to the {D, U, D} SBFD configuration. 
Table E.1-2: Adjacent channel co-existence cases
	Case
	Aggressor
	Aggressor baseline
	Victim
	Slot allocation
Aggressor                                        Victim
	Priority

	1
	SBFD
	TDD DL
	TDD DL
	[image: ]           [image: ]
	High

	2
	SBFD
	TDD UL
	TDD UL
	[image: ]           [image: ]
	Low

	3
	TDD DL
	No aggressor network
	SBFD
	[image: ]           [image: ]
	High

	4
	TDD UL
	No aggressor network	Comment by Nokia, NSB: We suggest adding the column "Aggressor baseline" in Table 11.1-2 to help clarifying how the throughput degradation is calculated. This new column is present in many of the agreed WFs on coexistence. For instance: R4-2305921 and R4-2302888. If the column is added in 11.1-2, it should be added here as well.
	SBFD
	[image: ]           [image: ]
	Low	Comment by Nokia, NSB: The priority was agreed to be removed as it was only for study item internal prioritization. This has already been removed in section 11.1. and should be followed here as well.

	Note 1: Case 3 and Case 4 are down-selected for Scenario 4.



<End of change 3>

<Start of change 4>
E.3.1	Coexistence evaluation methodology	Comment by Nokia, NSB: We propose these changes to accurately detail the methodology followed in this RAN4 coexistence study. The new description is now aligned with the methodology used by companies to fill up the excel spreadsheet "Collection of simulation results from all companies" in R4-2321079.
The coexistence evaluation methodology can be summarized as:
1. Aggressor and victim network are generated. UEs are distributed as described by parameter assumptions.
2. UEs are associated to BS based on coupling loss. 
3. Once association is done, round robin scheduling is used. BF weights are adjusted to point to the LOS direction between BS and UE. This is done for both victim and aggressor networks.
4. Throughput is computed in the victim systems without considering Adjacent Channel Interference (ACI) as:

ThputNo_O ACI[bit/s/Hz]=f(SINRICI)=f(S/(N+IICI)), where IICI is the intra-network co-channel inter-cell interference.
5. Throughput is computed in the victim systems considering ACI from the baseline aggressor (see Table E.1-2) as:

ThputACI_baseline[bit/s/Hz]=f(SINRICI+ACI_baseline)=f(S/(N+IICI+IACI_baseline)), where IACI_baseline is the adjacent channel interference due to the baseline aggressor network.
6. Throughput is computed in the victim systems considering ACI from the aggressor (see Table E.1-2) as:

ThputACI[bit/s/Hz]=f(SINRICI+ACI)=f(S/(N+IICI+IACI)), where IACI is the adjacent channel interference due to the aggressor network.
7. The throughput degradation due to the presence of the baseline aggressor network isRF parameters are determined based on the degradation caused by ACI as:
LossACI_baseline=1-ThputACI_baseline/ThputNo_ACISINGLE
8. The throughput degradation due to the presence of the aggressor network is determined as:
LossACI=1-ThputACI/ThputNo_ACI
9. The ratio between the throughput degradation due to the presence of baseline aggressor and aggressor network is used to derive the coexistence conclusions and it is determined as:
Losscoexistence=1-((ThputACI/ ThputNo_ACI)/(ThputACI_baseline/ ThputNo_ACI))	Comment by Nokia, NSB: This screenshot of "Collection of simulation results from all companies.xlsx" indicates how the throughput degradation in the green area (use for deriving the coexistence conclusions) is calculated in the spreadsheet. The used formula matches the described in step 9 of the methodology.




The simulation results should be in the form of the throughput degradation with adjacent network baseline and with adjacent network and the relative differenceratio between the two can be compared at average and cell edge performance.
The throughput of a modem with link adaptation can be approximated by an attenuated and truncated form of the Shannon bound. (The Shannon bound represents the maximum theoretical throughput than can be achieved over an AWGN channel for a given SNIR). The following equations approximate the throughput (Tp) in bps/Hz over a channel with a given SNIR, when using link adaptation:

Where:
	S(SNIR)
	Shannon bound, S(SNIR) =log2(1+SNIR) bps/Hz

	
	Attenuation factor, representing implementation losses

	SNIRMIN
	Minimum SNIR of the code set, dB

	SNIRMAX
	Maximum SNIR of the code set, dB


The parameters can be chosen to represent different modem implementations and link conditions. A parameter set relevant for eMBB is listed in Table E.3.1-1.
Table E.3.1-1: Parameters describing baseline Link Level performance for NR
	Parameter
	DL
	UL
	Notes

	, attenuation
	0.6
	0.4
	Represent implementation losses

	SNIRMIN
	-10
	-10
	Based on QPSK, 1/8 rate (DL) and 1/5 rate (UL)

	SNIRMAX
	30
	22
	Based on 256QAM, 0.93 (DL) and 64QAM 0.93 (UL)



<End of change 4>


image1.png
Al AK N A0 AP
| 2 R - - - - - - ~ ctim WIT ~ aggresse - kCL -
case| Vietm | A Company | coigarati| grid hift et e R e
on o | 2B | 4@ | s6am | ssam | RUORC| w20m | vaam | v6am | ssam | NLTEC| 2aB | +4aB | c6a | ssam | FRURC | w24 | waB | t6am | ssam

1|NRTDD DL [s8FD (DU) |Cabletabs 1| o] no 2.09667| 1.565148| 1.020292] 0.65927] 0.307234] 0.972141| 0.508424] 0.162377] -0.13225| 24,558 16.60677| 10.99015) 5.240706| 4.367192] 2.640784| 1.154993] -0.10909] -1.16256]E»
1|NRTDD DL [s8FD (DU) |Cabletabs 1| oo lyes 1.957687] 1.355261 0.938876] 0.465065] 0.177516] 1.014661] 0.627803] 0.285908| -0.04058| 21.76814] 15.51611| 7.934589| 3.087195| _4.5463] 2.829755| 1.353811] 0.101447] -0.54065]E»
1|NRTDD DL [s8FD (DU) |Cabletabs 1] 0] no 1.718673] 1.212054] 0.789509] 0.377246| 0.12754] 0.87766] 0.507322] 0.109602| -0.19467| 19.63694] 13.16345| 6.465628] 2.229112] 4.163022] 2.401858]| 0.887617| -0.39695| -1.47287[x
1|NRTDD DL [s8FD (DU) |Cabletabs 1] 0] lyes 1.828103] 1.264293] 0.819538] 0.397372] 0.065582] 0.882061 0.436174| 0.076017| -0.16668| 20.59741] 13.77054] 6.872496( 1.160082| 2.318105| 2.502424] 0.527576| -0.41046| -1.53438]E»
1|NRTDD DL [s8FD (DU) |Cabletabs 1| oz no 1.410815| 0.906775| 0.450301 0.054795 -0.25857| 0.690997| _0.251| -0.12104[ -0.43183| 15.2752| 7.83205] 0.979391] -4.72123] 3.003267| 1.211651| -0.33642| -1.65582| -2.75644]ex
1|NRTDD DL [s8FD (DU) |Cabletabs 1| oz lyes 1.435791] 0.816787] 0.331604] -0.00317] -0.18965| 0.76253] 0.375851|_0.02733[ -0.25812| 13.89712] 5.838006| -2.46139| 3.430155| 1.610059] 0.025337] -1.33328] -2.47306]E»
1|NRTDD DL [s8FD (DU) |Cabletabs 1] 03] no 0772783 0.317498| -0.18768| -0.5578| -0.85507| 0.483961| 0.131475| -0.22169| -0.54493| 5.681931] -3.48227| -16.6248| 2.121342] 0.495588| -0.50641] -2.09094] -3.07652]E»
1|NRTDD DL [s8FD (DU) |Cabletabs 1] 03] lyes 0.699216|_0.20074| -0.13608| -0.4956| -0.71728[ 0.411877] 0.006133] -0.36253] -0.67709) 3.63871 -2.52754] -13.8835( 1.719699] 0.048843| -1.38239] -2.59596| -3.60511E»
1|NRTDD DL [s8FD (DU) |Cabletabs 1] 1.135138] 0.563057] 0.214872] -0.13724] -0.45613] 1.175073] 0.778151| 0.420378| 0.066073| 9.683736] 3.785089| -8.40803( 2.358369] 2.622936| 1.121317] -0.15528] -1.22738]E»
1|NRTDD DL [s8FD (DU) |cabletabs 1] 1.178436] 0.777233] 0.346836] 0.061893] -0.24842] 1.159198] 0.763768| 0.328%4| 0.07332| 13.09151] 6.015934] -2.48426[ 2.673671] 2.953075| 1.463973] 0.200346] -0.85912]E»





image2.png
1-(1-U31/100)/(1-AG31/100)) *100]

Victim WITH Ageressor ACl Victim WITH baseline ACH Victim WITH aggressor ACl
compared to compored to Degradation compared to
Vetim WITHOUT ACH Pagres Vietim WITHOUT ACH Victim WITH baselne A

baselin % to- legradation @5 in 7

057 in dB SINR degradation @50% in dB. TP degradation @5% in % TP degradation @Mean in % e |SINR deg | SIMR deg| TP deg SO e e G i s | e CRA e oz

o M| Ten” | emel generate) generate) generate)
000 | 000 | 000 | 000 | 000 | 000 | 000 [ 000 | w00 | 000 [ 000 | 00 | 000 | oo
000 | 000 | 000 | 000 | 000 [ (000 | 000 | 000 | 00 | 000 [ 000 | 000 | 000 | o
000 | 000 | 000 | 000 | 000 [ (000 | 000 | 000 | 00 | 000 [ 000 | 000 | 000 | o
w00 [ 000 [ 000 | 000 [ 000 [ 0w | 000 | 000 | w00 | o0 | oo | 000 | 000 | oo

we

o 00 [ 000 [ 000 [ 000 [ 000 [ 000 | 000 | 000 | w00 | 000 | 00 | 000 | 000 | oo
00 [ 000 [ 000 [ 000 [ 000 [ 000 | 000 | 000 | w00 | 000 | 00 | 000 | 000 | oo
00 [ 000 [ 000 [ 000 [ 000 [ 000 | 000 | 000 | w00 | 00 | 00 | 000 | 000 | oo
00000000 000|000 ow0 [ 000|000 w00 w00 0| 000 [ w00 ws
o T T . ] I T T T S w57 0w | w0 iz |06 [-058 |04z 045 {00 | -0a5 [ 022 |00 [-029 |05 [aee [k [hee ] 5
T 0 I o 044043 [ +6e 150 [-osr 05 056 035 [0 |wor [ -0 [ 020 [-033 058 [ -s4s [366 [ a1 [ 3
052049 [ 54e [ tre [ won [-025 o5 [o4e [oer | -003 [0 [ 020 024 [0z |0 [zro [ate ok
& T T T w44 043 | +6e [ 150|027 02 [0t [o4s [0es | 00> |06 [0tz [-028 [-054 [ =306 [s0r [ome |4
000000090 | 000|000 |00 [0:00 | 0:00 w0 w00 000 [ 000 o0
0,00 000000 000|000 | 0.0 [ 0.00 | 0.00 0,00 000|000 000 | w00 o
0,00 000000 000|000 | 0.0 [ 0.00 | 0.00 0,00 000|000 000 | w00 o
w00 000 ["0o0 | vou [ w00 | weo {000 {000 w00 [0 | oo [wos [ vor [ os
- 000 | 000 [ 000 [ 000 [ 000 [ 000 | 0.00 | 0.00 | 000 | 000 | 000 [ 000 [ 000 | oo
00 [ 000 [ 000 [ 000 [ 000 [ 000 | 000 | 000 | w00 | 000 | 00 | 000 | 000 | oo
000 | 000 | 000 | 000 | 000 | 000 | 000 [ 000 | w00 | 000 [ 000 | 00 | 000 | oo
w00 [ 000 [ 000 | 000 [ 000 [ 0w | 000 | 000 | w00 | o0 | oo | 000 | 000 | oo
00 [ 000 [ 000 [ 000 [ 000 [ 000 | 000 | 000 | w00 | 000 | 00 | 000 | 000 | oo
e 00 [ 000 [ 000 [ 000 [ 000 [ 000 | 000 | 000 | w00 | 000 | 00 | 000 | 000 | oo
TOD UL 000 [ 000 | 000 [ 000 | 000 [ o000 [ o000 [ 000 [ 000 [ 000 | 000 | 000 [ 000 | 00
0000|000 000|000 | om0 [ 000|000 w00 00| o0 | 000 o000
w3 o | s [ [wse [wer (e ez r | 2er [ 20w | 159 | t2s | tor[w0.00 70000 0000 00
2o 107 [sssesfssvenfaavenlusnsalasnsa] o1 6 w20 |47 [ 395 [wvo0 ioven Tw00.00 oo:
ey T [ [ we 03 o iTi42 | 2eas [2a30 [ 2072 [zier | zies |32 [ 27w "2t | irs | tes_[w0o0 o0 w0000 oo:
2 o V07 [eassalverealvsnva [vuava unens] o5 | r56 [ o4 [ ser | wor {10000 [10000 Twou.00 o0
000 [ 000 [ 000 [ ‘000 [ 000 [ o0 [ 0.00 | 000000 w0 o0 [ 000 [ 000 [ 03
0,00 000000 000|000 | 0.0 [ 0.00 | 0.00 0,00 000|000 000 | w00 o
0,00 000000 000|000 | 0.0 [ 0.00 | 0.00 0,00 000|000 000 | w00 o
900 o0 ["0o0 | vou T w00 [ oe0 {000 {000 w00 w00 | oo [wos [ wor oo





image3.png




image4.png




image5.png




