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1. [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Introduction
	In the last RAN4 #99-e meetings, RAN4 discussed the necessity of coexistence evaluation for n14 NR public safety service.
In agreed WF, RAN4 consider as following scenarios
· Issue 2-1-1: Review the protection of Band 13 UE for LTE prose UE (both PC1and PC3) in Band 14 
· Option 1: The LTE prose UE (both PC1 and PC3) in Band 14 can coexisted with Band 13 UE in real field. So, RAN4 do not need the additional coexistence evaluation to protect band 13 UE.
· Option 2: Need coexistence evaluation to protect B13 UE. (e.g. power control, coexisting simulation parameter in general)
· WF: Firstly, RAN4 need to study the different points between LTE Prose and NR PS to protect Band 13. Based on interested companies’ discussion paper, RAN4 conclude this issue in next RAN4 meeting. 
· 
· Issue 2-2-2: Coexistence evaluation for NR SL UE in in-coverage NW with legacy LTE/ NR Uu operation
· Option 1: RAN4 can allow NR PS operation in in-coverage NW with legacy LTE/NR Uu operation. Since LTE PS already studied the coexistence evaluation to protect legacy LTE system.
· Option 2: RAN4 need further coexistence evaluation to protect legacy LTE/NR system in n14
· WF: RAN4 need to study the different points between LTE Prose and NR PS to protect legacy LTE/NR system in n14. Based on interested companies’ discussion paper, RAN4 conclude this issue in next RAN4 meeting. 

 In this paper, we provide our views on the remaining issues for coexistence study between n14 PS operation and NR/LTE legacy system for NE sidelink enhancement operation in licensed band.
2. Review on coexistence evaluation results for LTE Prose operation 
In previous RAN4 meeting, RAN4 decided to review the detail simulation assumptions and evaluation results to protect B13 by aggressor of B14 PC1 and PC3 operation. 
In TR36.877 for LTE Device to Device (D2D) Proximity Services (ProSe), RAN4 considered to protect adjacent carrier (E.g. B13 UE or legacy LTE/NR UE) by PC1 and PC3 PS operation based on coexistence simulation assumptions and evaluation results as follow


	[bookmark: _Toc415274998]5.5.3	Simulation Assumptions (in TR36.877)
[bookmark: _Toc415274999]5.5.3.1	General
Table 5.5.3.1-1: Simulation assumptions: General
	Parameter
	Value

	WAN UL scheduler algorithm
	Round robin

	RBs allocated per active WAN UE
	16 PRBs 

	Number of active WAN UEs
	25 / cell

	Minimum coupling loss (for both D2D & WAN UEs from eNodeB)
	As per clause 4.5.1 in TR 36.942:
-	For layout options 1, 3: 70 dB
-	For layout option 5: 80 dB

	WAN UE transmit power control
	As per PC set 1 and PC set 2 of TR 36.942
-	Note that power control algorithm parameters (PodBm, CLxile) should be optimized for different network layouts being simulated. For simplicity, power control algorithm parameters are reused from TR 36.942 for all network layouts.
	PC Set
	Gamma
	CLxile (dBm)

	1
	1
	112

	2
	0.8
	129




	UE-eNodeB pathloss models
	As per TR 36.843
(Note: As specified in TR 36.843, layout options 1 and 3 correspond to 3GPP Case 1, and layout option 5 corresponds to 3GPP Case 3. Pathloss models for 3GPP case 1 and 3 are specified in TR 36.814 and TR 25.814, and provided here for completeness.) 
-	For layout options 1, 3: Use Table A.2.1.1.5-1, 3GPP Case 1
-	For layout option 5: Use Table A.2.1.1.5-1, 3GPP Case 3 
-	For fc of 700 MHz, a correction factor of 20log10(0.7/2) is applied
-	Penetration loss: As per Table A.2.1.1-1 in TR 36.814. 
-	Wall loss: For indoor users, when present, additional wall loss is specified in Table A.2.1.1.5-1
-	eNodeB antenna pattern: As per Table A.2.1.1-2 in TR 36.814.

	UE-eNodeB pathloss model
	Shadowing standard deviation
	PLoss
	Wall loss

	PLLOS(R)= 103.4+24.2log10(R)
PLNLOS(R)= 131.1+42.8log10(R)

For 2GHz, R in km.

Case 1:Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)
Case 3: Prob(R)=exp(-(R-0.01)/1.0)
	10 dB
	20 dB
	20 dB (when UE in indoor)



(Note these match the system calibration results in Figure A.2.2-1 in TR 36.814 for Case 1, 3D)

	UE RF parameters
	Noise figure: 9 dB
Antenna pattern: Omni-directional with gain of 0 dBi 
Number of antennas: 1 Tx, 2 Rx

	eNodeB RF parameters
	Noise figure: 5 dB
Antenna pattern: From clause 4.2.1.1 of TR 36.942




= 65 degrees, and 

	Channel 
	AWGN

	SINR-to-rate mapping
	As per link level performance model in TR 36.942 (Table A.2)

	UE ACLR model
	For power class 3 UEs (23dBm max transmit power)
For narrowband D2D aggressors (2RBs):
	Frequency offset between aggressor UE (2 RBs) and victim UE (16RBs)
	ACIR value (dB/16RBs)

	0 RBs
	30 

	16 RBs
	43 

	>=[32RBs] FFS
	[50] FFS



-	For WAN aggressors (16RBs): As per TR 36.942 (two-step): ACLR1/2 = 30/43 dB/BWaggressor

For power class 1 UEs (31 dBm max transmit power)
-	For narrowband D2D aggressors (2RBs): 7 dBs tighter than ACLR model for power class 3 UEs

-	For WAN aggressors (16RBs): Two-step: ACLR1/2 = 37/50 dB/BWaggressor



5.5.3.2	Public safety D2D discovery

Table 5.5.3.2-1: Simulation assumptions: D2D discovery
	Parameter
	Value

	Discovery signal bandwidth
	2 PRBs

	Discovery resource allocation
	64 UL subframes every 10 sec (can be updated based on RAN1/RAN2 agreements on resource allocation).
In discovery subframes, FDM between D2D and PUCCH is assumed.



	Number of PUCCH regions
	6 PRBs

	Discovery resource selection by UE
	Type 1 discovery procedure is assumed with baseline (random) resource selection method by the UE (can be updated based on RAN1 agreements)

	Number of D2D UEs participating in discovery per cell
	General Scenario
From Table A.2.1.1-1 of TR 36.843
Option 1: 150 UEs / cell
Public Safety Scenario
For 23 dBm UE max transmit power
Option 5: 150 UEs / cell
For 31 dBm UE max transmit power 
Option 5: 32 UEs/cell

	D2D UE transmit power control
	Baseline: No power control (can be updated based on RAN1 agreement)

	UE max transmit power
	For WAN UEs in victim network: 23 dBm
For D2D UEs in aggressor network:
For general scenario: 23 dBm 
For public safety scenario: 23 dBm, 31 dBm



[bookmark: _Toc415275001]5.5.3.3	Public safety D2D communications
Table 5.5.3.3-1: Simulation assumptions: Public safety D2D communications
	Parameter
	Value

	D2D signal bandwidth
	2 PRBs

	Average number of D2D communication sessions per cell
	Option 1: Average number of broadcast transmitters per cell is 3
Option 2: Average number of broadcast transmitters per cell is 6
Both Option 1 and 2 are simulated.
Note:
a)	Option 2 is being simulated to study robustness of the system in case of rare events. 
b)	Only critical problems identified with 12 Tx UEs, if any, will be addressed in rel-12. No optimization for 12 TX UEs will be considered in rel-12.
These assumptions only apply to public safety use cases and may need to be revisited in RAN4 for analysis of non-public safety use case scenarios.

	D2D Traffic model
	VoIP as defined in Table A.2.1.3-1 in TR 36.843, with a maximum of 4 HARQ transmissions per packet (can be updated based on RAN1 agreement on number/periodicity of transmissions)
-	Voice activity factor of 75%
5ms maximum periodicity in transmissions (without activity factor) 

Note: 
1)	Companies may provide results for full buffer traffic model as specified in TR 36.942 for RAN4 information only. 
2)	Rel-12 specifications and conclusions for Rel-12 D2D coexistence study shall be based on the VOIP model defined in TR 36.843 in the case of co-existence with adjacent systems. 

	D2D resource selection by UE
	For Mode 2 when out-of-coverage: Randomly selected per transmission (can be updated based on RAN1 agreements)

	D2D UE transmit power control
	Baseline: No power control (can be updated based on RAN1 agreement)

	UE max transmit power
	For WAN UEs in victim network: 23 dBm
For D2D UEs in aggressor network:
For general scenario: 23 dBm 
For public safety scenario: 23 dBm, 31 dBm 



[bookmark: _Toc415275002]5.5.4	Simulation Results
[bookmark: _Toc415275003]5.5.4.1	D2D discovery
Table 5.5.4.1-1 Results from Qualcomm (R4-145178)
	Deployment Scenario
	Layout
	Power control set
	UL Throughput Loss 
(WAN-WAN only; No D2D)
	UL Throughput Loss 
(Additional Increase over no-D2D)

	
	
	
	Avg.
	5% CDF
	Avg.
	5% CDF

	General Scenario
	Option 1
Indoor/Outdoor drop
	PC set 1
	2.22%
	5.59%
	0.00%
	0.00%

	
	
	PC set 2
	1.81%
	2.43%
	0.01%
	0.02%

	
	Option 3
Outdoor drop
	PC set 1
	4.62%
	6.79%
	0.00%
	0.00%

	
	
	PC set 2
	3.62%
	4.98%
	0.05%
	0.06%

	Public Safety Scenario
(23 dBm max UE transmit power)
	Option 5
Indoor/Outdoor drop
	PC set 1
	1.91%
	6.41%
	0.00%
	0.00%

	
	
	PC set 2
	1.90%
	3.10%
	0.01%
	0.02%

	
	Option 5
Outdoor drop
	PC set 1
	4.26%
	7.25%
	0.00%
	0.01%

	
	
	PC set 2
	3.30%
	4.69%
	0.05%
	0.05%

	Public Safety Scenario
(31 dBm max UE transmit power)
	Option 5
Indoor/Outdoor drop
	PC set 1
	1.91%
	6.41%
	0.00%
	0.00%

	
	
	PC set 2
	1.90%
	3.10%
	0.00%
	0.00%

	
	Option 5
Outdoor drop
	PC set 1
	4.26%
	7.25%
	0.00%
	0.00%

	
	
	PC set 2
	3.30%
	4.69%
	0.00%
	0.00%



Table 5.5.4.1-2 Results from Ericsson (R4-144863)
	Deployment Scenario
	Layout
	Power control set
	UL Throughput Loss 
(with D2D)

	
	
	
	Avg.
	5% CDF

	General Scenario
	Option 1
Indoor/Outdoor drop
	PC set 1
	2.10%
	2.40%

	
	
	PC set 2
	2.60%
	4.30%

	
	Option 3
Outdoor drop
	PC set 1
	1.50%
	2.50%

	
	
	PC set 2
	1.40%
	1.50%

	Public Safety Scenario
(23 dBm max UE transmit power)
	Option 5
Indoor/Outdoor drop
	PC set 1
	 
	 

	
	
	PC set 2
	 
	 

	
	Option 5
Outdoor drop
	PC set 1
	 
	 

	
	
	PC set 2
	 
	 

	Public Safety Scenario
(31 dBm max UE transmit power)
	Option 5
Indoor/Outdoor drop
	PC set 1
	 
	 

	
	
	PC set 2
	 
	 

	
	Option 5
Outdoor drop
	PC set 1
	0.60%
	5.50%

	
	
	PC set 2
	0.90%
	7.40%



Based on these results, it is concluded that the UL throughput degradation due to in-network discovery on co-existing adjacent channel services will be within acceptable operating limits for general scenarios with 150 UE's per cell and public safety scenarios with 32 UE's per cell transmitting at a power of 31 dBm.
[bookmark: _Toc415275004]5.5.4.2	Public safety D2D communications
[bookmark: _Toc415275005]5.5.4.2.1	VoIP traffic model

 Based on these results, the following conclusions were drawn:
-	Average UL throughput degradation due to out-of-network broadcast communication for public safety use cases was observed to be within operating limits of 5% loss. In some simulation results presented, UL throughput for 5%-tile cell-edge UEs was observed to exceed operating limit of 5% loss in some outdoor scenarios (with 4 HARQ retransmissions and max power transmissions of 31dBm (Nb=3/cell, 6/cell) and 23dBm (Nb=6/cell)).
-	For out-of-network broadcast communications for public safety use case, the maximum number of broadcast D2D transmitters should be limited to 6/cell assuming 4 blind HARQ transmissions per packets and max power transmissions.



The coexistence scenarios are described in following figure 1.
[image: ]
Figure 1. Coexistence scenarios between LTE UE (B13) and LTE PS UE (B14)

For Case 1 and Case 2, RAN4 had evaluated coexistence analysis in D2D ProSe WI. For the Case 3, the B13 UE could impact to LTE PS UE in B14. But the LTE B13 UE will applied A-MPR values. So it would not impact to LTE PS UE in B14. 
For the Case 4, there are some frequency gap about 32MHz between B13 and B14 and band filter will be mitigated the leakage from LTE PS UE in B14. Also the B14 UE applied MPR values according to PC3 and PC1. So there was no interference problem since LTE PS UE in B14 already deployed in real field as shown in Figure 1.

All candidate coexistence scenarios are considered to protect LTE B13 UE and legacy system for NR PS UE operation in n14.
From the above simulation results and coexistence analysis, we can observe as following observations. 
Observation 1: LTE PS UE already considered with PC1 and PC3 operation whether protect adjacent carrier such as B13 UE and legacy LTE system or not.
Observation 2: RAN4 did not consider OLPC scheme for coexistence evaluation in ProSe WI. But most general assumption will be reused for coexistence evaluation.
Observation 3: For the NR PS UE operation perspective in n14, RAN4 consider same coexistence scenarios in Figure 1.
Furthermore, in the NR V2X WI in REl-16, RAN4 had concluded that some interference issues were solved by applying the OLPC schemes in licensed band. So, the SL operation in licensed band is allowed for NR V2X service.
Observation 4: OLPC scheme will be mitigate the interference problem between legacy system and new NR PS operation.
Also RAN1 allowed the power control schemes for NR SL operation as follow
1) OLPC is applied by based on SL pathloss in unlicensed band
2) OLPC is applied by based on DL pathloss or SL pathloss in licensed band
3) There was no power control scheme if SL-PowerControl-r16 field is not signalled.

In TS38.331, RAN2 specified the SL-PowerControl-r16 filed in SL-ResourcePool information element as follow
SL-PowerControl-r16 ::=    SEQUENCE {
    sl-MaxTransPower-r16       INTEGER (-30..33),
    sl-Alpha-PSSCH-PSCCH-r16   ENUMERATED {alpha0, alpha04, alpha05, alpha06, alpha07, alpha08, alpha09, alpha1}  OPTIONAL,   -- Need M
    dl-Alpha-PSSCH-PSCCH-r16   ENUMERATED {alpha0, alpha04, alpha05, alpha06, alpha07, alpha08, alpha09, alpha1}  OPTIONAL,   -- Need S
    sl-P0-PSSCH-PSCCH-r16      INTEGER (-16..15)                                                                  OPTIONAL,   -- Need S
    dl-P0-PSSCH-PSCCH-r16      INTEGER (-16..15)                                                                  OPTIONAL,   -- Need M
    dl-Alpha-PSFCH-r16         ENUMERATED {alpha0, alpha04, alpha05, alpha06, alpha07, alpha08, alpha09, alpha1}  OPTIONAL,   -- Need S
    dl-P0-PSFCH-r16            INTEGER (-16..15)                                                                  OPTIONAL,   -- Need M
    ...
}

In here, the each parameters are indicated the detail values ad follow

Table 1. Detail SL-PoweControl-r16 parameters in SL-ResourcePool information
	SL-PowerControl field descriptions

	sl-MaxTransPower
Indicates the maximum value of the UE's sidelink transmission power on this resource pool. The unit is dBm.

	sl-Alpha-PSSCH-PSCCH
Indicates alpha value for sidelink pathloss based power control for PSCCH/PSSCH when sl-P0-PSSCH is configured. When the field is absent the UE applies the value 1. 

	sl-P0-PSSCH-PSCCH
Indicates P0 value for sidelink pathloss based power control for PSCCH/PSSCH. If not configured, sidelink pathloss based power control is disabled for PSCCH/PSSCH.

	dl-Alpha-PSSCH-PSCCH
Indicates alpha value for downlink pathloss based power control for PSCCH/PSSCH when dl-P0-PSSCH is configured. When the field is absent the UE applies the value 1. 

	dl-P0-PSSCH-PSCCH
Indicates P0 value for downlink pathloss based power control for PSCCH/PSSCH. If not configured, downlink pathloss based power control is disabled for PSCCH/PSSCH.

	dl-Alpha-PSFCH
Indicates alpha value for downlink pathloss based power control for PSFCH when dl-P0-PSFCH is configured. When the field is absent the UE applies the value 1. 

	dl-P0-PSFCH
Indicates P0 value for downlink pathloss based power control for PSFCH. If not configured, downlink pathloss based power control is disabled for PSFCH.



Observation 5: Based on RAN1/RAN2 specification, the worst scenario is to consider no power control scheme in NR public safety operation for SL enhancement WI.

Based on those observations, RAN4 can adopt the conclusion of the D2D ProSe WI for NR SL enhancement, hence RAN4 do not need the additional coexistence evaluation in n14 to protect band 13 UE.
Proposal 1: Based on above observation, RAN4 do not need the additional coexistence evaluation in n14 to protect band 13 UE and LTE/NR legacy system.

3. Conclusions
	In this contribution, we provide our views on NR PS UE coexistence evaluation in-NW scenarios. Based on the above observation, we propose as following
Observation 1: LTE PS UE already considered with PC1 and PC3 operation whether protect adjacent carrier such as B13 UE and legacy LTE system or not.
Observation 2: RAN4 did not consider OLPC scheme for coexistence evaluation in ProSe WI. But most general assumption will be reused for coexistence evaluation.
Observation 3: For the NR PS UE operation perspective in n14, RAN4 consider same coexistence scenarios in Figure 1.
Observation 4: OLPC scheme will be mitigate the interference problem between legacy system and new NR PS operation.
Observation 5: Based on RAN1/RAN2 specification, the worst scenario is to consider no power control scheme in NR public safety operation for SL enhancement WI.

Proposal 1: Based on above observation, RAN4 do not need the additional coexistence evaluation in n14 to protect band 13 UE and LTE/NR legacy system.
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