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Introduction
This paper discuss the requirements supporting Resource Selection/Reselection mechanism in V2V. The focus is on
1. Resource Selection/Reselection accuracy requirements.
2. RSRP and RSSI measurement accuracy.
3. Principle to convert RSRP and RSSI measurement accuracy to Resource Selection/Reselection accuracy.
Resource Selection/Reselection Procedure
In RAN1 #, a Resource Selection/Reselection mechanism for V2V has been agreed as follows [1]: Resource Selection/Reselection Procedure

When requested by higher layers in subframe n, the UE shall determine the set of resources to be excluded in PSSCH transmission according to the following steps. … (removed texts)


4)	The set  is initialized to the union of all the candidate single-subframe resources. The set  is initialized to an empty set.


5)	The UE shall exclude any candidate single-subframe resource  from the set  if it meets all the following conditions … (removed texts)

-	PSSCH-RSRP measurement according to the received SCI format 1 is higher than.
… (removed texts)





7)	For a candidate single-subframe resource  remaining in the set, the metric  is defined as the linear average of S-RSSI measured in sub-channels x+k for  in the monitored subframes in Step 2 that can be expressed by  for a non-negative integer j. 






8)	The UE moves the candidate single-subframe resource  with the smallest metric  from the set  to. This step is repeated until the number of candidate single-subframe resources in the set  becomes greater than or equal to,


9)	The set  is defined as the set of all the candidate single-subframe resources not included in the set.

The UE shall inform the higher layers that a set of time and frequency resources with the parameters determined by higher layers should be excluded in the PSSCH resource selection if the set includes any candidate single-subframe resource included in the set.


We see that it is necessary to define a core RRM requirement for Resource Selection/Reselection procedure in V2V. It serves two purposes:
· Ensuring that all UEs implement the mandated procedure properly.
· Ensuring that all UEs meet the RSRP and RSSI measurement requirements. These requirements cannot be test otherwise in isolation since there is no reporting involved.
We propose the following as the core requirement
When requested by higher layers in subframe n, the UE shall determine the set of resources to be excluded in PSSCH transmission SB according to the procedure defined in [1]. The UE shall be able to determine the correct set SB as defined in [1] with X% probability.
The value of X is FFS.
Proposal 1: RAN4 define the core RRM requirement for Resource Selection/Reselection in V2V as
When requested by higher layers in subframe n, the UE shall determine the set of resources to be excluded in PSSCH transmission SB according to the procedure defined in [1]. The UE shall be able to determine the correct set SB as defined in [1] with X% probability.
RSRP and RSSI measurement accuracy
RSRP measurement accuracy 
We present in this Section our simulation results for RSRP measurement accuracy under the agreed simulation assumptions [4]. The details of the assumptions are listed here for completeness of exposition. 
Simulation Assumptions
Table 1: Simulation assumptions for PSSCH-RSRP measurement accuracy
	Parameters
	Value
	Comments

	Frame structure type
	1
	TDD

	Measurement bandwidth for PSSCH-RSRP
	3 resource blocks
	Adjacent transmission

	
	4 resource blocks
	Non-adjacent transmission

	System bandwidth
	50 resource blocks
	 

	L1 measurement
	1 shot measurement 
	

	L3 filtering
	Disabled
	 

	Transmit antenna
	1
	 

	Receive antennas
	2
	Note that the measured value shall not be lower than the corresponding value of any of the individual diversity branches.

	Propagation conditions
	AWGN, ETU, EVA
	 

	Doppler Frequency: EVA and EPA
	500Hz(ETU), 1530Hz(EVA), 2700(EVA)
	 

	CP length
	Normal
	 

	Carrier frequency
	5.9GHz
	 

	Center Frequency Offset 
	Hz
	{0, 0.2ppm, 0.3ppm} 

	PSSCH_Ec/Iot
	[-6 dB] … 3 dB
	AWGN noise ,
The minimum SNR point is selected  based on PSCCH  performance (companies are encouraged to provide results on SA  BLER vs SNR)



The following performance metrics are considered
· The CDF curves (including the 95% and 5% CDF points) for delta PSSCH-RSRP.
Delta PSSCH-RSRP is defined as follows:
Delta PSSCH-RSRP = Measured PSSCH-RSRP – Ideal PSSCH-RSRP.
Ideal PSSCH-RSRP is defined as the true value assuming perfect channel estimation using the same sampling rate and sampling occasions as used in the measured PSSCH-RSRP evaluation.
Simulation Results
In particular, we simulate AWGN, EVA and ETU channel model with SNR equals -3, 0 and 3dB. As it is shown in REFSENS simulation that the decodable SNR for PSCCH under AWGN is no less than -3dB, we think that it is unnecessary to consider SNR below -3dB for all channel models. The Doppler frequencies for EVA are 1530Hz (agreed assumption) and 2700Hz (optional). Furthermore, to test the robustness of the measurement under high Doppler shift, which can arises in the case 2 vehicles moving at high speed toward each other in LOS condition, we also consider a shift of 1530Hz and 2700Hz in AWGN channel model. In Figures 1, 2, and 3 are the results for SNR = -3, 0 and 3dB, respectively.
[image: ][image: ]
Figure 1. Cdf of one shot Delta-RSRP at SNR = -3dB, left is with 3 RB measurement bandwidth, right is with 4 RB measurement bandwidth 
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Figure 2. Cdf of one shot Delta-RSRP at SNR = 0dB, left is with 3 RB measurement bandwidth, right is with 4 RB measurement bandwidth 
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Figure 3. Cdf of one shot Delta-RSRP at SNR = 0dB, left is with 3 RB measurement bandwidth, right is with 4 RB measurement bandwidth 
The 5% and 95% point of Delta-RSRP, together with the PSCCH decoding performance for each of the considered channel models are captured in Table 2.
Table 2. Measurement Accuracy and PSSCH BLER Result
	Channel Model
	SNR
	5% Delta-RSRP 3 RBs
	95% Delta-RSRP 3 RBs
	5% Delta-RSRP 4 RBs
	95% Delta-RSRP 4 RBs
	PSCCH BLER

	AWGN 0 Shift
	-3dB
	0.91
	3.37
	0.54
	2.80
	0.002

	
	0dB
	0.36
	2.48
	0.14
	2.07
	0

	
	3dB
	0.05
	1.87
	-0.13
	1.57
	0

	AWGN 1530 Shift
	-3dB
	0.97
	3.27
	0.49
	2.71
	0.018

	
	0dB
	0.32
	2.40
	0.07
	1.97
	0

	
	3dB
	-0.07
	1.74
	-0.17
	1.42
	0

	AWGN 2700 Shift
	-3dB
	0.83
	3.32
	0.48
	2.70
	0.036

	
	0dB
	0.18
	2.39
	0.05
	1.90
	0.001

	
	3dB
	-0.27
	1.64
	-0.27
	1.30
	0

	EVA 1530
	-3dB
	-0.22
	2.60
	-0.44
	2.14
	0.218

	
	0dB
	-0.47
	1.89
	-0.62
	1.52
	0.063

	
	3dB
	-0.65
	1.38
	-0.79
	1.10
	0.011

	EVA 2700
	-3dB
	-0.22
	2.60
	-0.44
	2.14
	0.549

	
	0dB
	-0.47
	1.89
	-0.62
	1.52
	0.239

	
	3dB
	-0.65
	1.38
	-0.79
	1.10
	0.106

	ETU 500
	-3dB
	-0.43
	2.50
	-0.81
	1.94
	0.189

	
	0dB
	-0.83
	1.73
	-1.12
	1.30
	0.053

	
	3dB
	-1.20
	1.22
	-1.59
	0.80
	0.010



Key observations on the results
1. The results for 4 RBs measurement bandwidth are similar to the SD-RSRP measurement case. This is expected because the number of measured REs is the same (194 REs) for both case. For V2V, the results are slightly worse (about 0.7dB) because the channel estimation algorithm in V2V has to handle much faster channel variation. 
2. The results are slightly worse for 3 RBs measurement bandwidth (compared to the case of 4RBs), since the number of measured REs in this case is only 144. The difference in the results are also as expected (approximately 1/2 * log10(4/3) = 0.625 dB)
3. Worst case decode SNR at 1%BLER for PSCCH is 3dB for all channels except EVA2700.  
As resource allocation of 3 RBs is quite atypical in V2V, we propose to handle this as a special case and reuse D2D SD-RSRP measurement requirement for all other cases. The accuracy requirement should be set as
D = DBaseband + IM
Where DBaseband is set as in Table 3 according to the simulation results. The IM will have to be determined for band 47.
Table 3: Baseband V2V RSRP absolute accuracy
	NRB
	3
	≥4

	Ês/Iot (dB)
	-3
	0
	3
	-3
	0
	3

	Accuracy (dB)
	±3.5
	±3
	±2
	±3
	±2.5
	±2


Proposal 2:  The accuracy requirement should be set as
D = DBaseband + IM
Where DBaseband is set as in Table 3 according to the simulation results. The IM will have to be determined for band 47.
RSSI measurement
According to [5], the same approach as LAA RSSI measurement requirement can be used for S-RSSI. In particular, the requirement for LAA RSSI measurement [2] is:
The requirements apply for any configured RSSI measDuration, provided that:
-	All symbols during each RSSI measurement duration are available for RSSI sampling within the same reporting interval.
Table 9.1.18.5.2-1: Intra-frequency RSSI accuracy
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Io Note 1 range

	
	
	E-UTRA operating band groups Note 4
	Minimum Io
	Maximum Io

	dB
	dB
	
	dBm/15kHz Note 3
	dBm/BWChannel

	2.5
	5.5
	FS3_G
	-118
	-50

	4.5
	7.5
	Note 2
	Note 2
	Note 2

	NOTE 1:	Io is assumed to have constant EPRE across the bandwidth.
NOTE 2:	The same bands and the same Io conditions for each band apply for this requirement as for the corresponding highest accuracy requirement.
NOTE 3:	The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.
NOTE 4:	E-UTRA operating band groups are as defined in Section 3.5.



Where the RSSI definition is as follow [3]
	Definition
	E-UTRA Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed only in the configured OFDM symbol and in the measurement bandwidth over N number of resource blocks, by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. 

Higher layers indicate the measurement duration and which OFDM symbol(s) should be measured by the UE.

The reference point for the RSSI shall be the antenna connector of the UE. 

If receiver diversity is in use by the UE, the reported value shall not be lower  than the corresponding RSSI of any of the individual diversity branches

	Applicable for
	RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-frequency



On the other hand, the S-RSSI definition is as follow [3]
	Definition
	Sidelink RSSI (S-RSSI) is defined as the linear average of the total received power (in [W]) per SC-FDMA symbol observed by the UE only in the configured sub-channel in SC-FDMA symbols 1, 2, …, 6 of the first slot and SC-FDMA symbols 0,1,…, 5 of the second slot of a subframe 

The reference point for the S-RSSI shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding S-RSSI of any of the individual diversity branches

	Applicable for
	RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,
RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-frequency



Comparing the two definitions, we observe the following differences:
1. L1 filtering: the LAA RSSI measurement accuracy is defined for a typical L1 filtering period of 1 OFDM symbol, while S-RSSI L1 period is 12 OFDM symbols.
2. Baseband processing: for LAA RSSI it is sufficient to process samples in time domain directly. In V2V, since the RSSI is defined per sub-channel, we have to take the FFT first then sum up the samples in the corresponding sub-channel. In doing this, some distortion can come from discarding the CP of each OFDM symbol.
3. Measurement bandwidth:  the LAA RSSI measurement is performed over the whole bandwidth, which can be either 10MHz or 20MHz. Yet, the requirement is the same, irrespective of the bandwidth. Thus it worth studying if the measurement bandwidth has any effect the accuracy, given that the measurement bandwidth of S-RSSI is much smaller (4 or 5 RBs depend on whether PSSCH and PSCCH are adjacent or not).
To take into account points 1 and 3, we observe that the numbers of REs used in the two RSSI measurements are quite similar. In LAA case, it is 600 REs, assuming that the measurement bandwidth is 10MHz. In V2V, the number of REs is either 576 (sub-channel size of 4RBs) or 720 (sub-channel size of 5RBs). Thus, it is reasonable to consider the LAA requirement as a baseline in this respect. RAN4 then need to study in detail the effect of point 2 to see if any additional margin is needed.
Proposal 3: LAA RSSI measurement requirement can be used as a baseline. RAN4 to study if any additional margin is needed due to CP removal and FFT processing. 
Principle to Convert RSRP and RSSI Measurement Accuracy to Collision Avoidance Accuracy
As noted in the previous sections, the measurement accuracy cannot be tested in isolation but is reflected in the final Collision Avoidance accuracy. In order to figure out the relationship between the former and the latter, one has to design typical input scenarios for the Resource Selection/Reselection procedure such that the corresponding outputs can be uniquely determined, assuming that all measurements are ideal. We describe below two such input scenarios, one is to infer the Collision Avoidance accuracy from RSRP measurement error, while the other is to infer Collision Avoidance accuracy from RSSI measurement error.  
Input Scenario for RSRP Measurement

The setup involves one UE under test and 80 other instrumental UEs. The instrumental UEs are configured to transmit once every 100ms using the subframes {1, 2… 80} in the 100ms windows. The resource pool is configured such that each instrumental UE occupies the whole subframe. The SNR level from every instrumental UE to the UE under test is set in such a way that 1) PSCCH can be decoded, 2) Data-RSRP is higher than the configured test parameter + RSRP measurement error margin. Under this condition, the expected SB set is the set of subframes {81, 82… 100}.
Input Scenario for RSSI Measurement

The setup involves one UE under test and 80 other instrumental UEs. The instrumental UEs are configured to transmit once every 100ms using the subframes {1, 2… 80} in the 100ms windows. The resource pool is configured such that each instrumental UE occupies the whole subframe.  parameter is set to plus infinity so that no resource is excluded due to PSCCH decoding. Thus, the resource selection is based on RSSI ranking. The signal level from every instrumental UE to the UE under test is set in such a way that RSSI in each sub channel where there is an occupying instrumental UE is larger than noise level + the RSSI measurement error margin. Under this condition, the expected SB set is the set of subframes {81, 82… 100}.
Determining the Collision Avoidance Accuracy
Another open question is whether the excluded set SB can be exposed to the test equipment or not. If SB can be exposed, the Collision Avoidance accuracy X% can be directly measured by the ratio that the actual reported SB is different from the known ideal one. If SB cannot be exposed, the Collision Avoidance accuracy X% has to be indirectly inferred from the ratio that the actual transmission resource of the DUT is in the known ideal SB. The two example input scenarios considered here is applicable to all cases.  
Proposal 4: RAN4 adopts the framework discuss in Section 4 of this paper to convert RSRP and RSSI measurement accuracy to the value X.
Conclusions
Proposal 1: RAN4 define the core RRM requirement for Resource Selection/Reselection in V2V as
When requested by higher layers in subframe n, the UE shall determine the set of resources to be excluded in PSSCH transmission SB according to the procedure defined in [1]. The UE shall be able to determine the correct set SB as defined in [1] with X% probability.
Proposal 2:  The accuracy requirement should be set as
D = DBaseband + IM
Where DBaseband is set as in Table 3 according to the simulation results. The IM will have to be determined for band 47.
Proposal 3: LAA RSSI measurement requirement can be used as a baseline. RAN4 to study if any additional margin is needed due to CP removal and FFT processing. 
Proposal 4: RAN4 adopts the framework discuss in Section 4 of this paper to convert RSRP and RSSI measurement accuracy to the value X.
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