Page 1

3GPP TSG RAN WG1 Meeting#90                                            
                            R1-1714841
Prague, Czech Republic, 21st – 25th August 2017
Source:
Intel Corporation

Title:
Draft Text Proposal for 3GPP TR 36.746 Capturing RAN1 Evaluation Results on FeD2D Study Item
Agenda item:
5.2.9.1
Document for:
Discussion and Decision
1 Introduction

At RAN1#89 it was agreed to collect evaluation results for FeD2D in order to capture them in FeD2D TR 36.746 [1]. An email discussion “[89-13] FeD2D evaluation results template” was allocated to approve a template for collection of the evaluation results. The discussion was successfully completed and the final template was agreed. Another email discussion “[89-14] FeD2D evaluation results collection” was completed and the results captured in the agreed template. In this contribution, based on the submitted results we provide a text proposal to TR 36.746.
2 Text Proposal

In this section we provide the text proposal on capturing the evaluation results in the TR. The corresponding text updates are highlighted in the tracking mode to simplify review of the proposed updates.
------------------------------------------------------------- Start of Text Proposal 1 ----------------------------------------------------------
3 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]
RP-161303: “Further Enhancements LTE Device to Device, UE to Network Relays for IoT and Wearables
[3]
3GPP TR 36.843: “Study on LTE Device to Device Proximity Services; Radio Aspects (Release 12)”.

[4]
3GPP TR 45.820: “Cellular system support for ultra-low complexity and low throughput Internet of Things (CIoT) (Release 13)”.

[5]
3GPP TS 36.101: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception".
[6]
R1-1712511: “Performance Evaluation Summary of Sidelink Communication Enhancements for Wearable-centric Scenario”, Intel Corporation, Prague, Czech Republic, August 2017.

[7]
R1-1712512: “Performance Evaluation Summary of Sidelink Communication Enhancements for IoT-centric Scenario”, Intel Corporation, Prague, Czech Republic, August 2017.

[8]
R1-1712513: “Performance Evaluation Summary of Sidelink Discovery Enhancements for Wearable and IoT Use Cases”, Intel Corporation, Prague, Czech Republic, August 2017.
[9]
R1-1712522: “Considerations on Sidelink Design Enhancements to Support One PRB BW Limited Remote UEs”, Intel Corporation, Prague, Czech Republic, August 2017.

[10]
R1-1714600: “Evaluation of sidelink enhancements for scenario 1”, Sony, Prague, Czech Republic, August 2017.
[11]
R1-1713997: “Evaluation results for FeD2D communication in scenario 1”, Nokia, Nokia Shanghai Bell, Prague, Czech Republic, August 2017.
[12]
R1-1713998: “Evaluation results for FeD2D communication in scenario 2”, Nokia, Nokia Shanghai Bell, Prague, Czech Republic, August 2017.
-------------------------------------------------------------- End of Text Proposal 1----------------------------------------------------------
------------------------------------------------------------- Start of Text Proposal 2 ----------------------------------------------------------
4 Evaluation results
The evaluation results were provided by four sources as follows:

· Source 1 from [6]-[8];

· Source 2 from [10];

· Source 3 from [11]-[12];

· Source 4 from [9].
4.1 Common Evaluation Assumptions
The following common evaluation assumptions for two scenarios are used captured in Table 6.1‑1.
Table 6.1‑1. Common evaluation assumption for discovery and communication.

	 
	Scenario 1
	Scenario 2

	Traffic model
	VoIP
	FTP Model 2 with 10 kB packet size, 5 seconds mean reading time

Optional:
FTP Model 3, 7 packets per second per cell, Truncated Pareto distributed packet size with minimum 20 byte and maximum 200 byte, shape parameter 2.5

	UE TX maximum power
	23 dBm
	23 dBm

	Remote UE bandwidth
	6 PRB
	6 PRB

	Number of relay UEs per cell
	10
	20 and 40

	Number of remote UEs
	2 and 8 per relay UE
	70 per cell

	In-band or out of band relaying
	In-band
	In-band

	Traffic direction (for communication)
	DL and UL
	DL and UL

	Discovery period
	320 ms
	320 ms


4.2 Discovery Analysis
This clause summarizes the evaluation results of potential discovery enhancements to support UE-to-NW Relay discovery by bandwidth limited low complexity UEs. The results are presented for the two agreed deployment scenarios: Scenario 1 (wearable centric) and Scenario 2 (IoT centric).

For discovery, the following performance metrics are used:

· Mean time to discover target Relay measured in [ms]
· Mean energy spent to discover target Relay measured in [unit]
· Number of discovered Relay UEs depending on discovery period index
4.2.1 Scenario 1 – Wearable Centric

For wearable Scenario 1, the evaluation assumptions are collected first in Table 6.2‑1 and Table 6.2‑2.

Table 6.2‑1. Evaluation assumption for baseline discovery performance.

	 
	Source 1
	Source 2
	Source 3

	PSDCH resource pool configuration
	48 PRB, 8 subframes
	48 PRB, 8 subframes
	48 PRB, 8 subframes

	PSDCH number of TTIs
	2
	2
	2

	PSDCH number of RBs
	2
	2
	2

	PSDCH time-frequency pattern / hopping
	Rel.12 half-band hopping
	NA
	no hopping

	Sidelink power control
	max power
	max power
	max power

	Discovery Model assumption
	Model-B
	Model-A
	Model-B

	Discovery Type
	Type 1
	Type 1
	Type 1

	Resource allocation details
	Rel.12 random selection within 48 bandwidth
	One shot transmission.
Rel.12 random selection within 48 bandwidth. 
	Rel.12 random selection within 48 bandwidth

	Decoding capability
	1 decoding per 2 PRB resource
	6PRB in one subframe
	1 decoding per 2 PRB resource

	Other assumptions
	Ideal solicitation reception
	Remote UEs randomly select monitoring sub-channel
	


Table 6.2‑2. Evaluation assumption for enhanced discovery performance.

	 
	Source 1
	Source 2
	Source 3

	PSDCH resource pool configuration
	48 PRB, 8 subframes
	48 PRB, 8 subframes
	48 PRB, 8 subframes

	PSDCH number of TTIs
	2
	4
	2

	PSDCH number of RBs
	2
	2
	2

	PSDCH time-frequency pattern / hopping
	Rel.12 half-band hopping
	NA
	no hopping

	Sidelink power control
	max power
	max power
	max power

	Discovery Model assumption
	Model-B
	Model-A
	Model-B

	Discovery Type
	Type 1
	Type 1
	Type 1

	Resource allocation details
	Response is sent in the sub-band where the solicitation was received
	4 multi-shot transmission. Random resource selection within selected 4 sub-channel.
	Response is sent in the sub-band where the solicitation was received

	Decoding capability
	1 decoding per 2 PRB resource
	6PRB in one subframe
	1 decoding per 2 PRB resource

	Other assumptions
	Ideal solicitation reception
	Remote UEs randomly select monitoring sub-channel
	


The evaluation results based on the above assumptions are presented in tables in figured below. In particular, the number of discovered UEs depending on discovery period index for the two considered Remote UE densities is shown in Figure 6.2‑1
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Figure 6.2‑1. Number of discovered UEs depending on discovery period index for Scenario 1.
The time to discover a relay and the corresponding energy consumption is presented in Table 6.2‑3 and Table 6.2‑4.

Table 6.2‑3. Mean time to discover and mean energy to discover target relay in Scenario 1 with M = 2.

	
	Baseline
	Enhanced

	
	Source 1
	Source 2
	Source 3
	Source 1
	Source 2
	Source 3

	Mean time to discover target Relay, ms
	2120.73
	1997.25
	1469.00
	327.2 (548%)
	372.58 (436%)
	118.19 (1142%)

	Mean energy spent to discover target Relay, unit
	21.18
	22.58
	20.81
	3.257 (550%)
	5.64 (300%)
	3.48 (497%)


Table 6.2‑4. Mean time to discover and mean energy to discover target relay in Scenario 1 with M = 8.

	
	Baseline
	Enhanced

	
	Source 1
	Source 2
	Source 3
	Source 1
	Source 2
	Source 3

	Mean time to discover target Relay, ms
	2120.73
	2125.02
	-
	327.2 (548%)
	391.25 (443%)
	-

	Mean energy spent to discover target Relay, unit
	21.18
	25.21
	-
	3.257 (550%)
	6.03 (318%)
	-


4.2.2 Scenario 2 – IoT Centric

For IoT centric Scenario 1, the evaluation assumptions are collected first in Table 6.2‑5 and Table 6.2‑6.

Table 6.2‑5. Evaluation assumption for baseline discovery performance.

	 
	Source 1
	Source 3

	PSDCH resource pool configuration
	48 PRB, 8 subframes
	48 PRB, 8 subframes

	PSDCH number of TTIs
	2
	2

	PSDCH number of RBs
	2
	2

	PSDCH time-frequency pattern / hopping
	Rel.12 half-band hopping
	no hopping

	Sidelink power control
	max power
	max power

	Discovery Model assumption
	Model-B
	Model-B

	Discovery Type
	Type 1
	Type 1

	Resource allocation details
	Rel.12 random selection within 48 bandwidth
	Rel.12 random selection within 48 bandwidth

	Decoding capability
	1 decoding per 2 PRB resource
	1 decoding per 2 PRB resource

	Other assumptions
	Ideal solicitation reception
	


Table 6.2‑6. Evaluation assumption for enhanced discovery performance.

	 
	Source 1
	Source 3

	PSDCH resource pool configuration
	48 PRB, 8 subframes
	48 PRB, 8 subframes

	PSDCH number of TTIs
	2
	2

	PSDCH number of RBs
	2
	2

	PSDCH time-frequency pattern / hopping
	Rel.12 half-band hopping
	no hopping

	Sidelink power control
	max power
	max power

	Discovery Model assumption
	Model-B
	Model-B

	Discovery Type
	Type 1
	Type 1

	Resource allocation details
	Response is sent in the sub-band where the solicitation was received
	Response is sent in the sub-band where the solicitation was received

	Decoding capability
	1 decoding per 2 PRB resource
	1 decoding per 2 PRB resource

	Other assumptions
	Ideal solicitation reception
	


The evaluation results based on the above assumptions are presented in tables in figured below. In particular, the number of discovered UEs depending on discovery period index is shown in Figure 6.2‑2.
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Figure 6.2‑2. Number of discovered UEs depending on discovery period index for Scenario 2.
The time to discover a relay and the corresponding energy consumption for the two considered Relay UE densities is presented in Table 6.2‑7 and Table 6.2‑8.

Table 6.2‑7. Mean time to discover and mean energy to discover target relay in Scenario 2 with N = 20.

	
	Baseline
	Enhanced

	
	Source 1
	Source 3
	Source 1
	Source 3

	Mean time to discover target Relay, ms
	2133
	1514
	344 (520%)
	532 (184%)

	Mean energy spent to discover target Relay, unit
	21.31
	16.8
	3.42 (523%)
	4.8 (250%)


Table 6.2‑8. Mean time to discover and mean energy to discover target relay in Scenario 2 with N = 40.

	
	Baseline
	Enhanced

	
	Source 1
	Source 3
	Source 1
	Source 3

	Mean time to discover target Relay, ms
	2115.72
	1213.74
	335.88 (530%)
	225.77 (438%)

	Mean energy spent to discover target Relay, unit
	21.14
	12
	3.342 (533%)
	3.47 (246%)


4.2.3 Observations on Discovery Evaluations

Based on discovery evaluation results provided by three sources, the following observations are made:

· For scenario 1, if Model A is enhanced with multi-shot discovery message transmission across Relay UE bandwidth, substantial gains (~443%) in time to discover and mean energy to discover the target relay are observed comparing to the legacy behaviour. Moreover, the number of discovered candidate Relay UEs with times increases.

· For both scenarios, if Model B is enhanced with association of solicitation and response resources, substantial gains (184-1142%) in time to discover and mean energy to discover the target relay are observed comparing to the legacy behaviour. Moreover, the number of discovered candidate Relay UEs with times increases.

4.3 Communication Analysis
This clause summarizes the evaluation results of potential enhancements to support UE-to-NW Relaying and sidelink communication by bandwidth limited low complexity UEs. The results are presented for the two agreed deployment scenarios: Scenario 1 (wearable centric) and Scenario 2 (IoT centric).

4.3.1 Scenario 1 – Wearable Centric

For wearable Scenario 1, the evaluation assumptions are collected first in Table 6.3‑1 and Table 6.3‑2.
Table 6.3‑1. Evaluation assumption for baseline sidelink communication performance for Scenario 1.

	 
	Source 1
	Source 2
	Source 3

	Sidelink parameters

	PSCCH resource pool configuration
	4 subframes, 50 PRB, PSCCH period 40 ms
	4 subframes, 48 PRB
	8 subframes, 40 PRB, PSCCH period 40 ms

	PSCCH number of TTIs
	2
	2
	2

	PSCCH number of RBs
	1
	2
	1

	PSSCH resource pool configuration
	36 subrames, 50 PRB
	36 subrames, 50 PRB
	32 subrames, 40 PRB

	PSCCH time-frequency pattern / hopping
	Rel.12
	Not applied
	Rel.12

	PSSCH number of TTIs
	4
	4
	2

	PSSCH number of RBs
	6
	6
	2

	PSSCH time-frequency pattern
	Enabled
	Disabled
	Random

	PSSCH MCS
	3
	Fixed MCS 3
	6

	Sidelink power control
	Alpha 1, P0 = -105, eNB-UE pathloss compensation
	Based on Uu link PL, P0=-90dBm, α=1
	Alpha 1, P0 = -90, eNB-UE pathloss compensation, Pmax = 0dBm

	Resource allocation mode and details
	Rel.12 Mode-2
	Resource allocation mode: 1
	Rel.12 Mode-2

	Decoding status feedback assumption
	No
	No feedback assumption
	No

	Other assumptions
	PSCCH is not modelled only taken as an overhead
	PSCCH is not modelled
	PSCCH is not modelled only taken as an overhead

	Downlink parameters

	Relay UE MIMO mode and antenna configuration 
	1 TX, 2 RX, Closed Loop Spatial Multiplexing
	NA
	

	Other assumptions
	
	Ideal DL is assumed
	

	Uplink parameters

	UL power control parameters for Remote UE
	Alpha 1, P0 = -100 
	NA
	

	UL power control parameters for Relay UE
	Alpha 1, P0 = -100 
	NA
	

	Other assumptions
	
	Ideal UL is assumed
	


Table 6.3‑2. Evaluation assumption for enhanced sidelink communication performance for Scenario 1.

	 
	Source 1
	Source 2
	Source 3

	Sidelink parameters

	PSCCH resource pool configuration
	4 subframes, 50 PRB, PSCCH period 40 ms
	4 subframes, 48 PRB
	8 subframes, 40 PRB, PSCCH period 40 ms

	PSCCH number of TTIs
	2
	2
	2

	PSCCH number of RBs
	1
	2
	1

	PSSCH resource pool configuration
	36 subrames, 50 PRB
	36 subrames, 50 PRB
	32 subrames, 40 PRB

	PSCCH time-frequency pattern / hopping
	Rel.12
	Not applied
	Rel.12

	PSSCH number of TTIs
	1-4
	1-4
	2

	PSSCH number of RBs
	6
	6
	2

	PSSCH time-frequency pattern
	Enabled
	Disabled
	Random

	PSSCH MCS
	Adaptive
	Adaptive
	6

	Sidelink power control
	Alpha 1, P0 = -105, UE-UE pathloss compensation
	Based on sidelink PL, P0=-90dBm, α=1
	Alpha 1, P0 = -95, UE-UE pathloss compensation

	Resource allocation mode and details
	Relay UE-controlled orthogonal resource assignment
	Relay assisted resource allocation
	Relay UE assisted resource allocation

	Decoding status feedback assumption
	RLC AM status reporting
	RLC AM
	No

	Other assumptions
	PSCCH is not modelled only taken as an overhead
	PSCCH is not modelled
	PSCCH is not modelled only taken as an overhead

	Downlink parameters

	Relay UE MIMO mode and antenna configuration 
	1 TX, 2 RX, Closed Loop Spatial Multiplexing
	NA
	

	Other assumptions
	
	Ideal DL is assumed
	

	Uplink parameters

	UL power control parameters for Remote UE
	Alpha 1, P0 = -100 
	NA
	

	UL power control parameters for Relay UE
	Alpha 1, P0 = -100 
	NA
	

	Other assumptions
	
	Ideal UL is assumed
	


4.3.1.1.1 DL Direction, M = 2

The energy savings for Scenario 1 for DL and M = 2 are presented in Figure 6.3‑1. The average energy efficiency and percentage of successful packets and links are shown in Table 6.3‑3.
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Figure 6.3‑1. DL energy efficiency CDF for Scenario 1, M = 2.
Table 6.3‑3. Percentage of successful packets, successful VoIP links, an average energy efficiency for Scenario 1, M = 2, DL.

	
	Baseline
	Enhanced

	
	Source 1
	Source 2
	Source 3
	Source 1
	Source 2
	Source 3

	Percentage of successful packets
	99.8
	92.24
	98.57
	100 (0.2%)
	95.01 (2.77%)
	99.72 (1.15%)

	Percentage of successful VoIP links
	99.4
	89.85
	66.67
	100 (0.6%)
	93.57 (3.72%)
	96.49 (29.82%)

	Average energy efficiency per bit for Remote UEs (see the first worksheet for details)
	0.0049
	0.0025
	0.0068
	0.0012 (308%)
	0.0013 (92%)
	0.0067 (1,49%)


4.3.1.1.2 UL Direction, M = 2

The energy savings for Scenario 1 for UL and M = 2 are presented in Figure 6.3‑2. The average energy efficiency and percentage of successful packets and links are shown in Table 6.3‑4.
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Figure 6.3‑2. UL energy efficiency CDF for Scenario 1, M = 2.
Table 6.3‑4. Percentage of successful packets, successful VoIP links, an average energy efficiency for Scenario 1, M = 2, UL.

	
	Baseline
	Enhanced

	
	Source 1
	Source 2
	Source 3
	Source 1
	Source 2
	Source 3

	Percentage of successful packets
	96.4
	94.83
	96
	97.6 (1.2%)
	97.02 (2.19%)
	99.96 (3.96%)

	Percentage of successful VoIP links
	90.24
	90.24
	21.32
	93.45 (3.21%)
	96.43 (6.19%)
	99.39 (78.07%)

	Average energy efficiency per bit for Remote UEs (see the first worksheet for details)
	0.015
	0.0182
	0.0064
	0.0015 (900%)
	0.0017 (972%)
	0.0061 (4.9%)


4.3.1.1.3 DL Direction, M = 8

The energy savings for Scenario 1 for DL and M = 8 are presented in Figure 6.3‑3. The average energy efficiency and percentage of successful packets and links are shown in Table 6.3‑5.
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Figure 6.3‑3. DL energy efficiency CDF for Scenario 1, M = 8.
Table 6.3‑5. Percentage of successful packets, successful VoIP links, an average energy efficiency for Scenario 1, M = 8, DL.

	
	Baseline
	Enhanced

	
	Source 1
	Source 2
	Source 3
	Source 1
	Source 2
	Source 3

	Percentage of successful packets
	99.9
	82.76
	94.53
	100 (0.1%)
	88.56 (5.8%)
	98.63 (4.1%)

	Percentage of successful VoIP links
	99.76
	78.59
	32.04
	100 (0.24%)
	85.24 (6.65%)
	79.06 (47.02%)

	Average energy efficiency per bit for Remote UEs (see the first worksheet for details)
	0.0049
	0.0028
	0.0071
	0.0012 (308%)
	0.0018 (56%)
	0.0068 (4.4%)


4.3.1.1.4 UL Direction, M = 8

The energy savings for Scenario 1 for DL and M = 2 are presented in Figure 6.3‑4. The average energy efficiency and percentage of successful packets and links are shown in Table 6.3‑6.
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Figure 6.3‑4. UL energy efficiency CDF for Scenario 1, M = 8.
Table 6.3‑6. Percentage of successful packets, successful VoIP links, an average energy efficiency for Scenario 1, M = 8, UL.

	
	Baseline
	Enhanced

	
	Source 1
	Source 2
	Source 3
	Source 1
	Source 2
	Source 3

	Percentage of successful packets
	71.4
	85.56
	56.91
	88.9 (17.5%)
	88.56 (3%)
	98.7 (41.79%)

	Percentage of successful VoIP links
	50.57
	80.81
	0
	65.03 (14.46%)
	85.24 (4.43%)
	75.24 (75.24%)

	Average energy efficiency per bit for Remote UEs (see the first worksheet for details)
	0.0151
	0.0185
	0.011
	0.0019 (695%)
	0.0018 (928%)
	0.0062 (77%)


4.3.2 Scenario 2 – IoT Centric

For IoT centric Scenario 2, the evaluation assumptions are collected first Table 6.3‑7 and Table 6.3‑8.
Table 6.3‑7. Evaluation assumption for baseline sidelink communication performance for Scenario 2.

	 
	Source 1
	Source 3

	Sidelink parameters

	PSCCH resource pool configuration
	4 subframes, 50 PRB, PSCCH period 40 ms
	8 subframes, PSCCH period 40ms

	PSCCH number of TTIs
	2
	2

	PSCCH number of RBs
	1
	1

	PSSCH resource pool configuration
	36 subrames, 50 PRB
	32 subrames, 40 PRB

	PSCCH time-frequency pattern / hopping
	Rel.12
	Rel.12

	PSSCH number of TTIs
	4
	2

	PSSCH number of RBs
	6
	2

	PSSCH time-frequency pattern
	Enabled
	Enabled

	PSSCH MCS
	Fixed
	6

	Sidelink power control
	Alpha 1, P0 = -96, eNB-UE pathloss compensation
	Alpha 1, P0 = -90, eNB-UE pathloss compensation; Pmax = 23dBm

	Resource allocation mode and details
	Rel.12 Mode-2
	Rel.12 Mode-2

	Decoding status feedback assumption
	No
	No

	Other assumptions
	PSCCH is not modelled only taken as an overhead
	PSCCH is not modelled only taken as an overhead

	Downlink parameters

	Relay UE MIMO mode and antenna configuration 
	1 TX, 2 RX, Closed Loop Spatial Miltiplexing
	

	Other assumptions
	
	

	Uplink parameters

	UL power control parameters for Remote UE
	Alpha 1, P0 = -100 
	

	UL power control parameters for Relay UE
	Alpha 1, P0 = -100 
	

	Other assumptions
	
	


Table 6.3‑8. Evaluation assumption for enhanced sidelink communication performance for Scenario 2.

	 
	Source 1
	Source 3

	Sidelink parameters

	PSCCH resource pool configuration
	4 subframes, 50 PRB, PSCCH period 40 ms
	8 subframes, PSCCH period 40ms

	PSCCH number of TTIs
	2
	2

	PSCCH number of RBs
	1
	1

	PSSCH resource pool configuration
	36 subrames, 50 PRB
	32 subrames, 40 PRB

	PSCCH time-frequency pattern / hopping
	Rel.12
	Rel.12

	PSSCH number of TTIs
	1-4
	2

	PSSCH number of RBs
	6
	2

	PSSCH time-frequency pattern
	Enabled
	Enabled

	PSSCH MCS
	Adaptive
	6

	Sidelink power control
	Alpha 1, P0 = -96, UE-UE pathloss compensation
	Alpha_dl, P0_dl = -90, eNB-UE pathloss compensation;
Alpha_sl, P0_sl = -95, UE-UE pathloss compensation; Pmax = 23dBm.

	Resource allocation mode and details
	Relay UE-controlled orthogonal resource assignment
	Rel.12 Mode-2

	Decoding status feedback assumption
	RLC AM status reporting
	No

	Other assumptions
	PSCCH is not modelled only taken as an overhead
	PSCCH is not modelled only taken as an overhead

	Downlink parameters

	Relay UE MIMO mode and antenna configuration 
	1 TX, 2 RX, Closed Loop Spatial Multiplexing
	

	Other assumptions
	
	

	Uplink parameters

	UL power control parameters for Remote UE
	Alpha 1, P0 = -100 
	

	UL power control parameters for Relay UE
	Alpha 1, P0 = -100 
	

	Other assumptions
	
	


4.3.2.1.1 DL Direction, N = 20

The energy savings for Scenario 2 for DL and N = 20 are presented in Figure 6.3‑5. The average energy efficiency and UE packet throughput are shown in Table 6.3‑9.
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Figure 6.3‑5. DL energy efficiency CDF for Scenario 2, N = 20.

Table 6.3‑9. UE average throughput and average energy efficiency for Scenario 2, N = 20, DL.

	
	Baseline
	Enhanced

	
	Source 1
	Source 3
	Source 1
	Source 3

	UE average throughput, Mbps
	1.97
	0.0037468
	2.18 (10.6%)
	0.0037459 (-0.02%)

	Average energy efficiency per bit for Remote UEs
	0.00045
	0.001995
	0.00026 (73%)
	0.0020641 (-3.3%)


4.3.2.1.2 UL Direction, N = 20

The energy savings for Scenario 2 for UL and N = 20 are presented in Figure 6.3‑6. The average energy efficiency and UE packet throughput are shown in Table 6.3‑10.
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Figure 6.3‑6. UL energy efficiency CDF for Scenario 2, N = 20.
Table 6.3‑10. UE average throughput and average energy efficiency for Scenario 2, N = 20, UL.

	
	Baseline
	Enhanced

	
	Source 1
	Source 3
	Source 1
	Source 3

	UE average throughput, Mbps
	0.81
	0.0034845
	1.59 (96.3%)
	0.0035437 (1.7%)

	Average energy efficiency per bit for Remote UEs
	0.01655
	0.0062653
	0.00094 (1660%)
	0.005443 (15.1%)


4.3.2.1.3 DL Direction, N = 40

The energy savings for Scenario 2 for DL and N = 40 are presented in Figure 6.3‑5. The average energy efficiency and UE packet throughput are shown in Table 6.3‑11.
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Figure 6.3‑7. DL energy efficiency CDF for Scenario 2, N = 40.
Table 6.3‑11. UE average throughput and average energy efficiency for Scenario 2, N = 40, DL.

	
	Baseline
	Enhanced

	
	Source 1
	Source 3
	Source 1
	Source 3

	UE average throughput, Mbps
	1.87
	0.0047805
	2.18 (16.6%)
	0.004702 (-1.64%)

	Average energy efficiency per bit for Remote UEs
	0.0005
	0.00096
	0.00024 (108.3%)
	0.0009 (6.67%)


4.3.2.1.4 UL Direction, N = 40

The energy savings for Scenario 2 for UL and N = 40 are presented in Figure 6.3‑8. The average energy efficiency and UE packet throughput are shown in Table 6.3‑12.
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Figure 6.3‑8. UL energy efficiency CDF for Scenario 2, N = 40.
Table 6.3‑12. UE average throughput and average energy efficiency for Scenario 2, N = 40, UL.

	
	Baseline
	Enhanced

	
	Source 1
	Source 3
	Source 1
	Source 3

	UE average throughput, Mbps
	0.6
	0.0046038
	1.5 (150%)
	0.0046636 (1.3%)

	Average energy efficiency per bit for Remote UEs
	0.0155
	0.00164
	0.00053 (2824%)
	0.00149 (10.1%)


4.3.3 Analysis of 1 PRB Bandwidth Limited UEs

In case of 1 PRB bandwidth limited UEs, the evaluation results are provided for wearable Scenario 1. The evaluation assumptions are captured in Table 6.3‑13.
Table 6.3‑13. Evaluation assumption for baseline and enhanced sidelink communication performance for Scenario 1 for 1 PRB bandwidth limited UEs.

	 
	Source 4 - baseline
	Source 4 - enhanced

	Sidelink parameters

	PSCCH resource pool configuration
	N/A
	4 subframes, 50 PRB, PSCCH period 40 ms

	PSCCH number of TTIs
	N/A
	2

	PSCCH number of RBs
	N/A
	1

	PSSCH resource pool configuration
	N/A
	36 subrames, 50 PRB

	PSCCH time-frequency pattern / hopping
	N/A
	Rel.12

	PSSCH number of TTIs
	N/A
	1-4

	PSSCH number of RBs
	N/A
	1

	PSSCH time-frequency pattern
	N/A
	Enabled

	PSSCH MCS
	N/A
	Adaptive

	Sidelink power control
	N/A
	Alpha 1, P0 = -96, UE-UE pathloss compensation

	Resource allocation mode and details
	N/A
	Relay UE-controlled orthogonal resource assignment

	Decoding status feedback assumption
	N/A
	RLC AM status reporting

	Other assumptions
	N/A
	PSCCH is not modelled only taken as an overhead

	Downlink parameters

	Relay UE MIMO mode and antenna configuration 
	1 TX, 2 RX, Closed Loop Spatial Multiplexing
	1 TX, 2 RX, Closed Loop Spatial Multiplexing

	Other assumptions
	"Direct communication, 1 PRB UE bandwidth limitation
	FTP Model 2, 10 kB packet size, 5 sec packet reading time

	Uplink parameters

	UL power control parameters for Remote UE
	Alpha 1, P0 = -100 
	Alpha 1, P0 = -100 

	UL power control parameters for Relay UE
	N/A
	Alpha 1, P0 = -100 

	Other assumptions
	Direct communication, 1 PRB UE bandwidth limitation
FTP Model 2, 10 kB packet size, 5 sec packet reading time
	FTP Model 2, 10 kB packet size, 5 sec packet reading time


The evaluation results with DL and UL energy efficiency for M = 2 and 8 are shown in Figure 6.3‑9. The corresponding average energy efficiency is shown in Table 6.3‑14.
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Figure 6.3‑9. DL and UL energy efficiency CDF for Scenario 1, M = 2 and 8, 1 PRB UEs.
Table 6.3‑14. DL and UL energy efficiency for M = 2 and 8 for Scenario 1 for 1 PRB bandwidth limited UEs.

	
	M = 2
	M = 8

	
	Source 4 - baseline
	Source 4 - enhanced
	Source 4 - baseline
	Source 4 - enhanced

	DL average energy efficiency per bit for Remote UEs
	0.0013
	0.00011 (1081%)
	0.00193
	0.0001 (1830%)

	UL average energy efficiency per bit for Remote UEs
	0.00186
	0.0001 (1520%)
	0.00227
	0.000119 (1807%)


4.3.4 Observations on Sidelink Communication Evaluations

Based on the results provided by four sources, the following observation are made:

· Energy efficiency gains are observed in all scenarios.

· The fraction of successful VoIP links and successful packets increases with applied enhancements by 1-75% depending on scenario, traffic direction, and source of the results.

· It is shown that substantial energy efficiency gains are achieved by application of enhanced power control in combination with adaptive MCS and number of retransmissions. In the same time, application of only enhanced power control without modelling UL as showed by Source 3, provides lower gains comparing to the combination with link adaptation.

· In Scenario 2 for FTP traffic model 2, the UE throughput gains are observed by some sources while almost no gain is observed by other sources. It is noted, that without gains in UE throughput the energy efficiency improvement is still observed.

· In case of 1 PRB bandwidth limited UEs, the same or higher order to energy efficiency gains is observed comparing to 6 PRB bandwidth limited UEs.
-------------------------------------------------------------- End of Text Proposal 2----------------------------------------------------------
5 Summary

This contribution provided draft text proposals for the 3GPP TR 36.746 aiming to capture evaluation results. We propose to discuss the presented drafts and send LS to RAN2 WG with a request to capture this text proposal in the 3GPP TR 36.746.

Proposal 1
· RAN1 WG to endorse text proposals for the 3GPP TR 36.746 provided in Section 2 of this contribution.
· RAN1 WG to send LS and ask RAN2 WG to implement text proposal in the 3GPP TR 36.746.
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