3GPP TSG-RAN WG4 Meeting #73
R4-147496
San Francisco, 17 – 21 Nov, 2014
Agenda Item:
7.11.2.1
Source: 
Ericsson
Title: 

Impact of D2D on In-band emissions requirements
Document for:
Approval 

1.
Introduction

At the RAN#63 plenary a new WI was agreed to study D2D co-existence.  One of the objectives of the WI specific to RAN4 is to “Define Tx and Rx RF requirements for the UE” [1]. This contribution discusses the impact of D2D in-band emissions on RF requirements. The issues related to D2D inband emissions scenarios were previously discussed in [2], [3] and preliminary simulation results have been provided in [5]. Furthermore in [7] initial simulation results for inband interference and blocking performance were provided. This contribution re-iterates and further discusses the impact of D2D in-band emissions on legacy LTE UE blocking performance as well as basestation blocking performance.
2.
D2D Deployment Scenarios and Use Cases
As detailed in [2], there are 3 possible coverage scenarios for D2D communication as detailed below and illustrated in Figure 1.

-
In-network coverage. In this scenario all UEs communicating are under LTE coverage.

-
Out-of-network coverage. In this scenario no UEs communicating are under LTE coverage.

-
Partial coverage. In this scenario at least one UE communicating is under LTE coverage, and at least one UE communicating is not under LTE coverage. This corresponds to the UE-to-network relay priority defined in [2].
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Figure 1 – The defined coverage scenarios. From left to right: Partial (UE relay) coverage, In-network coverage, and Out-of-network coverage.

Furthermore, as discussed in [2] and [3] potential intra-frequency D2D interference can occur as co-channel interference - i.e. collisions between transmitted RBs within the system bandwidth, as well as interference from inband emissions from the transmitting RBs within the system bandwidth into RBs adjacent to those RBs being employed for the desired transmission. It was also shown that both inter-device and intra-device interference across a number of channels including PUCCH and PUSCH channels could occur. 
3.
D2D Inband Interference Scenarios
3.1 Inter-Device Interference

Figure 2 below illustrates inter-device scenarios that arise during D2D transmissions. In this example, two devices, A and B communicate via D2D communication in given subframes 2, 3 and 4 on the uplink (UL). In these subframes, the device B receives information from device A in a first set of RBs. Also during these subframes the Device C transmits to an eNodeB, in UL resources in the same system bandwidth as B is receiving D2D communication from A but in a second set of RBs. In this example, the second set of resources is a PUCCH transmission in subframe 2 and a PUSCH transmission in subframe 3.  
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Figure 2: Inter-Device interference scenarios: For Device B, D2D reception of data from Device A is interfered with by (1) PUCCH and (2) PUSCH transmissions from Device C communicating with an eNodeB. Due to in-band emissions, Device C will create a “high interference” area  where B is unable to decode data from B.   

Due to in-band emissions Device C will create a “high interference” area where B is possibly unable to decode data from A.   

This “high interference” area will be a function of:

· Device C transmit output power

· The path loss from device C to device B

· Device C RB allocation

· The receive power level of device B and the D2D RB allocation

· Device C inband emission levels at the frequency of the D2D RB allocation.

This inter-device interference scenario can clearly occur in both partial and full coverage scenarios
Since PUCCH transmissions in general are pre-assigned with a fixed periodicity, the PUCCH transmissions could potentially impact both the discovery and the communications phases of D2D. However with regard to PUSCH transmissions, the PUSCH transmissions of device C could be scheduled to avoid the discovery phase of the D2D transmissions, but likely not the D2D transmissions during the communications phase. 
4.0
Simulation Assumptions and Results

The impact of D2D inband emissions on the blocking requirements for legacy LTE UE’s has been simulated for the scenarios and use cases agreed upon in [4], as well as the corresponding simulation assumptions. For reference, Tables 1 and 2 below are reproduced from [4] providing details of the scenarios.

Table 1: D2D coexistence scenarios

	D2D use case
	Deployment scenario

	In-network discovery
	(Mandatory) General scenario

(Optional) Public safety scenario

	Out-of-network broadcast communications
	(Mandatory) Public safety scenario




Table 2: Details on deployment scenarios

	Scenario
	Layout (in order of priority)
	Notes

	General scenario
	(Mandatory) Option 1: Urban macro (500m ISD) + 1 RRH/Indoor Hotzone per cell

(Optional) Option 3: Urban macro (500m ISD) (all UEs outdoor) 
	1

	Public safety scenario
	(Mandatory) Option 5: Urban macro (1732m ISD), uniform (outdoor) drop 

(Optional) Option 5: Urban macro (1732m ISD) , indoor/outdoor drop
	1


Initial simulation results of the inband blocking performance were provided in [7] and are reproduced for reference in Figures 3 to 12 below. The figures illustrate the cumulative distribution function cdf’s of the inband blocking from D2D transmissions to legacy LTE UEs. Results are shown for public safety use cases with 3, 6, and 12 D2D users for option 5 users outdoors as well as option 5 users indoors and outdoors. Blocking probability cdf’s are also provided for discovery use cases for both general communications scenarios as well as public safety scenarios. Based on the results in these figures, Table 3 summarizes the blocking level at a 99.98 probability.
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Figure 3: Blocking performance for Public Safety scenario option 5 outdoors with 3 simultaneous D2D users
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Figure 4: Blocking performance for Public Safety scenario option 5 outdoors with 6 simultaneous D2D users
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Figure 5: Blocking performance for Public Safety scenario option 5 outdoors with 12 simultaneous D2D users
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Figure 6: Blocking performance for Public Safety scenario option 5 indoors/outdoors with 3 simultaneous D2D users
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Figure 7: Blocking performance for Public Safety scenario option 5 indoors/outdoors with 6 simultaneous D2D users
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Figure 8: Blocking performance for Public Safety scenario option 5 indoors/outdoors with 12 simultaneous D2D users
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Figure 9: Blocking performance for commercial discovery scenario option 3 with 150 D2D users

[image: image17.emf]-110 -100 -90 -80 -70 -60 -50 -40

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Received Interference power [dBm]

cdf

 [image: image18.emf]-46.98 -46.96 -46.94 -46.92 -46.9 -46.88 -46.86

0.9982

0.9984

0.9986

0.9988

0.999

0.9992

0.9994

0.9996

0.9998

1

Received Interference power [dBm]

cdf


Figure 10: Blocking performance for commercial discovery scenario option 1 with 150 D2D users
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Figure 11: Blocking performance for PS discovery scenario option 5 with 32 D2D outdoor users
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Figure 12: Blocking performance for PS discovery scenario option 5 with 150 D2D users

Table 3: D2D Blocking Impact from Inband emissions

	Scenario
	Use Case
	Number of D2D UEs
	99.98 % blocking level [dBm]

	General option 1
	discovery
	150
	-46.9

	General option 3
	discovery
	150
	-46.7

	Public Safety Option 5 outdoor
	discovery
	32
	-46.9

	Public Safety Option 5 outdoor
	discovery
	150
	-46.8

	Public Safety Option 5 outdoor
	communications
	3
	-38.9

	Public Safety Option 5 outdoor
	communications
	6
	-37.8

	Public Safety Option 5 outdoor
	communications
	12
	-36.8

	Public Safety Option 5 indoor/outdoor
	communications
	3
	-39.6

	Public Safety Option 5 indoor/outdoor
	communications
	6
	-39.1

	Public Safety Option 5 indoor/outdoor
	communications
	12
	-38.9


From the summary in Table 3 it can be seen that blocking levels of -37 to -38 dBm are possible for public safety broadcast scenarios. This level of interference potentially will be seen on the uplink at the serving eNB. From TS36.104, for wide area basestations, the maximum blocking level is currently specified at -43 dBm. From Table 3 it can be seen that for PS communications, this blocking level requirement may be exceeded by up to 6 dB.
Observation #1

· For public safety broadcast scenarios, blocking levels up to -37 dBm can be present with a 99.98% probability.
Observation #2
· For public safety broadcast scenarios, blocking levels can exceed the wide area basestation requirement by up to 6 dB.
Proposal #1
· RAN4 investigate further the impact of inband emissions on basestation blocking.
3
Conclusions
The following observations should be taken into consideration when studying the impact of D2D inband emissions on UE RF requirements.
Observation #1

· For public safety broadcast scenarios, blocking levels up to -37 dBm can be present with a 99.98% probability.
Observation #2
· For public safety broadcast scenarios, blocking levels can exceed the wide area basestation requirement by up to 6 dB.
Proposal #1
· RAN4 investigate further the impact of inband emissions on basestation blocking.
4
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