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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]. At previous RAN4 meetings including RAN4#73, discussion and specification of the impact of D2D functionality on UE RF transmit requirements has progressed. The latest agreements in this regard are captured in [2]. Background details with respect to these agreements are provided in [3], [4], [5], and [6]. This contribution re-iterates and further discusses the outstanding issues with respect to the D2D functionality on the UE RF transmit requirements. 

2.
D2D Deployment Scenarios and Use Cases
As detailed in [7], 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 (OOC). 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 [11].
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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] 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 D2D 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. 
Preliminary analysis has been carried out on the impact of D2D inband emissions by RAN1 and the results discussed in [9] show that D2D inband emissions can degrade the SINR of legacy PUCCH transmissions by up to 10 dB. In principal for in-coverage D2D operation this could be addressed through scheduling and power control by the D2D serving network.
For out-of-coverage scenarios, D2D transmissions can potentially cause interference to other co-located LTE operators or other technologies. The level of interference can be exacerbated by the fact that the D2D UE is not subject to any power control by the network being interfered with and furthermore it has no control over the number of D2D UE’s that enter its coverage area. This issue is covered in more detail in [12].
Observation #1
· Lack of power control of OOC D2D transmissions and lack of control by the impacted networks of the number of OOC D2D UE’s that can transmit can degrade the performance of the impacted networks.
3
Impacted UE Transmit Requirements

Based on the agreements in [2], this section identifies the outstanding D2D transmit RF requirements that may be impacted by the implementation of D2D capabilities in LTE based on the existing UE RF requirements defined in section 6 of TS36.101[8]. Table 1 summarizes the outstanding transmit UE RF  requirement impacts due to D2D functionality. 
Table 1: UE RF Transmit Requirements potentially impacted by D2D
	Requirement
	D2D Impact
	Reference in TS36.101

	Transmit Power
	Maximum output power may be impacted by additional switches in the transceiver to accommodate dual D2D and cellular receive capabilities.
	6.2

	MPR and A-MPR
	May need to be revised to address inband emissions and adjacent band co-existence impacts. Adjustments in the range of [5-10] dB may be required [9]. In addition D2D specific MPR or A-MPR may be required to mitigate interference caused by OOC D2D transmissions.
	6.2

	Output Power Dynamics
	Agreed to maintain legacy UE requirements for D2D UE’s [3]
	6.3

	ON/OFF Time mask
	No impact expected
	6.3.4

	Power Control
	No expected change expected in the accuracy of the power control requirements
	6.3.5

	Transmit signal quality including EVM
	The D2D UE requirements for transmit EVM duration and equalizer spectral flatness have been agreed to [4]. 
	6.5.2.1 and 6.5.2.4

	Spectral emission mask and Additional spectrum emission mask
	Requirements on occupied bandwidth have been agreed to [5]. D2D requirements on the spectrum emission mask and additional spectrum emission mask are outstanding. (6.6.2 and 6.6.3).
	6.6.1

	ACLR
	Degradations of up to 10% are seen in preliminary analysis for public safety communications [13]. This may be accepted for PS scenarios, however for commercial communications this will need to be revisited.
	6.6.2.3

	Transmit intermodulation
	For single carrier D2D, it is agreed that no change to the transmit intermodulation is required [6].
Transmit intermodulation will be impacted for 2 transmitter D2D UE implementations. The impact will be dependent on the band combinations and will need to be analyzed as part of the  multi-carrier case analysis.
	6.7

	Timing alignment error
	No impact expected
	6.8


Observation #2
· For Release 12 D2D functionality, the following D2D UE transmit requirements need to be finalized:  MPR, A-MPR, some transmit signal quality, spectral emission mask, and ACLR.
For single carrier D2D discovery and communications operating within network coverage, interference to legacy transmissions from D2D transmissions may be mitigated through a variety of measures including power control and orthogonal scheduling. In this context the D2D requirements for inband emissions, spurious emissions and blocking could be maintained as being the same as for existing legacy UEs. However to protect legacy WAN PUCCH transmissions a D2D specific MPR or A-MPR may be required. It should be noted that D2D MPR and A-MPR can be defined independently of WAN MPR and A-MPR requirements due to the differing impacts for inband emissions. Furthermore OOC D2D transmissions can impact adjacent band networks.
RAN4 has carried out co-existence analysis as summarized in section 5.5.3 of [9]. From this analysis it can be concluded that for VoIP applications of 3 simultaneous D2D users, that the impact to adjacent channel carriers in terms of throughput degradation is less than 5%, however for 6 simultaneous D2D transmissions, the degradation can exceed 5% is some scenarios for the 5%-tile cell edge users. Based on this analysis and the agreement that for Release 12, that the maximum number of simultaneous D2D transmissions is agreed to be 6, it is proposed that for OOC scenarios, that D2D transmissions initially employ a 3 dB D2D MPR (i.e. a reduction in initial maximum transmit power of 3 dB), which is equivalent to reduction of the maximum number of D2D transmissions from 6 to 3.

It should be noted that for full buffer traffic that the impairment to legacy adjacent band networks can be much more severe and the level of potential reduction in D2D maximum power for full buffer applications should be studied further to determine an appropriate D2D MPR for full buffer traffic.

Proposal #1
· A D2D UE that is transmitting in OOC and  cannot acquire information on its specific geographic location to preconfigure its transmit power, shall employ a separate D2D MPR value of [3] dB. Note that this D2D MPR value is separate from the legacy type MPR and A_MPR values which are employed by D2D UE’s.
Proposal #2

· The D2D MPR to be applied to ProSe UE’s transmitting full buffer traffic in an OOC scenario for which the D2D UE does not have knowledge of its’ specific geographic location is FFS.
3
Conclusions
The following observations should be taken into consideration when studying the impact of D2D functionality on UE transmit  RF requirements:
Observation #1
· Lack of power control of OOC D2D transmissions and lack of control by the impacted networks of the number of OOC D2D UE’s that can transmit can degrade the performance of the impacted networks.
Observation #2
· For Release 12 D2D functionality, the following D2D UE transmit requirements need to be finalized:  MPR, A-MPR, some transmit signal quality, spectral emission mask, and ACLR.
Proposal #1

· A D2D UE that is transmitting in OOC and  cannot acquire information on its specific geographic location to preconfigure its transmit power, shall employ a separate D2D MPR value of [3] dB. Note that this D2D MPR value is separate from the legacy type MPR and A_MPR values which are employed by D2D UE’s.
Proposal #2

· The D2D MPR to be applied to ProSe UE’s transmitting full buffer traffic in an OOC scenario for which the D2D UE does not have knowledge of its’ specific geographic location is FFS.
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6.2.4
UE maximum output power with additional requirements 
Additional ACLR and spectrum emission requirements can be signalled by the network to indicate that the UE shall also meet additional requirements in a specific deployment scenario. To meet these additional requirements, additional Maximum Power Reduction (A-MPR) is allowed for the output power. 
Since A-MPR values for D2D transmissions may be different than A-MPR values for WAN transmissions, it is proposed that D2D specific MPR and A-MPR values be defined to mitigate  against potential interference to legacy PUCCH transmissions as well as OOC D2D transmissions potentially interfering with adjacent band networks.  
A D2D UE that is transmitting in OOC and  cannot acquire information on its specific geographic location to preconfigure its transmit power, shall employ a separate D2D MPR value of [3] dB. Note that this D2D MPR value is separate from the legacy type MPR and A_MPR values which are employed by D2D UE’s.

The D2D MPR to be applied to ProSe UE’s transmitting full buffer traffic in an OOC scenario for which the D2D UE does not have knowledge of its’ specific geographic location is FFS.
6.2.5
Configured transmitted power

The UE is allowed to set its configured maximum output power PCMAX,c for serving cell c. The configured maximum output power PCMAX,c is set within the following bounds:

PCMAX_L,c ≤  PCMAX,c  ≤  PCMAX_H,c with


PCMAX_L,c = MIN {PEMAX,c – TC,c,  PPowerClass – MAX(MPRc + A-MPRc + ΔTIB,c + TC,c, P-MPRc,) }


PCMAX_H,c = MIN {PEMAX,c,  PPowerClass  - D-MPR }

where

-
PEMAX,c is the value given by IE P-Max for serving cell c, defined in [7];

-
PPowerClass is the maximum UE power specified in Table 6.2.2-1 without taking into account the tolerance specified in the Table 6.2.2-1;

-
MPRc and A-MPRc for serving cell c are specified in subclause 6.2.3 and subclause 6.2.4, respectively;

-
TIB,c is the additional tolerance for serving cell c as specified in Table 6.2.5-2; TIB,c = 0 dB otherwise;

-
TC,c = 1.5 dB when Note 2 in Table 6.2.2-1 applies;

-
TC,c = 0 dB when Note 2 in Table 6.2.2-1 does not apply.

P-MPRc is the allowed maximum output power reduction for

a)
ensuring compliance with applicable electromagnetic energy absorption requirements and addressing unwanted emissions / self desense requirements in case of simultaneous transmissions on multiple RAT(s) for scenarios not in scope of 3GPP RAN specifications;

b)
ensuring compliance with applicable electromagnetic energy absorption requirements in case of proximity detection is used to address such requirements that require a lower maximum output power.

The UE shall apply P-MPR c for serving cell c only for the above cases. For UE conducted conformance testing P-MPR shall be 0 dB
D-MPR is the required power reduction for out-of-coverage D2D transmissions based on known geographical regions. If the UE does not have knowledge of its geographical region, a default value of [3] dB shall be adopted for D-MPR.
NOTE 1:
P-MPRc was introduced in the PCMAX,c equation such that the UE can report to the eNB the available maximum output transmit power. This information can be used by the eNB for scheduling decisions.
NOTE 2: P-MPRc may impact the maximum uplink performance for the selected UL transmission path.

For each subframe, the PCMAX_L,c for serving cell c is evaluated per slot and given by the minimum value taken over the transmission(s) within the slot; the minimum PCMAX_ L,c over the two slots is then applied for the entire subframe. PPowerClass shall not be exceeded by the UE during any period of time.

The measured configured maximum output power PUMAX,c shall be within the following bounds:


PCMAX_L,c  –  MAX{TL, T(PCMAX_L,c)}  ≤  PUMAX,c  ≤  PCMAX_H,c  +  T(PCMAX_H,c) 

where T(PCMAX,c) is defined by the tolerance table below and applies to PCMAX_L,c and PCMAX_H,c separately, while TL is the absolute value of the lower tolerance in Table 6.2.2-1 for the applicable operating band.

Table 6.2.5-1: PCMAX tolerance 

	PCMAX,c
(dBm)
	Tolerance T(PCMAX,c)
(dB)

	23 < PCMAX,c ≤ 33
	2.0

	21 ≤ PCMAX,c ≤ 23
	2.0

	20 ≤ PCMAX,c < 21
	2.5

	19 ≤ PCMAX,c < 20
	3.5

	18 ≤ PCMAX,c < 19
	4.0

	13 ≤ PCMAX,c < 18
	5.0

	8 ≤ PCMAX,c < 13
	6.0

	-40 ≤ PCMAX,c < 8
	7.0
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