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1. [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Introduction
	In the previous RAN4 meeting, UE coexistence analysis are studied and sent LS to RAN WG1 for the D2D co-existence results according to discovery signals and communication signal [1]. But the coexistence study was for interference analysis between inter-device UEs, the D2D-WAN capability has not consensus for simultaneous transmission and reception in intra-device UE according to the example UE architecture. And also RAN WG1 sent to LS [5] for the multi-carrier D2D-WAN operation capability. Therefore, RAN4 need to consensus for the D2D-WAN UE operation capability. 
In this contribution, we show our view for the D2D-WAN UE operation capability for simultaneous transmission and reception in intra-device based on example UE RF architectures.
2. D2D UE candidate RF architecture
 In UE-to-UE coexistence based on TR36.942, RAN WG4 only consider D2D UE’s impact to the legacy LTE system and LTE UE in inter-frequency into inter-device. However RAN WG4 did not consider that the legacy WAN UE/NW impacts by D2D UE transmitting/receiving signal. So we should verify D2D-WAN UE capability in scenarios 3 and 4 in inter-device. And also all scenarios should be considered for determining D2D-WAN UE capability in intra-device.
Table 1: Coexistence Scenarios in inter-device
	Scenario
	Aggressor
	Victim
	LTE Duplex
	Comments

	1
	D2D Tx 
	LTE UE Rx
	TDD and FDD
	Normal operation, may be some impact in narrow band Tx/Rx separation

	2
	D2D Tx
	LTE UE Tx
	TDD and FDD
	LS out for co-existence study [1]

	3
	LTE UE Rx
	D2D Rx
	TDD and FDD
	Reply LS sent to RAN1[2] 
(No critical impact to D2D Rx)

	4
	LTE UE Tx
	D2D Rx 
	TDD and FDD
	No verified in TR36.942, Critical impact to D2D Rx in intra-frequency, but may possible in inter-frequency with appropriate Gap btw. D2D Rx and WAN Tx



 For the D2D-WAN UE capability in intra-device, we consider two example D2D UE RF architectures as shown in Figure1.
In the figure, we show D2D UE RF example architectures based on the D2D-WAN operating frequency. Figure 1-(a) depicted two candidate UE RF architectures to support D2D-WAN operating in same frequency and Figure 1-(b) shows example UE RF architecture for D2D-WAN operation in inter-band frequency.


(a) D2D-WAN operation in Intra-frequency


[image: ]
(b) D2D-WAN operation in Inter-frequency
Figure 1: UE RF example architectures for D2D UE
For the D2D-WAN UE operation capability can be dependant with the coexistence scenarios on intra-device in same operating band. The intra-frequency D2D-WAN operation can be worst scenarios due to small band gap. Therefore we can analyse as shown in Table2. 
Table 2: D2D-WAN operation capability in coexistence Scenarios
	Scenario
	Aggressor
	Victim
	LTE Duplex
	Comments

	1
	D2D Tx 
	LTE UE Rx
	TDD and FDD
	Normal operation, may be some impact in narrow band Tx/Rx separation

	2
	D2D Tx
	LTE UE Tx
	TDD and FDD
	Possible to simultaneous D2D Tx and LTE Tx, the operation is similar to intra-NC CA transmission, Need to consider power imbalance. The D2D signal can be under the interference by high Tx WAN power. Need to guard gap or A-MPR to protect D2D signal

	3
	LTE UE Rx
	D2D Rx
	TDD and FDD
	No critical impact to D2D Rx from LTE NW Tx. Need SC-FDMA decoding chain in uplink spectrum.

	4
	LTE UE Tx
	D2D Rx 
	TDD and FDD
	Impossible to simultaneous D2D Rx and LTE Tx, D2D REFSENS is quite impacted by LTE Tx. But may possible in inter-frequency with appropriate Gap btw. D2D Rx and WAN Tx



Figure2 shows the coexistence scenario 1 of the simultaneous D2D Tx-WAN Rx in same operating band. We can see the D2D Tx-WAN Rx separation is less than legacy Tx-Rx separation in LTE system. For example, cellular LTE UE operated in operator B, But D2D receiver UE is belong to operator A. Then D2D transmission UE can be operated in operator A band. Then the D2D TX – WAN RX separation can be reduced compare to legacy Tx-Rx separation in LTE system.
 In this case the WAN REFSENS could not maintain the current requirements in Band X since D2D signals can be leaked into WAN Rx band. However, if Tx-Rx separation is larger than 100MHz, the filter can be degraded the D2D interference levels in the WAN Rx band, then WAN REFSENS can be maintained. Therefore, the UE capability of simultaneous D2D Tx-WAN Rx is depend on each operating bands.


Figure 2: Simultaneous D2D Tx-WAN Rx in intra-frequency

Figure3 depicted the coexistence scenario 2 of the simultaneous D2D Tx-WAN Tx in intra-frequency. We can see the D2D Tx-WAN Tx is similar to intra-band non contiguous CA transmission. But we should consider the power imbalance between D2D signals and WAN signals. The D2D signal can be under the interference levels by high Tx WAN power. Therefore RAN WG4 needs to define guard gap or A-MPR to protect D2D signal as shown in Figure3.


Figure 3: Simultaneous D2D Tx-WAN Tx in intra-frequency
 
Figure4 displayed the coexistence scenario 3 of the simultaneous D2D Rx-WAN Rx in intra-frequency. The D2D REFSENS can be maintained due to large separation gap between WAN Rx band and D2D Rx band. The scenario 3 is can be supported in the architecture of Figure 1-(a).
The left UE architecture of Figure 1-(a) has additional D2D RF chain in UE, so it is quite complicated and can be increased UE cost. But the UE can support simultaneous D2D Rx and WAN Rx capability. On the other hand, the right UE architecture of Figure 1-(a) has only added switch and filter in UE architecture, so it is simple to implement and can be expected low cost, but the UE do not support simultaneous D2D Rx and WAN Rx capability.


Figure 4: Simultaneous D2D Rx-WAN Rx in intra-frequency

Figure 5 shows the scenario 4 of the simultaneous D2D Rx-WAN Tx in intra-frequency. We can see that D2D Rx signal is significant impacts from the WAN Tx because the Tx and Rx separation is less than 20MHz CBW, the WAN Tx leakages can be affected in D2D Rx band. If guard gap and additional power reduction for D2D protection defined, this operation can be possible. However we need to pros and cons between keep the coverage and reduce the coverage due to D2D operation.


Figure 5: Simultaneous D2D Rx-WAN Tx in intra-frequency
From the D2D-WAN capability analysis in intra-device based on coexistence scenarios, we can propose as follow

Observation 1: UE capability of simultaneous D2D Tx-WAN Rx is possible in both UE architecture, but depending on each operating bands.
Observation 2: UE capability of Simultaneous D2D Tx-WAN Tx is possible in both UE architecture, but need to investigate for the in-band emission due to power imbalance in single component carrier UE.
Observation 3: UE capability of Simultaneous D2D Rx-WAN Rx is possible in multi component carrier UE, or in single carrier UE which has additional D2D Rx RF chain, but D2D UE only has single Rx RF chain, it is not possible.
Observation 4: UE capability of Simultaneous D2D Rx-WAN Tx is impossible in single component carrier UE in same operating band. But it can be possible operation in multi component carrier UE when CC1 and CC2 have different frequency, it is depend on each operating bands.

3. Conclusion
In this contribution we analyzed D2D-WAN UE capability in intra-device according to the candidate UE RF architectures. The followings are observations in this paper.
Observation 1: UE capability of simultaneous D2D Tx-WAN Rx is possible in both UE architecture, but depending on each operating bands.
Observation 2: UE capability of Simultaneous D2D Tx-WAN Tx is possible in both UE architecture, but need to investigate for the in-band emission due to power imbalance in single component carrier UE.
Observation 3: UE capability of Simultaneous D2D Rx-WAN Rx is possible in multi component carrier UE, or in single carrier UE which has additional D2D Rx RF chain, but D2D UE only has single Rx RF chain, it is not possible.
Observation 4: UE capability of Simultaneous D2D Rx-WAN Tx is impossible in single component carrier UE in same operating band. But it can be possible operation in multi component carrier UE when CC1 and CC2 have different frequency, it is depend on each operating bands.
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