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1. Introduction

In our companion contribution R4-154343 we presented a brief discussion on the impact of Rel-13 eD2D work on UE RF requirements. In this contribution, we present further details on the impact and our proposals on the UE RF core requirements for eD2D.

The paper is organized in as follows:

· Section 2 proposes the scope of work
· Section 3 proposes the organization of work for multicarrier D2D

· Section 4 proposes the example band combination that can be adopted for Rel-13 eD2D specification work

· Section 5 discusses our initial proposals for the UE RF requirements for the scope of work identified in this paper. 
2. Scope of work
Mutlicarrier D2D: As discussed in R4-154343, the impact of eD2D on UE RF core requirements is due to support of D2D concurrent with WAN CA (a.k.a., ‘multicarrier D2D’). 
· D2D is at most of one component carrier (PCC or SCC or non-serving carrier)

· UE can be configured with PCC and/or SCC(s)

The support of multicarrier D2D is indicated by the UE using capability signaling.
· For D2D communication, this already exists in Rel-12 where the D2D support is indicated per band-combination (WAN CA). In Rel-12, however, R4 deprioritized the specification work for multicarrier D2D due to time limitation. In Rel-13, we propose to extend the UE RF core requirements for multicarrier D2D.
· For D2D discovery, Rel-12 signaling of D2D supported bands is not specific to a band-combination. In Rel-13, it is expected that the UE capability signaling for D2D discovery will be extended to be similar to D2D communication (i.e., D2D band indication that is specific to WAN band-combination).
For D2D discovery signaling, another consideration related to the possibility of UE requesting Tx/Rx gaps for WAN. In Rel-13, RAN2 agreed that N/W allowed Tx/Rx gaps for WAN are allowed to support D2D concurrent with WAN CA, where the UE is allowed to drop the (allowed) WAN operations corresponding to the gaps. It is expected that the request for gaps are indicated by the UE (e.g., in capability signaling) which can then be granted by the eNodeB. Example, UE can indicate that it supports CA_A (UL+DL) + B (DL) with D2D on C if Tx gap on UL of A are allowed.
In R4, the specification is thus for the actual concurrency between D2D + WAN after accounting for the Tx/Rx gaps requested by the UE.

Observation 1: Support of D2D + WAN CA is indicated in UE capability signaling (existing signaling for Rel-12 D2D Communications, and is expected to be extended for Rel-13 D2D Discovery).

Observation 2: For D2D Discovery, the UE also indicates the need for Tx/Rx gaps on WAN for concurrent D2D.
Observation 3: If the requested Tx/Rx gaps are not granted by the eNodeB, then UE expected not to perform D2D operation concurrent with the configured Wan CA carriers.
Adjacent channel co-existence: As discussed in R4-154343, the Rel-12 coexistence study already studied the worst-case scenarios are applicable to the Rel-13 enhancements (OOC discovery / inter-frequency discovery / UE-NW relays). For example, for Discovery, we assumed 150 (INC) and 32 (OOC) UEs per sector transmitting at maximum power. The UE density / deployment scenarios / UE operations remain unchanged for Rel-13 enhancements and the adjacent channel coexistence study done in Rel-12 is directly applicable.
Observation 4: Adjacent channel coexistence study done in Rel-12 assumed the worst-case scenarios and are applicable to Rel-13 enhancements (inter-frequency discovery / UE-NW relays).

Based on the above observations, the following proposals are made for the scope of eD2D RF work.
Proposal 1: RAN4 to consider UE RF requirements for eD2D to support concurrent D2D with WAN CA (a.k.a. ‘multi-carrier D2D’)
· D2D is at most of one component carrier (PCC or SCC or non-serving carrier)

· UE can be configured with PCC and/or SCC(s)
Proposal 2: The concurrency between D2D and WAN CA to be specified in RAN4 is after accounting for Tx/Rx gaps requested in capability signaling, i.e., D2D + WAN CA for which gaps are not requested.

Proposal 3: Further study for adjacent channel coexistence are not required for Rel-13 eD2D enhancements.
3. Organization of work for multicarrier D2D

For multicarrier D2D, we propose the following principles to organize the work in RAN4.
Principle 1: In Rel-13 eD2D WI, complete the framework using one example band combination. Other band combinations can added in the future as separate spectrum WIs similar to CA methodology.

Principle 2: Leverage as much as possible from existing CA framework and requirements to define the eD2D requirements. This is strongly recommended from the perspectives of both RAN4 work load and specification complexity. 

Principle 3: With concurrent D2D + WAN, many operating scenarios are possible. We recommend to categorize the work in the following three cases to organize the work depicted in Table 1. 

Table 1: Suggested categorization for multicarrier D2D

	Case 1: N-DL CA for WAN + D2D on PCC

· D2D Tx: Same as legacy

· Similar to N+1 DL, but  without any active UL
	
[image: image1.emf]DL

UL

PCC 

DL

UL

SCC

DL

UL

PCC 

DL

UL

SCC

D2D Rx

D2D Tx



	Case 2: N-DL CA for WAN + D2D on SCC

· D2D Tx: Similar to 2UL CA
· D2D Rx: Similar to (N+1)DL CA
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	Case 3: N-DL CA for WAN + D2D on non-serving carrier

· D2D Tx: Similar to 2UL CA

· D2D Rx: Similar to (N+1)DL CA
	
[image: image3.emf]DL

UL

PCC / SCC

DL

UL

D2D carrier (non-serving)

D2D Tx

DL

UL

PCC / SCC

DL

UL

D2D carrier (non-serving)

D2D Rx




The practical relevance of Case 1 and Case 2 are evident – D2D along with WAN CA. The operator is then not forced to put all the D2D UEs on one carrier, or support D2D on all the component carriers that can be configured for a UE. 
The practical relevance of Case 3 is from Rel-12 PS operating scenario and inter-PLMN discovery for Rel-13. Taking the example of Rel-13 inter-PLMN discovery, the UE belonging to one PLMN can no do discovery on a carrier that belongs to another PLMN (of course, if supported and allowed by the two PLMNs).

In our view, studying the three cases will help organize the discussion in RAN4 and specifying the required framework for multicarrier D2D. Further discussion on the differences between the three cases is presented in Section 5 below.
Proposal 4: RAN4 to consider the following scenarios to study and specify the framework using one example band combination in Rel-13 eD2D WI:
· Case 1: N-DL CA for WAN + D2D on PCC

· Case 2: N-DL CA for WAN + D2D on SCC

· Case 2a: D2D Rx only

· Case 2b: D2D Tx + Rx

· Case 3: N-DL CA for WAN + D2D on non-serving component carrier

· Case 3a: D2D Rx only

· Case 3b: D2D Tx + Rx

Proposal 5: RAN4 should attempt to leverage the existing CA framework and requirements (as much as possible) for defining the requirements for eD2D. 
4. Example band combination for multicarrier D2D work

From Table 1, it can be seen that multicarrier D2D can leverage the existing CA requirements in many cases, as (at a high level) the operation is similar to (N+1)-DL CA (for D2D Rx) or 2UL CA (for D2D Tx).
For Rel-13 eD2D work, the proposal is thus to adopt a band combination such that

1. There is an existing 2 DL CA between those bands,

2. There is an existing 2 UL CA defined between those bands (and will imply 1 anyways), and 

3. D2D is supported on one of those bands

We seek operator preference that meet the above criterion. In absence of an operator preference, we propose to adopt CA_2_4 with D2D on B2 as the example band combination. In particular, the proposal is as follows.

Proposal 6: RAN4 to adopt an existing 2 DL interband CA combination (that also has a 2 UL CA band combination defined) with D2D supported on one of the bands to specify the requirements for eD2D.

Proposal 7: In absence of operator preference that meets the criterion in Proposal 6, RAN4 can adopt CA_2-4 DL interband CA with D2D on band 2 to specify the requirements for eD2D. The corresponding cases are then as follows:

· Case 1: CA_2-4 + D2D on B2 (PCC)

· Case 2: CA_2-4 + D2D on B2 (SCC)

· Case 3: WAN on B4 + D2D on B2 (non-serving carrier)

5. Initial views on UE RF requirements

In this section, we present our initial views on the UE RF requirements for the three cases discussed in Table 1. This section also serves as an additional justification to adopt the organization of work proposed in this paper by discussing the difference among the three cases in Table 1.

5.1. General considerations

Prior to presenting the discussion specific to the three cases identified in this paper, we present some general considerations that are applicable to all cases.

D2D performance with D2D-WAN concurrency: For multicarrier D2D, the purpose is to discuss the additional UE RF requirements (if any) to support concurrent D2D and WAN. With D2D-WAN concurrency, the UE is allowed to drop D2D in favor of WAN. In R1/R2 specification for both Rel-12 and Rel-13, the UE is allowed (and required) to prioritize WAN over D2D in case of any conflict. Examples of conflict include meeting WAN RRM requirements, soft-buffer sharing between D2D and WAN. 

D2D performance with concurrent D2D-WAN is left to UE implementation in the specifications. The only requirement for UE is that WAN performance is not degraded (above anything allowed by R1/R2/R4 specs, for example, interruptions). Hence the following observation is made with regard to eD2D RF requirements.

Observation 5: The UE cannot be tested for D2D conformance requirements with concurrent D2D + WAN. eD2D RF requirements with D2D-WAN concurrency can be only w.r.t. WAN performance. 

Delta_T for ProSe support on a band: In Rel-12 it was agreed to allow for delta_t = 0.1dB on a band that also support ProSe. This was to accommodate for the additional switches needed in the Tx path to support D2D on a band. The delta_t appears in the Pcmax equation in clause 6.2.5.
For multi-carrier D2D, the same agreement need to be applied for CA band and the Pcmax equation in clause 6.2.5A will be extended in the same manner.

Observation 6: Rel-12 agreement on delta_t = 0.1 for ProSe support on a band will need to be extended for CA as well for eD2D.

5.2. Case 1: N-DL CA + D2D on PCC
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Figure 1: Case 1 (N-DL CA + D2D on PCC)

As can be seen from Figure 1, D2D Tx on PCC is the same as legacy operation. The fact that the transmission is for D2D as opposed to WAN UL does not matter as the Rel-12 specification for D2D already reuse the PUSCH requirements for D2D transmissions.

For D2D reception, the unique thing with D2D on PCC is that there cannot be a concurrent UL (for the case of N-DL CA and UL only on PCC that we are considering). The question is then if any additional UE RF requirement are needed to verify this UE supports this? To answer this question, we compare the legacy operation (Tx on PCC UL, Rx on PCC/SCC DL) and D2D Rx operation (Rx on PCC UL+ Rx on PCC/SCC DL). Only the PRx path is shown for the sake of discussion.
As can be seen from the figure below, for legacy operation, the Tx leaks into the PCC DL at 28dBm – Duplexer isolation, resulting in Tx leakage of ~ -22..-27dBm depending on the duplexer isolation assumption (50-55dB). 
For D2D Rx case, even assuming the maximum input level of -22dBm (as in Rel-12 specs) for D2D signal at the antenna, the leakage of the D2D signal to the PCC DL is at -22 – FE loss – LNA-LNA isolation. Thus even with some small LNA-LNA isolation (e.g., 5dB) the leakage of D2D Rx signal into PCC DL is smaller than the legacy case.

Hence the legacy operation is a tougher requirement for the UE to meet as compared to D2D Rx on PCC for Case 1. Hence we make the following proposal for Case 1.

Proposal 8: (Case 1) No new requirements are needed to support D2D on PCC. The UE required to separately meet legacy N-DL CA requirements and D2D requirement on the PCC band.

Table 2: Comparing legacy operation (Tx on PCC+Rx on PCC/SCC) with D2D Rx operation (Rx on PCC UL + Rx on PCC/SCC DL) for Case 1
	Legacy operation
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	D2D Rx operation on PCC
	
[image: image6.emf]Primary 

Antenna

UL

DL

PA

LNA

LNA

Tx

PCC PRx

D2D PRx

UL

DL

SCC PRx

LNA

-22dBm

-22 –FE loss -LNA-LNA isolation




5.3. Case 2: N-DL CA + D2D on SCC
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Figure 2: Case 2 (N-DL CA + D2D on SCC)

For Case 2, we consider the subcases Case 2a and Case 2b as shown above.
· Case 2a: D2D Rx on SCC

· Case 2b: D2D Tx on SCC
Case 2a is similar to (N+1) DL CA, where the additional reception is now for D2D on the UL of SCC. Nonetheless, the requirement for the UE is to not impact the WAN performance. Hence we propose additional UE requirement for the UE can be introduced in this case to check the WAN REFSENS on the N-DL carriers with D2D active on the PCC UL. The D2D signal level should follow the current CA specifications, i.e., at D2D REFSENS.
Case 2b is similar to 2 UL CA, if exists between the PCC and SCC. Similar to Case 1, it does not matter if the transmissions are for D2D or WAN, since Rel-12 specifications already agreed for D2D Tx requirements follow PUSCH requirements. Hence existing 2 UL CA requirements will apply for simultaneous Tx on PCC (for WAN) and SCC (for D2D). Note that this is the key reason why we proposed (in Proposal 6) to adopt an example band combination that already supports 2UL CA. The timing difference between WAN and D2D transmission will however be different than legacy CA specification since D2D transmissions uses DL timing (mostly). Hence the Pcmax definition will need clarification for Case 2b (similar to Dual connectivity). The details for power sharing between WAN and D2D are currently under discussion in RAN1.
Case 2a: N-DL CA + D2D Rx on SCC

Proposal 9: (Case 2a) Additional requirement for UE to meet the legacy WAN CA REFSENS with concurrent D2D configured on SCC UL and D2D signal at D2D REFSENS input on PCC UL at the UE antenna port.
Case 2b: N-DL CA + D2D Tx on SCC

Proposal 10: (Case 2b) Existing 2 UL CA requirements shall apply. No need to retest with concurrent WAN (on PCC) + D2D (on SCC) transmissions and legacy requirements are sufficient. Additional requirements for Pcmax definition may need to be specified (similar to dual-connectivity) pending RAN1 agreement.
5.4. Case 3: N-DL CA + D2D on non-serving cell
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Figure 3: Case 3 (N-DL CA + D2D on non-serving cell)
As such, this case is similar to Case 2 with the exception that D2D is now on a non-serving carrier. The difference, however, arises from fact that for Case 2, the N-DL CA requirements already take into account the D2D carrier frequency when defining the REFSENS (e.g., for harmonic analysis). For Case 3, however, the N-DL CA REFSENS requirements will (of course) not have taken into account an active D2D carrier. 

For Case 3, the (N+1)DL REFSENS requirements will then apply if such a combination exists between N-DL CA for WAN + D2D band.

The proposals for Case 2 are then extended for Case 3 as follows.
Case3a: N-DL CA + D2D Rx on non-serving carrier
Proposal 11: (Case 3a) If (N+1)-DL CA exists between those bands, then the (N+1)-DL CA WAN REFSENS needs to be met for the N WAN carriers with active D2D configured and D2D signal input at D2D REFSENS on the D2D carrier frequency at the UE antenna port.
Case3b: N-DL CA + D2D Tx on non-serving carrier

Proposal 12: (Case 3b) If 2UL CA between those bands exists, then 2 UL CA requirements shall apply. No need to retest with concurrent WAN (on PCC) + D2D (on D2D carrier) transmissions and legacy requirements are sufficient. Additional requirements for Pcmax definition may need to be specified (similar to dual-connectivity) pending RAN1 agreement.

6. Conclusions

In this contribution, we discussed the UE RF requirements for eD2D, including scope / organization and work, and initial proposal on the UE RF requirements. 
(Scope of work)
Observation 1: Support of D2D + WAN CA is indicated in UE capability signaling (existing signaling for Rel-12 D2D Communications, and is expected to be extended for Rel-13 D2D Discovery).

Observation 2: For D2D Discovery, the UE also indicates the need for Tx/Rx gaps on WAN for concurrent D2D.
Observation 3: If the requested Tx/Rx gaps are not granted by the eNodeB, then UE expected not to perform D2D operation concurrent with the configured Wan CA carriers. 
Observation 4: Adjacent channel coexistence study done in Rel-12 assumed the worst-case scenarios and are applicable to Rel-13 enhancements (inter-frequency discovery / UE-NW relays).

Proposal 1: RAN4 to consider UE RF requirements for eD2D to support concurrent D2D with WAN CA (a.k.a. ‘multi-carrier D2D’)

· D2D is at most of one component carrier (PCC or SCC or non-serving carrier)

· UE can be configured with PCC and/or SCC(s)

Proposal 2: The concurrency between D2D and WAN CA to be specified in RAN4 is after accounting for Tx/Rx gaps requested in capability signaling, i.e., D2D + WAN CA for which gaps are not requested.

Proposal 3: Further study for adjacent channel coexistence are not required for Rel-13 eD2D enhancements.
(Organization of work)

Proposal 4: RAN4 to consider the following scenarios to study and specify the framework using one example band combination in Rel-13 eD2D WI:

· Case 1: N-DL CA for WAN + D2D on PCC

· Case 2: N-DL CA for WAN + D2D on SCC

· Case 2a: D2D Rx only

· Case 2b: D2D Tx + Rx

· Case 3: N-DL CA for WAN + D2D on non-serving component carrier

· Case 3a: D2D Rx only

· Case 3b: D2D Tx + Rx

Proposal 5: RAN4 should attempt to leverage the existing CA framework and requirements (as much as possible) for defining the requirements for eD2D. 
(Example band combination for Rel-13 eD2D specification work)

Proposal 6: RAN4 to adopt an existing 2 DL interband CA combination (that also has a 2 UL CA band combination defined) with D2D supported on one of the bands to specify the requirements for eD2D.

Proposal 7: In absence of operator preference that meets the criterion in Proposal 6, RAN4 can adopt CA_2-4 DL interband CA with D2D on band 2 to specify the requirements for eD2D. The corresponding cases are then as follows:

· Case 1: CA_2-4 + D2D on B2 (PCC)

· Case 2: CA_2-4 + D2D on B2 (SCC)

· Case 3: WAN on B4 + D2D on B2 (non-serving carrier)

(Initial view of UE RF requirements)

Observation 5: The UE cannot be tested for D2D conformance requirements with concurrent D2D + WAN. eD2D RF requirements with D2D-WAN concurrency can be only w.r.t. WAN performance. 

Observation 6: Rel-12 agreement on delta_t = 0.1 for ProSe support on a band will need to be extended for CA as well for eD2D.

Case 1: N-DL CA + D2D on PCC

Proposal 8: (Case 1) No new requirements are needed to support D2D on PCC. The UE required to separately meet legacy N-DL CA requirements and D2D requirement on the PCC band.

Case 2a: N-DL CA + D2D Rx on SCC

Proposal 9: (Case 2a) Additional requirement for UE to meet the legacy WAN CA REFSENS with concurrent D2D configured on SCC UL and D2D signal at D2D REFSENS input on PCC UL at the UE antenna port.
Case 2b: N-DL CA + D2D Tx on SCC

Proposal 10: (Case 2b) Existing 2 UL CA requirements shall apply. No need to retest with concurrent WAN (on PCC) + D2D (on SCC) transmissions and legacy requirements are sufficient. Additional requirements for Pcmax definition may need to be specified (similar to dual-connectivity) pending RAN1 agreement.
Case3a: N-DL CA + D2D Rx on non-serving carrier

Proposal 11: (Case 3a) If (N+1)-DL CA exists between those bands, then the (N+1)-DL CA WAN REFSENS needs to be met for the N WAN carriers with active D2D configured and D2D signal input at D2D REFSENS on the D2D carrier frequency at the UE antenna port.
Case3b: N-DL CA + D2D Tx on non-serving carrier

Proposal 12: (Case 3b) If 2UL CA between those bands exists, then 2 UL CA requirements shall apply. No need to retest with concurrent WAN (on PCC) + D2D (on D2D carrier) transmissions and legacy requirements are sufficient. Additional requirements for Pcmax definition may need to be specified (similar to dual-connectivity) pending RAN1 agreement.
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