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1
Introduction
In RAN2 #86, we received LS from RAN1 to explore the capability signalling for ProSe [1]. Many contributions were submitted to RAN2 #87 to discuss D2D capabilities [2]-[6]. RAN4 also sent and LS to RAN1 and RAN2 in [7] on D2D multicarrier capabilities. 

In this document we discuss the capability signalling for ProSe based on the RAN2 #87 agreements and the above documents.  

2
Discussion
2.1. Minimal Capabilities for ProSe
RAN1 LS [1] on “Multicarrier D2D capability” in addition to RAN4 reply LS [7] on “Reply LS on D2D Multicarrier capabilities” highlight some of the basic assumptions on minimal UE capability related to D2D operations. 
Table1. RAN1 working assumption with a condition to reception in [1]
	Working assumption with a condition to reception of reply LSs:
· For communication, RAN1 assumes that UE is able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D
· For discovery, RAN1 assumes that UE may not be able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D



Table2. RAN4 view on feasibility and implication of simultaneous reception of cellular on DL spectrum and D2D associated UL spectrum for FDD band[7]
	[RAN4 answer] 

· Feasibility: Simultaneous reception on associated UL and DL spectrum of a FDD band is possible.

· Implications: 

· RF: It is required that such a D2D capable UE have two receiver down-converter chains. For example, for a 2DL CA capable UEs, the second receiver down-converter chain can potentially be reused (Rx LO tuned from SCC DL to PCC UL) to simultaneous receive on the UL and DL of PCC. Re-tuning time from SCC DL to PCC UL can be assumed to be within 1 subframe.

· RF: Receiver capability with respect to DL MIMO and CA support maybe reduced to support simultaneous reception on associated UL (D2D) and DL spectrum. 

· RRM: Initial observations on D2D impact on cellular RRM performance is that in some cases, configuring/de-configuring the available receiver for D2D may result in an interruption to cellular DL and cellular UL during the receiver configuration/de-configuration procedure.




Based on the above documents the following observations on minimal capabilities for reception can be made: 

Observation 1: Single Rx is the minimum RX capability for discovery

Observation 2: Dual Rx is the minimum RX capability for communication.

It should be noted that above agreement and assumption do not preclude dual Rx for discovery. 

Observation 3: Dual Rx discovery is not precluded; hence capability singling should be able to support this case as well.
The minimal TX capabilities for discovery can be also made. For discovery, there is no requirements related to simultaneous transmissions of discovery and cellular.  
Observation 4: single TX is the minimum TX capability for discovery

The minimal TX capabilities for communication need some discussion. The basic issue is whether we should consider a single TX or dual TX as minimal TX capability. 
Observation 5_alt1: single TX is the minimum TX capability for communication

Observation 5_alt2: Dual TX is the minimum TX capability for communication

If the minimum TX capability is a single TX, then it is apparent that UE cannot perform simultaneous transmissions of D2D and cellular, and therefore UE needs to prioritize one over another. This means that RAN2 needs to discuss how UE should behave in case of 1) conflict between cellular and D2D operation, and 2) when eNB cannot handle inter-frequency D2D operation, if this scenario should be considered. 
2.2. Communications Capability Signaling 
Based on our previous contribution [2], RAN1 [1] and RAN4 LS [4], the following observations can be made: 

Observation 6: Public safety UE does not have to support CA. 

Even though RAN1 agreed that a separate RF chain is needed for D2D Rx, it does not mean that UE should be CA capable. DL CA implies that PCC and SCC are two disjoint DL physical frequencies (inter-band or intra-band). However, for D2D a feasible implementation would be to support D2D on a single PCell carrier frequency. For example, UE may only support B14 (10MHz total BW, so typically single carrier) for WAN and D2D and have a dedicated chain for reception on UL frequency of its PCell on this band. 

Observation 7: D2D communication comes with different RF and baseband requirements compared to CA. Therefore, separate D2D supported band list would be required.
Observation 8: As implied by RAN4 LS, CA capable UE may reuse a part of its CA capability for D2D reception. This results in reduction of cellular radio capability.  We think that RAN2 should consider such cases. Even if UE has a separate chain for D2D, its CA capability can be reduced due to RF impairments (e.g. due to desense).  The reduction of UE capability is applicable to 

· CA capability itself (e.g. band combinations or band class support) 

· or per band combination related capabilities (e.g. need for gaps)

· or per band in band combination capabilities (e.g. DL or UL MIMO) 

Observation 9: if we consider all of the above possible capability reduction options, understandably, the size of UE capability and its complexity has to be considered.
Proposal 1: UE should at least signal its D2D communication capable bands per CA band combination in the capability signaling. 

For example, UE should indicate that while PCC is on B4 for WAN it can support D2D on {B14, B27}. While configured with CA B4+B17 for WAN it can support D2D on {B14} and so on so forth.
Proposal 2: UE indicates all its supported CA band combinations that is possible without D2D operation. For each CA band combination, the UE also indicates D2D communication capable band(s). 

If eNB receives this band combination including supported D2D band(s) from UE, there are two options to interpret this from eNB side:

· 1) The UE supports ‘simultaneous’ TX operation of cellular and D2D on the indicated bands.

· 2) The UE does not support ‘simultaneous’ TX operation of cellular and D2D on the indicated bands. 

To enable eNB to distinguish the two, it is beneficial for UE to indicate whether UE supports ‘simultaneous’ TX operation for each supported D2D band. 
Proposal 3: For each supported D2D band within the supported band combination, UE indicate whether UE supports ‘simultaneous’ TX operation. 

Proposal 4: RAN2 should discuss the possible reduction in WAN capabilities when ProSe is active.
2.3. Discovery Capability Signaling 

In RAN2 #87 we agreed that intra-frequency or inter-frequency (including inter-PLMN) discovery reception should not affect WAN reception. No WAN interruptions are allowed (no autonomous gaps) as well. 

It was further agreed that discovery reception may only occur outside DRX (idle or connected DRX) active time if it interferes with WAN operation. 

Observation 10: UE has two options for discovery reception:

1- If it has a separate chain without any impact to its current capability (single carrier or CA configured), it can autonomously receive D2D discovery signals without informing the network. 

This includes all other dependent capabilities, e.g. gapless or # of CSI processes, etc.

2- If UE expects that discovery reception impacts WAN in any way (e.g. considering its current CA configuration), then it can only use DRX off times (iDRX or cDRX) for discovery reception. 

In connected mode, UE would send ProSe Discovery Indication to eNB and hopes that eNB configures DRX with enough off time. 

Observation 11: Since DRX is aligned between PCell and SCell(s) then there is no difference between single carrier and CA for discovery in terms of discovery opportunities. If UE is not provided with DRX off times that align with discovery resources then it cannot receive discovery signals.
Observation 12: Supported D2D bands for discovery do not have to be a subset of CA band combinations.
Proposal 5: D2D discovery capability signaling can be simplified to a set of per UE (baseband) capabilities and a set of D2D supported bands. 
2.4. Other ProSe related Capability Signaling 
UE needs to indicate to eNB whether it supports transmitting D2DSS so that eNB can configure the UE to transmit D2DSS. It is FFS whether transmission of PD2DSCH needs to be signalled separately or not. 

Proposal 6: UE should indicate whether it supports transmitting D2DSS.
An example of UE capability based on the above discussion points is shown in Figure 1. Note that the D2D band support is signalled per band combination. However to reduce the signalling size, we do not have to repeat bands in band combinations. 

Furthermore the potential capability reduction is considered per band combination with FFS details, again, to reduce the size and complexity of the UE capability. 
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Figure 1: ProSe capability signalling

3
Conclusion 

In this contribution ProSe capability signalling is discussed. 
For D2D communication, 

Proposal 1: UE should at least signal its D2D communication capable bands per CA band combination in the capability signaling. 

Proposal 2: UE indicates all its supported CA band combinations that is possible without D2D operation. For each CA band combination, the UE also indicates D2D communication capable band(s). 

Proposal 3: For each supported D2D band within the supported band combination, UE indicate whether UE supports ‘simultaneous’ TX operation of cellular and D2D. 

Proposal 4: RAN2 should discuss the possible reduction in WAN capabilities when ProSe is active.
For D2D discovery,

Proposal 5: D2D discovery capability signaling can be simplified to a set of per UE (baseband) capabilities and a set of D2D supported bands. 

Proposal 6: UE should indicate whether it supports transmitting D2DSS.
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