Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG1 Meeting #77
                                


R1-142407
Seoul, Korea, 19th – 23rd May 2014
Source: 
Ericsson

Title:
Discussion on UE Multi-Carrier D2D Capabilities
Agenda Item:
6.2.5.2.4
Document for:
Discussion and Decision
1 Introduction
This paper focuses on D2D UE capabilities for the multi-carrier case and it covers some of the points raised in the email discussion [76b-12]. Multi-carrier D2D operation is discussed also in [1].
2 D2D Application Scenarios of Interest in Rel-12
One of the main applications for D2D in Rel-12 is Public Safety, which is expected to operate on a single pre-assigned carrier only (e.g., Band 14 in the US). Occasionally, PS UEs may lack EUTRAN coverage on their nominal band and roam on a different PLMN’s band. In order to perform mission critical communication, such UEs should be able to perform D2D transmission and reception on their operator’s band while still performing at least cellular communication on the roaming PLMN’s band.

In TS 22.303 SA2 explicitly prevents UEs to be discoverable on spectrum that does not belong to the serving PLMN:
“The UE can act as "announcing UE" only in the band designated by the serving PLMN but may act as a "monitoring" UE also in the resources of the serving PLMN and Local PLMNs.

Local PLMN: A PLMN which is not the serving PLMN, and in whose radio resources the monitoring UE is authorized by the HPLMN to engage in ProSe Direct Discovery.”

However, corresponding text is missing for communication and the expected behaviour is unclear. We therefore suggest contacting SA2 in order to clarify the intended roaming behaviour for D2D communication.
Proposal:

· Send an LS to SA2 and ask what is the intended roaming behaviour for D2D communication.
A further envisaged commercial application for D2D in Rel-12 is advertisement, where certain devices exploit direct discovery in order to locally promote certain services. If no inter-PLMN discovery is supported in Rel-12, such advertising devices should be equipped with SIMs associated to all the PLMNs whose UEs are of interest. If inter-PLMN discovery is supported in Rel-12, it is sufficient for the advertising device to be equipped with one SIM from one PLMN.

Finally, social discovery can be included among potential D2D application in Rel-12. If no inter-PLMN is supported the value of the application might be affected. On the other hand it is unclear how many PLMNs will support D2D already from Rel-12 in each country.
It is finally observed that RAN plenary considers inter-PLMN D2D as a low priority issue in Rel-12.

Observations:

· RAN plenary considers inter-PLMN D2D as a low priority issue in Rel-12
· Some potential D2D applications may benefit from inter-PLMN D2D

Proposal:

· Discuss inter-PLMN D2D support at the end of the release, if time allows for it

· Any optimization such as support for TDM receivers may be discussed in a later release.
2.1 Considerations on UE Complexity

When considering multi-carrier capabilities in the UEs it is expected that the dominant cost element resides in the RF chain (transmitter and/or receiver). However, considering the introduction of UL and DL CA in Rel-10, it is expected that at least high end Rel-12 UEs will be commonly equipped with multiple transmitter and receiver chains.

Another element that is expected to affect D2D UEs cost is the hardware commonality between PS and commercial UEs.

When considering multi-carrier capabilities the TDD and FDD cases need to be treated separately because of the different impact on the number of required receiver chains.
It can be discussed whether D2D capabilities should be defined respectively per PS and commercial UEs. However, at this point we prefer to discuss separate capabilities respectively for discovery and for communication. Discovery might be even split between a “discovering” and “discoverable” capability. Possibly, a new UE category might be introduced for PS.
Finally, we observe that many aspects related to UE complexity and behaviours are implementation specific. E.g., it is not trivial to switch a single receiver chain between carriers according to pre-defined rules because different UE implementations may have different “on time” (e.g., for subframes accumulation) on each carrier.
Observations:
· RF rx and tx chains dominate the UE cost

· Hardware commonality between PS and commercial UEs should be preserved as much as possible

· TDD and FDD capabilities need to be treated separately

· Discovery and communication and different UE capabilities

· UE complexity and behaviours are largely implementation-specific

3 UE Multi-Carrier D2D Behaviour

In Rel-10 CA a UE is configured by the serving eNB and it is available for seamless transmission/reception on the configured bands. We believe that the same principles should be applied to D2D multi-carrier configuration.
· Some bands are configured by the eNB for D2D rx and tx (see Section 4 for configuration details)

· The UE is expected to seamlessly read and/or transmit D2D on these carriers

· The configured bands are managed/owned by the serving PLMN 
· The UE is not expected to read D2D on remaining bands but it is not prevented either

· Note: inter-PLMN support is mostly by UE implementation
· If a UE is expected to perform UL transmission on a subframe that is at least partly overlapping with a D2D transmission, D2D power is scaled such that P_d2d_scaled = min{P_d2d; Pmax-P_cell}. If D2D is transmitted on multiple carriers, the power can be split equally or some signals may be dropped on certain carriers according to defined rules.
· P_d2d_scaled is the D2D signal power, P_d2d is the nominal D2D power, Pmax is the maximum tx power and P_cell is the total power used for UL cellular transmission on all carriers.
· If P_max-P_cell<epsilon, the D2D signal is not transmitted.

Proposal:

· A UE is not expected to receive or transmit D2D signals on any carriers except for those appositely configured by the serving eNB;
· UE with advanced capabilities are not prevented from receiving D2D signals on non-configured D2D carriers.
· A UE is not expected to transmit D2D signals on any carrier if it is performing cellular UL transmission on any carrier in an at least partly overlapping subframe.
4 UE Multi-Carrier D2D Capabilities
In this section we discuss multi-carrier UE capabilities and their signalling. 

We assume that a D2D-capable UE is configured with a number of DL, UL and D2D bands:

· all D2D-capable UEs are able to simultaneously receive on the DL band(s) and the UL band(s) for which D2D is configured in the serving eNB;
· all D2D-capable UEs are able to simultaneously transmit on the set of UL band(s) for which D2D and/or cellular UL are configured in the serving eNB.
Note that the FDD case where a UE is able to receive simultaneously on UL and DL spectrum is covered by the above proposal, too [1]. Any optimization may be considered, if justified, in a later release.

We assume that, similarly to CA capabilities indication, UEs indicate their combined CA/D2D capabilities to the eNB. Each carrier may have some specific band limitation and it is up to the eNB to allocate the carriers in a suitable way. 

It is noted that the UE capabilities are used differently for TDD and FDD carriers as summarized in Table 1 and Table 2.
Table 1: Additional capabilities required for monitoring D2D

	Functionality:
	Additional capability required for a TDD Carrier not already configured for cellular DL:
	Additional capability required for a TDD Carrier already configured for cellular DL:
	Additional capability required for an FDD Carrier not already configured for cellular DL:
	Additional capability required for an FDD Carrier already configured for cellular DL:

	Monitoring incoming D2D signals (discovery and/or communication)
	DL receiver
	None
	DL receiver
	DL receiver


Table 2: Additional capabilities required for transmitting D2D

	Functionality:
	Additional capability required for a TDD Carrier not already configured for cellular UL:
	Additional capability required for a TDD Carrier already configured for cellular UL:
	Additional capability required for an FDD Carrier not already configured for cellular UL:
	Additional capability required for an FDD Carrier already configured for cellular UL:

	Transmitting D2D signals (discovery and/or communication)
	UL transmitter
	None
	UL transmitter
	None


Clearly, there is no inter-dependency between cellular DL capabilities and D2D announcing/broadcasting capabilities. Similarly, there is no inter-dependency between cellular UL capabilities and D2D discovering/monitoring capabilities.
As already discussed, a UE is free to monitor incoming D2D signals on any carrier (provided that it is authorized to do so) even though such carriers are not explicitly configured in the UE. This is particularly relevant for inter-frequency and inter-PLMN D2D. 

[image: image1]
Figure 1: Example of Multi-Carrier capabilities configuration for a UE performing cellular on the P-cell and D2D on the S-cell. SIB on the P-cell indicates the D2D-enabled carrier(s). In this example 2 receivers and 2 transmitters are configured in total.
5 Conclusions

This paper provides an overview of UE behaviour and capabilities for D2D, focusing on multi-carrier.
Observations:

· RAN plenary considers inter-PLMN D2D as a low priority issue in Rel-12

· Some potential D2D applications may benefit from inter-PLMN D2D

· RF rx and tx chains dominate the UE cost

· Hardware commonality between PS and commercial UEs should be preserved as much as possible

· TDD and FDD capabilities need to be treated separately

· Discovery and communication and different UE capabilities

· UE complexity and behaviours are largely implementation-specific

Proposals:

· Send an LS to SA2 and ask what is the intended roaming behaviour for D2D communication.
· Discuss inter-PLMN D2D support at the end of the release, if time allows for it

· Any optimization such as support for TDM receivers may be discussed in a later release.

· A UE is not expected to receive or transmit D2D signals on any carriers except for those appositely configured by the serving eNB;
· UE with advanced capabilities are not prevented from receiving D2D signals on non-configured D2D carriers.
· A UE is not expected to transmit D2D signals on any carrier if it is performing cellular UL transmission on any carrier in an at least partly overlapping subframe.
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