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1 Introduction

RAN2 received LS on multi-carrier capability from RAN 1 related to the simultaneous reception capability of the UE between ProSe communication and DL cellular reception with the following working assumption [1]:

· For communication, RAN1 assumes that UE is able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D
· Public safety UEs are able to simultaneously perform cellular on DL carrier and D2D on associated UL carrier for FDD band
· RAN1 assumes that there is no simultaneous operation of CA and D2D required for Rel-12 D2D communication when a 2 DL CA capable UE is assumed.
It is also agreed in RAN2#87bis [2] that a UE can perform ProSE communication on another carrier (either in-coverage or out-of-coverage) while being served by an LTE carrier. Furthermore the ProSE carrier is known via pre-configuration in the UE. The following agreements imply this: 
· A UE that is camped (due to cell reselection priorities) or connected on one carrier but interested in ProSe operation on another carrier shall attempt to find cells on the ProSe carrier and thereby determine whether it is “in-coverage”
· If the UE detects a cell on the ProSe carrier, the UE shall no longer use the ProSe resources indicated in UICC for that frequency (if the RAN does not provide the UE with ProSe resources in SIB or dedicated signalling, the UE stops ProSe operation in order not to harm the existing network). 
· For Rel-12 we assume that all ProSe communication (for a UE) is performed on a single carrier which is known by pre-configuration to UEs.  
Based on the above working assumptions and agreements, this contribution discusses the impact of ProSe communication transmission and reception to the cellular operation and proposed how and when the impact should be signalled to the eNB.
2 Discussion
2.1 Possible ProSE communication scenarios

Based on the additional RAN 2 agreements, the UE can perform ProSE communication on a carrier other than the LTE cellular carrier. The followings are the possible deployment scenarios for ProSE Communication:
· Single-carrier operation where ProSe communication is on the UL PCC or UL SCC
· Multi-carrier operation where ProSe communication is on a UL carrier of non-serving frequency of the cellular operation
2.2 The impact of ProSe communication to cellular operation
From the RAN2 agreement “For Rel-12 we assume that all ProSe communication (for a UE) is performed on a single carrier which is known by pre-configuration to UEs ”, the ProSE carrier is preconfigured on a UE that supports ProSE communication. Since the eNB is not selecting the ProSE carrier for ProSE communication, there is no need for the eNB to know the list of bands that supports ProSE communication by the UE.

Observation#1: Since eNB is not selecting the ProSe carrier for ProSe communication, there is no need for the eNB to know the list of bands that supports ProSE communication by the UE.

2.2.1 ProSe communication reception
RAN 1 [1] has made a working assumption that UE is capable to simultaneously receive cellular in the DL carrier and ProSe communication in the UL carrier of a FDD band. Furthermore, RAN 4 LS [3] has responded showing the implication of such assumption

For a non-CA capable UE to fulfil such simultaneous reception, dedicated receiver has to be assumed. If dedicated receiver is assumed, then we think that it should not cause impact to the cellular receiver in any way (e.g. affecting the DL MIMO capability etc). Hence (at least for now until further analysis from RAN 4), the UE does not need to tell the eNB about the ProSe communication reception capability.

For a DL CA capable UE, ProSe communication reception on another carrier to the cellular carrier has an impact to the DL CA and MIMO capability as from the RAN 1 assumption that “RAN 1 assumes that there is no simultaneous operation of CA and D2D required for Rel-12 D2D communication when a 2 DL CA capable UE is assumed.” and also the the implications from RAN 4 LS [3]. There is thus a possible need to inform the eNB about the impact to the DL CA and MIMO capability.
In the case of simultaneous ProSe communication reception and cellular transmission in a single carrier operation, RAN 1 has agreed to “In the event of a time domain conflict between UL WAN transmission and D2D transmission and/or reception and/or switching, UL WAN transmission is always prioritized“ for ProSe communication and discovery. Hence there is no impact to cellular transmission operation.
In the case of simultaneous ProSe communication reception and cellular transmission in a multi-carrier operation, since dedicated receiver is assumed, there is again no impact to cellular transmission operation
2.2.2 ProSe communication transmission
RAN 1 has not made any working assumption on whether multiple transmissions are required for the case of multi-carrier operation. Hence it is unclear whether dedicated transmitter can be assumed for mulit-carrier operation.

Prior to the introduction of multi-carrier operation (RAN1#77), RAN 1 agreed in RAN1#76 that cellular operation should be prioritised over ProSe communication/discovery
In the event of a time domain conflict between UL WAN transmission and D2D transmission and/or reception and/or switching, UL WAN transmission is always prioritized

It is thus not clear whether the above also holds true for multi-carrier operation.
In view of the time of Rel-12, one way forward is the UE is not mandated to support multi-carrier operation for transmission of ProSe communication.

Proposal#1: UE is not mandated to support multi-carrier operation for transmission of ProSe communication
For a non-UL CA capable UE and is operating in a single carrier operation environment, there is no impact to the cellular transmission since RAN 1 has also agreed that “In the event of a time domain conflict between UL WAN transmission and D2D transmission and/or reception and/or switching, UL WAN transmission is always prioritized”. If eNB is informed that UE is intending to perform ProSe communication transmission or receive, this can aid in eNB in preventing collision between UL WAN transmission and ProSE communication transmission.
For a non-UL CA capable UE and is operating in a multi-carrier operation environment, the UE may have to perform dynamic carrier switching between the ProSe carrier and the cellular carrier or it has to stop cellular operation if it does not have dedicated transmitter for ProSe communication. eNB needs to be informed of whether the UE can perform simultaneous transmission of cellular and ProSe communication.

For a UL CA capable UE and is operating in a multi-carrier operation environment, ProSe communcation transmission may have an impact to the UL CA and MIMO capability of the UE based on the implication on the DL capability for the case of ProSe communication reception. If this is the case, the eNB may need to be informed of the impact to the UL CA and MIMO capability.
In the case of simultaneous ProSe Communication transmission and cellular reception in a single carrier or multi-carrier operation in FDD mode, we currently do not foresee any impact to the cellular reception operation. If there is any, RAN 4 will probably inform RAN 2.
Below is a table to summarise the observations from Section 2.2.1 and 2.2.2:

	Impact to cellular operation because of ProSe communication
	ProSe Communication reception
	ProSe Communication transmission

	Non-CA capable UE
	No impact since it has been agreed that UE is capable of simultaneous reception on the DL carrier of the cellular operation and UL carrier of the ProSe communication
	In multi-carrier operation, the UE may have to perform dynamic carrier switching between the ProSe carrier and the cellular carrier or it has to stop cellular oepration (does not support multi-carrier transmissions) if it does not have dedicated transmitter.
In single carrier operation, there is no impact since the UE always give higher priority to cellular transmission but it may be beneficial to inform eNB to reduce/avoid collision between cellular and ProSe communication transmission.

	Only DL CA capable UE
	If UE is DL CA capable, the DL CA capability may be impacted with respect to the ProSe carrier.
	Same as Non-CA capable UE

	DL/UL CA capable UE
	If UE is DL CA capable, the DL CA capability may be impacted with respect to the ProSe carrier.
	If UE is UL CA capable, the UL CA capability may be impacted with respect to the ProSe carrier


Observation#2: eNB may need to be informed of the impact to the cellular operation on the following:

· DL/UL CA and MIMO capability 

· For non-CA capable or DL CA only capable UE, whether it can perform simultaneous transmissions of cellular and ProSe communication (via dedicated transmitter or dynamic carrier switching) or not (stop cellular operation)
2.2.3 How the eNB is informed of the impact to the cellular operation
There are a few ways of how the enB is informed about the impact of ProSe communication to the cellular operation:
a. The UE-EUTRA-Capability in UECapabilityInformation always include the impacted capability in the normal capability signalling (i.e. no new signalling is added to indicated those impacted capability; the impacted capability is part of the normal capability) 

b. A separate signalling is included in the UE-EUTRA-Capability of UECapabilityInformation message to indicate the impacted capability
c. The impacted capability is signalled in the ProSe communication Indication

d. The impacted capability is requested by the eNB after eNB receives the ProSe communication Indication

e. Mix of Approach (b) and (c) where (a) is used for static impacted capability e.g. UL/DL CA capability impact while (b) is used for dynamic impacted capability (e.g. ProSe communication subframe pattern).

Approach (a) is the simplest where the normal capability takes into account the impact of the ProSe communication to cellular operation. For example, if ProSe communication reception affects the DL CA capability, the impacted DL CA capability will always be provided in the capability signalling. Obviously, the main downside of this approach is that the impacted capability cannot be used by the cellular operation even when no ProSe communication is ongoing. 

Approach (b) is bascially an extension to the existing capability signalling. The downside is that it will result in a much larger UE capability container which has implication to the storage size in the MME.
Instead of sending as part of the capability signalling, Approach (c) provides an alternative to sending the impact via the interest indication. Whenever the UE is interested in performing ProSe communication (either reception or transmission or both), it allows the UE to provide such further information to the eNB.  This resolves the downside of Approach (b).

In Rel-12, RAN 2 had introduced the mechanism for the eNB to request for further CA capability information from the UE. As in Approach (d), such mechanism can be used here for the eNB to request for the impact when the UE indicates interest for ProSe communication.

As for Approach (e), the impact to the UL/DL CA capability can be seen as logically a static capability of the UE and should be part of the UE capability. As on the support of simultaneous transmission of cellular and ProSe communication, if the pattern of the ProSe communication transmission needs to be provided, this may be more dynamic and more suitable to be in the ProSe communication indication.

Observation#3: There are the following approaches on how the eNB is informed of the impact to the cellular operation:
a. The UE-EUTRA-Capability in UECapabilityInformation always include the impacted capability in the normal capability signalling (i.e. no new signalling is added to indicated those impacted capability; the impacted capability is part of the normal capability) 

b. A separate signalling is included in the UE-EUTRA-Capability of UECapabilityInformation message to indicate the impacted capability
c. The impacted capability is signalled in the ProSe communication Indication

d. The impacted capability is requested by the eNB after eNB receives the ProSe communication Indication

e. Mix of Approach (b) and (c) where (a) is used for static impacted capability e.g. UL/DL CA capability impact while (b) is used for dynamic impacted capability (e.g. ProSe communication subframe pattern).

Before deciding on which approach to take, we need to look at the complexity of signalling those impacts as in the following section.

2.2.4 The signalling if eNB is informed the impact to the cellular operation
The following is required if we choose a method in Section 2.2.3 to inform the eNB on the impact to the cellular operation. 

For the case of DL/UL CA capability impact, it can be provided as a separate signalling to the supportedBandCombination. Each entry of the separate signalling corresponds to an entry in the supportedBandCombination (i.e. one band combination which include UL and DL band combinations). Hence if a band combination cannot be supported because of simultaneous ProSe communication, it can indicate as ‘no longer supported’. It can be represented by a simple bitmap where the length is the number of supported band combination.

 The support of simultaneous transmissions of cellular and ProSe communication can be indicated for each band supported by the UE corresponding to the entry in the supportedBandListEUTRA.
For further optimisation for avoiding collision between cellular transmission and ProSe communication transmission in the single-carrier operation, the UE may provide the eNB with the ProSe communication transmission pattern.

It can be observed that the signalling on indicating the DL/UL CA capability impact and the support of multi-carrier operation for non-UL CA UE are not very complex. Furthermore, the impacted capability can be signalled in the ProSe communication Indication rather than the capability signalling (which alleviate the MME storage issue), our preference is Approach (c).

Proposal#2: eNB is informed of the impacted capability in the ProSe communication Indication.
Proposal#3: For the case of DL/UL CA capability impact, a new signalling that associated with the supportedBandCombination can be provided in the Indication. Each entry of the separate signalling corresponds to an entry in the supportedBandCombination (i.e. one band combination which include UL and DL band combinations) which indicate whether a UL or DL band combination is supported.  

Proposal#4: The support of simultaneous transmissions of cellular and ProSe communication can be indicated for each band supported by the UE corresponding to the entry in the supportedBandListEUTRA.

3 Conclusion

 It is recommended that RAN 2 discusses the following observations and proposals:
Observation#1: Since eNB is not selecting the ProSe carrier for ProSe communication, there is no need for the eNB to know the list of bands that supports ProSE communication by the UE.

Observation#2: eNB may need to be informed of the impact to the cellular operation on the following:

· DL/UL CA and MIMO capability 

· For non-CA capable or DL CA only capable UE, whether it can perform simultaneous transmissions of cellular and ProSe communication (via dedicated transmitter or dynamic carrier switching) or not (stop cellular operation)

Observation#3: There are the following approaches on how the eNB is informed of the impact to the cellular operation:

a. The UE-EUTRA-Capability in UECapabilityInformation always include the impacted capability in the normal capability signalling (i.e. no new signalling is added to indicated those impacted capability; the impacted capability is part of the normal capability) 

b. A separate signalling is included in the UE-EUTRA-Capability of UECapabilityInformation message to indicate the impacted capability
c. The impacted capability is signalled in the ProSe communication Indication

d. The impacted capability is requested by the eNB after eNB receives the ProSe communication Indication

e. Mix of Approach (b) and (c) where (a) is used for static impacted capability e.g. UL/DL CA capability impact while (b) is used for dynamic impacted capability (e.g. ProSe communication subframe pattern).

Proposal#1: UE is not mandated to support multi-carrier operation for transmission of ProSe communication
Proposal#2: eNB is informed of the impacted capability in the ProSe communication Indication.
Proposal#3: For the case of DL/UL CA capability impact, a new signalling that associated with the supportedBandCombination can be provided in the Indication. Each entry of the separate signalling corresponds to an entry in the supportedBandCombination (i.e. one band combination which include UL and DL band combinations) which indicate whether a UL or DL band combination is supported.  

Proposal#4: The support of simultaneous transmissions of cellular and ProSe communication can be indicated for each band supported by the UE corresponding to the entry in the supportedBandListEUTRA.
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