Page 1

3GPP TSG-RAN WG2 Meeting #87
R2-143234
Dresden, Germany, 18th – 22th August 2014
Agenda Item:
  
7.4.2.1
Source:
  


Intel Corporation
Title:

  



Multi-Carrier WAN-ProSe operation
Document for:  
Discussion and decision

1 Introduction
In the last RAN2 meeting, there was RAN1 LS informing RAN1’s working assumption on ProSe capabilities in conjunction with WAN operation [1]. In order to understand the implication of RAN1 working assumption in the big picture, we discuss possible WAN-ProSe combinations depending on UE capability. Furthermore, we discuss ProSe support on SCell for the UE having multi-carrier capabilities. 

2 Possible WAN-ProSe combinations

The WAN and ProSe may operate either on the same carrier or different carriers depending on UE Rx/Tx capability. There are many WAN-ProSe combinations that can potentially be considered, including the following:

· Single Carrier WAN-ProSe. In this scenario, we assume that WAN and ProSe operate on the same carrier and share spectrum resources. It means that in case of TDD spectrum, the WAN UL and ProSe-TX or RX needs to be multiplexed in time. The WAN DL and ProSe TX-RX are multiplexed in time by default since ProSe operates only in UL subframes. In case of FDD, there are two main possible options that may need further considerations:

· Single RX chain ProSe UE: In this case, the single RX chain is used for WAN DL and ProSe reception (i.e. RX chain is shared among DL and UL) and thus UE cannot simultaneously receive the WAN DL and ProSe. WAN DL and ProSe RX are multiplexed in time. According to RAN1 LS, the public safety UE can simultaneously receive the WAN DL and ProSe, therefore, this case is not applicable for the public safety UEs. For the non-public safety UEs, simultaneous reception is an optional feature. Therefore, non-public safety UE may support WAN and ProSe with single Rx chain. 
· Dual RX chain ProSe UE: In this case, the UE is equipped with additional RX chain (baseband and RF) that can be utilized for ProSe reception. With additional RX chain, the UE can simultaneously receive the WAN DL and ProSe carried on FDD DL and UL carriers respectively. WAN DL and ProSe RX can be received simultaneously in time. According to RAN1 LS, public safety UEs will support this case and non-public safety UE may support this case, i.e. can support WAN and ProSe with dual Rx chain. 
Observation 1: for non-public safety UE, the UE can be implemented with single Rx chain or dual Rx chain for discovery support. For public safety UE, the current RAN1 assumption is to support dual RX chain. 
· Multi-Carrier WAN-ProSe. In WAN-ProSe CA scenario, we assume that WAN operates on one or multiple component carriers and ProSe operates on one of the component carriers, which may or may not be a part of WAN component carriers. Two main scenarios can be identified in terms of WAN-ProSe CA combinations:
· Dedicated ProSe carrier. In this WAN-ProSe CA scenario, the first component carrier (CC1) is configured for WAN communication and the second component carrier (CC2) is used solely for ProSe communication. In this case, the dual-radio receiver uses eNB-UE air-interface on CC1 for WAN communication and UE-UE air interface on CC2 to enable direct communication. Note that from system perspective, the CC2 may be used for WAN communication as well, but from a given UE perspective the WAN transmission and reception on CC2 is off. according to RAN1 LS, the UE can support this case if the UE is capable of multi-carrier. 
· Shared WAN & ProSe carrier. In this WAN-ProSe CA scenario, primary cell (component carrier - CC1) is configured for WAN communication only and secondary cell (component carrier CC2) is used for WAN and ProSe. In this case, the Scell operation is similar to Single Carrier WAN-ProSe.  RAN1 LS informs that the UE cannot support WAN CA and ProSe simultaneously if the UE is capable of 2 DL CA. However, it is not clear whether the UE can support WAN CA+ProSe in other cases e.g. if the UE is capable of 3 DL CA or TDD. If the UE is capable of 3 DL CA, the UE likely has triple Rx chains and thus, the UE can support WAN CA + ProSe operation. In case of TDD, as it already supports TDM between WAN and ProSe, ProSe can also be supported in SCell without additional Rx chain.   
· Dual RX chain UE using one RX chain on the shared carrier. In this case, the WAN DL on CC2 and ProSe RX on CC2 should be multiplexed in time, since only WAN DL on Pcell and either ProSe RX or WAN DL on Scell can be received simultaneously (1 WAN PDL + 1 WAN SDL/ProSe RX CA). Another constraint is that WAN UL on Pcell and ProSe TX on Scell need to be multiplexed in time in order to avoid simultaneous transmissions on multiple carriers (i.e. 1 WAN PUL + 1 ProSe TX CA) if the UE is not UL CA capable. 
· Triple RX chain UE using two RX chains one the shared carrier. In this case, the WAN DL on Pcell, WAN DL on Scell and ProSe RX Scell can be received simultaneously (2 WAN DL + 1 ProSe RX CA). This is a special form of triple carrier aggregation. However, WAN UL on Pcell and ProSe TX on Scell need to be multiplexed in time in order to avoid simultaneous transmissions on multiple carriers (i.e. 1 WAN PUL + 1 ProSe TX CA) if the UE is not UL CA capable.  
Observation 2: there are still open issues with respect to CA and ProSe support e.g. it is not clear whether UE can support CA+ProSe when the UE is capable of 3DL CA or the UE is capable of 2 DL CA in TDD. 
Table 1 summarizes the WAN-ProSe combinations discussed above.
Table 1: Potential WAN-ProSe combinations 

	WAN-ProSe CA options
	F1
	F1
	F2
	F2
	Comments

	
	Uplink
	Downlink
	Uplink
	Downlink
	

	#0: Baseline (Cellular)
	WAN UL
	WAN DL
	WAN UL
	WAN DL
	

	Single Carrier WAN-ProSe
	#1a: single-RX chain UE
	WAN UL | ProSe TX | RX
	WAN DL | No DL if ProSe Rx
	N/A
(CC2 is not configured)
	1 RX chain is shared between WAN DL and ProSe RX
Not supported for public safety UE in FDD

	
	#1b: dual-RX chain UE (not applicable for TDD F1)
	WAN UL | ProSe TX | RX
	WAN DL
	
	2 RX chains, one dedicated to WAN DL and one to ProSe RX

	Multi-Carrier WAN-ProSe
	#2: dual-radio UE
	WAN UL 
	WAN DL
	ProSe TX | RX
	N/A
	2 UL CA is required to support simultaneous  WAN UL and ProSe Tx

	
	#3a: Simultaneous SDL+ProSe (not possible for TDD F2)
	WAN PUL 
	WAN PDL
	ProSe TX | RX
	WAN SDL 
	2 UL CA is required to support simultaneous  WAN UL and ProSe Tx;

Triple Rx chains required;

	
	#3b: TDMed SDL+ProSe
	WAN PUL 
	WAN PDL
	ProSe TX | RX
	WAN SDL
	2 UL CA is required to support simultaneous  WAN UL and ProSe Tx


Table notations:
PDL/PUL – Primary cell (carrier) DL/UL

SDL/SUL – Secondary cell (carrier) DL/UL

The sign | designates logical or operation.

3 Multi-Carrier WAN-ProSe 
In this section, several scenarios are analyzed assuming the UE has multiple Tx and Rx chain to support WAN and ProSe simultaneously in different frequencies. 

3.1 RRC_ILDE mode 
There can be deployment scenarios where ProSe is supported in one frequency (denoted by ProSe frequency) but ProSe is not supported in another frequency (non-ProSe frequency). The UE may want to support ProSe in the ProSe frequency, while the UE camps on the non-ProSe frequency. At least, the UE is able to receive ProSe data from the ProSe frequency while the UE camps on the non-ProSe frequency. However, in case of ProSe transmission, it is dependent on eNB’s ProSe resource allocation mode. 

· When Mode 2 Tx resource pool or Type 1 Tx pool is configured in SIB18: the UE can enable ProSe on the ProSe frequency while the UE camps on the non-ProSe frequency. Similar to eMBMS support, the UE receives ProSe-related SIB (SIB18) from the cell on the ProSe frequency. 
· When SIB18 indicates the UE to go to RRC_CONNECTED mode: this is for eNB to allocate ProSe resource via dedicated RRC signaling. Therefore, the UE should send resource request signaling to the eNB in the ProSe frequency when the UE enables ProSe transmission. The UE might initiate RRC connection setup in the current serving cell in non-ProSe frequency, however, the serving cell cannot allocate ProSe resource for the cell in the ProSe frequency because the serving cell and the ProSe-support cell may not be under the same eNB and more importantly, there is no signaling to allocate ProSe resource of non-serving cell .
The simple way to address this problem is to force the UE to perform cell reselection to ProSe supporting cell/frequency when the UE needs to initiate RRC connection setup i.e. when the UE is not provided resources to perform ProSe transmission while the UE is in RRC_IDLE mode. Similar to MBMS, the UE can prioritize the ProSe supporting frequency as high priority in cell reselection when the UE enables ProSe. 
Observation 3: if the UE is capable of multi-carriers, the UE is able to support WAN in non-ProSe frequency and ProSe in the ProSe frequency in RRC_IDLE mode for reception and for transmission when Mode 2 or Type 1 Tx resource pool is configured in SIB18. Otherwise, if Mode2 or Type 1 is not configured in SIB18, the UE needs to reselect to a cell on the ProSe frequency to perform RRC connection setup for ProSe transmission. 
Proposal 1: RAN2 to agree that for a CA capable UE, the UE should prioritize a ProSe frequency in cell reselection in order to perform RRC connection setup, if the UE cannot perform ProSe communication/discovery on the ProSe frequency while in RRC_Idle mode. 
3.2 RRC_CONNECTED mode with non-CA
This is the case where while the UE is connected to the serving cell in the non-ProSe frequency, the UE is interested to support ProSe in the ProSe frequency. Similar to RRC_IDLE mode case, the UE can support ProSe at least for reception. In case of transmission, simultaneous operation is possible only if the UE receives SIB18 and mode 2 or type 1 tx resource pool is configured. If the cell in the ProSe frequency indicates to go to RRC_CONNECTED mode, the UE should send UE assistance information to the serving cell. However, the serving cell may not support ProSe functionality and may not even decode UE assistance information related to ProSe. Furthermore, in the current RRC signaling structure, there is no way for the serving cell to send ProSe related RRC parameters of other cells. Therefore, like the idle mode case, the UE cannot support ProSe in the ProSe frequency while the UE is connected to the non-ProSe frequency if the ProSe supporting cell indicates the UE to go to RRC_CONNECTED mode. This issue can also be resolved by proposal 1 above where UE should reselect to a cell in ProSe frequency to perform RRC connection setup. However, while in RRC_CONNECTED mode, there may be the case the UE is handed over to the non-ProSe frequency by the network. In order to avoid handover to the non-ProSe frequency, the serving eNB should know what frequencies that the UE can support ProSe.
Observation 4: if the UE is capable of multi-carriers, the UE is able to support WAN in one frequency and ProSe in another frequency in RRC_CONNECTED mode. However, the UE needs to know the transmission resource pool of the non-serving ProSe cell. In case mode 2 or type 1 Tx resource pool is not configured, there is no way for the UE to acquire the Tx resource pool from a serving cell in a non-ProSe frequency.
Proposal 2: RAN2 agree that the UE indicates ProSe support per frequency band. In this way, network can decide not to handover the UE to a non-ProSe frequency.
3.3 RRC_CONNECTED mode with CA
The UE may enable ProSe while the UE is configured with CA because a multi-carrier capable UE is likely able to support CA as well. However, as discussed in section 2, depending on UE capability, the UE may or may not support CA and ProSe simultaneously.   
· Case 1: the UE can support CA+ProSe simultaneously and thus, the eNB maintains CA configuration. This requires UE to have triple Rx chains or TDM between WAN and ProSe. Depending on the ProSe frequency, the UE operation is different as follows. 

· ProSe frequency is PCell frequency: if ProSe is supported in PCell, no modification is expected.

· ProSe frequency is SCell frequency: the eNB should configure ProSe related RRC parameters to be used in SCell via RRC signaling. The current RRC signaling structure is not provisioned to send ProSe related RRC parameters for SCell.

· ProSe frequency is neither PCell nor SCell: this case is similar to RRC_connected mode without CA. the UE can enable ProSe for reception or for transmission only if Mode 2 or Type 1 resource is configured in SIB18.  
· Case 2:  the UE cannot support CA+ProSe regardless whether the UE can support ProSe in PCell or SCell. In this case, in order to enable ProSe, the eNB should deconfigure CA. The eNB releases SCell if the UE supports ProSe in PCell carrier. Otherwise, the eNB performs handover to the SCell frequency. 
In terms of ProSe capability signaling, if the UE can support CA+ProSe, the UE may need to indicate ProSe support per frequency band per band combination. The eNB should consider it in CA configuration and future handover. If the UE cannot support CA+ProSe, the ProSe capability per frequency band should be enough, by which the eNB can deconfigure CA and select the suitable serving cell. 

Although UE may be able to support CA+ProSe if the UE is capable of 3 DL CA or TDM on SCell is supported, we foresee that there is some modification on the current assumed RRC signaling structure. However, considering the limited time to Rel-12 completion, CA+ProSe should not be high prioirty.   
Proposal 3: RAN2 agree that CA+ProSe capability is de-prioritized in Rel-12 unless RAN1 requests to support CA+ProSe. 
4 Conclusion

In this contribution, we take a look the possible WAN and ProSe combination according to RAN1 LS and discuss the UE WAN+ProSe operation in multi-carrier scenario. Based on section 2 and 3, we propose the following points. 

Observation 1: for non-public safety UE, the UE can be implemented with single Rx chain or dual Rx chain for discovery support. For public safety UE, the current RAN1 assumption is to support dual RX chain. 
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Observation 2: there are still open issues with respect to CA and ProSe support e.g. it is not clear whether UE can support CA+ProSe when the UE is capable of 3DL CA or the UE is capable of 2 DL CA in TDD. 

Observation 3: if the UE is capable of multi-carriers, the UE is able to support WAN in non-ProSe frequency and ProSe in the ProSe frequency in RRC_IDLE mode for reception and for transmission when Mode 2 or Type 1 Tx resource pool is configured in SIB18. Otherwise, if Mode2 or Type 1 is not configured in SIB18, the UE needs to reselect to a cell on the ProSe frequency to perform RRC connection setup for ProSe transmission. 
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Observation 4: if the UE is capable of multi-carriers, the UE is able to support WAN in one frequency and ProSe in another frequency in RRC_CONNECTED mode. However, the UE needs to know the transmission resource pool of the non-serving ProSe cell. In case mode 2 or type 1 Tx resource pool is not configured, there is no way for the UE to acquire the Tx resource pool from a serving cell in a non-ProSe frequency.
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Proposal 1: RAN2 to agree that for a CA capable UE, the UE should prioritize a ProSe frequency in cell reselection in order to perform RRC connection setup, if the UE cannot perform ProSe communication/discovery on the ProSe frequency while in RRC_Idle mode. 
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Proposal 2: RAN2 agree that the UE indicates ProSe support per frequency band. In this way, network can decide not to handover the UE to a non-ProSe frequency.
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Proposal 3: RAN2 agree that CA+ProSe capability is de-prioritized in Rel-12 unless RAN1 requests to support CA+ProSe. 
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