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1   Introduction
During RAN2#86, RAN2 received a LS from RAN1 related to UE capability signalling regarding restriction on cellular operation when D2D is operated [1]. During RAN2#87bis meeting, some agreements related to ProSe communication were achieved as follow:
	Agreements

1
The UE capabilities for ProSe will be reflected in UE capability signalling

2
The UE may indicate per band combination on which bands (if any) it supports ProSe communication when configured according to that band combination. 

FFS whether it is possible not to include just one bit per band combination. 

3
The mode is not indicated per band combination. 

FFS whether there are two per-UE capability bits indicating support/IOT for mode-1 and mode-2. 


Stage3 CR [2] about 36.331 is still running during the offline email discussion after RAN2#87bits meeting, new IE related to ProSe UE capability such as indication of which bands support ProSe has been accepted. But some open issues still exist about the ProSe UE capability, such as:
· How can the UE indicate whether it supports simultaneous ProSe and cellular operation?
· What are the impacts on the cellular capability when it performs ProSe operation simultaneously?
In this contribution, we give the analysis on the need for ProSe UE capability signalling in order to solve the left issues listed above. 
2   ProSe UE capability signalling

Need for ProSe UE capability signalling
ProSe related capability signalling
In our opinion, the ProSe capability should still be reported together with the supported D2D band information. As we know, many operating bands are defined in TS 36.101 [3]. The D2D UEs may have different RF characteristics as well as supported operating bands. RF filter may be different for cellular and D2D since the D2D UE needs to receive the D2D signal on cellular UL bands instead of DL bands. Therefore, the supported D2D bands may or may not be a subset of the supported WAN bands. 
Proposal 1: UE needs to indicate the supported ProSe bands.
RAN1 has assumed that the D2D communication UEs are able to simultaneously perform cellular on DL carrier and D2D on associated UL carrier for FDD band. It seems that it is not necessary for the D2D UE to report the simultaneous reception capability to the eNB. On the other hand, since simultaneous transmission capability has not been assumed so we think that a specific indication (per band combination capability) would be useful. 
Proposal 2: UE may indicate simultaneous transmission capability for ProSe communication.
RAN1 has assumed that the D2D discovery UEs may or may not be able to simultaneously perform cellular on DL carrier and D2D on associated UL carrier for FDD band, and RAN2 was agreed that for inter-frequency discovery Rx, eNB may have to provide DRX opportunities (if UE is not capable of simultaneous reception) or it can do nothing if UE is capable of simultaneous reception. This means that it becomes important for eNB to know the simultaneous reception capability of the UE. So we think that a specific indication (per supported ProSe band) of simultaneous reception capability would be useful.
Proposal 3: UE may indicate simultaneous reception capability for ProSe discovery.
For the UE capable of both D2D communication and D2D discovery, it is still no clear whether supporting D2D communication on one band  also means supporting D2D discovery on the same band, or vice versa. If the answer is no, the UE needs to inform the eNB with separate indications (at least two bits) for the ProSe discovery and communication support on each possible band. Otherwise, the UE only needs to inform the eNB with single indication (one bit) for the ProSe operation support. Since this issue concerns with the RF requirements for D2D communication and discovery implementation, it is recommended to send a LS to RAN4 to confirm it. 
Proposal 4: It is recommended to send a LS to RAN4 to confirm whether supporting D2D communication/discovery on one band means supporting D2D discovery/communication on the same band.
Impacts on cellular related capability signalling
Based on the analysis in the contribution [3], the impact on cellular operation depends on whether a UE has a dedicated ProSe receiver/transmitter and whether the cellular UL carrier is re-used for the ProSe communication.  
1. UE without dedicated ProSe receiver/transmitter
For a UE without dedicated ProSe receiver the cellular reception capability such as CA and MIMO capability may be reduced since some of the receivers may be ‘borrowed’ to receive ProSe signals. The potential impact may include the change on DL CA BandwidthClass, change on the MIMO-Capability, and change on the need for interFreqBand measurement gap and so on. 
As a matter of fact, we think that not all of the DL CA capable UEs can support simultaneous reception on both cellular and ProSe even with the cellular capability reduction. For example, some UE with only a single receiver may support intra-band CA (e.g., DL CA BandwidthClass is b), but they may not support simultaneous reception on both cellular and ProSe with the reduction of  UL CA BandwidthClass due to the big carrier gap between DL for WAN and UL for ProSe. 
On the other hand, if UE has two receivers, one receiver is used for ProSe reception and the other is used for cellular reception, it is difficult for the eNB to determine whether it can support intra-band CA for cellular and the specific change on DL CA BandwidthClass, MIMO-Capability, and so on. So we think a simple and direct way is that the UE report the all the possible band combinations which taking into account both cellular and ProSe operation.
Observation 1: A UE with only a single receiver may even support intra-band CA. It is difficult for the eNB to determine UE’s CA and MIMO Capability from the number of receivers the UE has.
Proposal 5: It is unnecessary for the UE to indicate the number of receivers.  A UE without a dedicated ProSe transmitter/receiver shall report all the possible band combinations taking into account both cellular and ProSe operation.
For a UE without dedicated ProSe transmitter the cellular transmission capability such as CA and MIMO capability may be reduced when a transmitter is ‘borrowed’ to transmit ProSe signals. Due to the similar reason as analysis above, we think it is unnecessary for the UE to indicate the number of transmitters.
2. UE with dedicated ProSe receiver/transmitter
But for a UE with a dedicated ProSe receiver/transmitter there is no impact on UE cellular reception/transmission capability when the UE performs ProSe reception/transmission. So it seems unnecessary to inform the eNB of the newly added radio capability. But without the new added radio capability IE, it is difficult for the eNB to know whether the UE has a dedicated ProSe receiver/transmitter or the UE cannot support simultaneous ProSe operation and cellular operation.
So we think the UE with a dedicated ProSe receiver/transmitter needs to indicate whether a dedicated ProSe receiver/transmitter exists which means no impacts on UE cellular reception/transmission capability when the UE is performing ProSe reception/transmission. Specifically, for example, if a UE only indicates it has a dedicated ProSe receiver, it means that it can support simultaneous ProSe reception and cellular reception without any impact on CA or MIMO capability, but if a UE does not indicate it has a dedicated ProSe transmitter nor indicate new added radio capability, it means that it cannot support simultaneous ProSe transmission and cellular transmission. 
Proposal 6: A UE with a dedicated ProSe receiver/transmitter needs to indicate whether a dedicated ProSe receiver/transmitter exists. 
Signaling of ProSe UE capability

For a ProSe capable UE, there are several types of indication needed:
1. Which bands ProSe can be supported;
2. Whether the UE supports ProSe discovery and/or communication;
3. Whether a dedicated ProSe receiver/transmitter exists; 
4. The new radio capability when the UE performs ProSe operation on each possible carrier/band; 
The first type IE indicates the RF capability of the UE and the second type IE indicates the baseband capability of the UE. Both of them are needed for all the ProSe capable UEs. For the UE that has a dedicated ProSe receiver/transmitter the third type IE may be needed to indicate the capability of supporting simultaneous ProSe and cellular operation without any impact on cellular reception/transmission.
For a UE that has no dedicated ProSe transmitter/receiver but wants to perform ProSe cellular operation simultaneously, the cellular capability may be “down-graded” when it performs ProSe operation. The eNB needs to know exactly new “down-graded” cellular capability such as CA and MIMO capability when it performs ProSe operation on each possible band.
Considering the fact that the ProSe UE may not perform ProSe operation all the time, the eNB needs to know both the cellular capability without ProSe operation and “down-graded” cellular capability with ProSe operation. It seems necessary for UE to indicate this dual capability. For the cellular capability without ProSe operation, the existing IE is enough. For the “down-graded” cellular capability with ProSe operation, the UE informs the eNB of the newly supported band combination capability with supportedbandcombinationAdd IE, in which each band combination includes at least a band that supports ProSe operation and at least one band that supports cellular operation. As shown in figure 1, the newly added supportedbandcombinationAdd IE includes a sequence of band combination IE, every band combination IE consists several band parameters.  The only difference between the new band parameters and the existing band parameters is that ‘ProSeEnabled’ indication is added.
Let’s take bandcombination_1 in Figure 1 as an example: it indicates the UE can support simultaneous ProSe operation on band P1 and cellular operation on band {W1,..., WX}. According to current specification, CA BandwidthClass and MIMO-Capability are included in bandParametersDL IE and bandParametersUL IE which are included in BandParameter IE. These IE are also needed for cellular operation band parameters in the newly added supportedbandcombinationAdd IE, but with different value from the non ProSe scenarios. For example, the CA BandwidthClass of band_WX may be ‘b’ in the non ProSe scenario while the CA BandwidthClass of band_WX may be ‘a’ when the UE is performing ProSe operation. Based on the analysis in the part 2.1.1, UE may indicate simultaneous transmission capability per band combination for ProSe communication while indicate simultaneous reception capability per band combination for ProSe discovery. In addition, we are not sure whether supporting D2D communication/discovery on one band means supporting D2D discovery/communication on the same band, so whether UE needs to inform the eNB with separate indications of supported bands for the ProSe discovery and communication is FFS. If we make the assumption that supporting D2D communication/discovery on one band means supporting D2D discovery/communication on the same band, we can only one bit of the ProSeEnabled IE to indicate whether supporting ProSe on this band in the band parameters of P1. The UE shall indicate all the possible band combinations of ProSe operation band and cellular operation band. Then the eNB can know the newly “down-graded” cellular capability while taking into account the ProSe operation on every possible band.
It is worthy noting that the FreqBandIndicator of band P1 can be the same with any of band {W1...WX}. If FreqBandIndicator of band P1 and band X1 is the same, it means that UE can perform ProSe operation and cellular operation simultaneously on band P1/W1. On the other hand, if UE will support CA and MIMO for ProSe operation, the UE may need to indicate the CA and MIMO capability of ProSe Tx and ProSe Rx, compare to cellular there is no concept of UL nor DL for ProSe, it only has concept of Tx and Rx, so we can name the related IE with bandParametersTx or bandParametersRx other than bandParametersDL and bandParametersUL in the ProSe BandParameters. Furthermore, if the UE can only support simultaneous cellular operation and ProSe reception but not ProSe transmission, the bandParametersTx of band_P1 may not present.
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Figure 1 SupportedBandCombinationAdd IE
The IE that indicates newly added band combination may be defined as:
supportedBandCombinationAdd-rxx ::= SEQUENCE (SIZE (1..maxBandComb-rxx)) OF BandCombinationParameters-rxx 
BandCombinationParameters-rxx ::= SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF BandParameters-rxx
BandParameters-rxx ::= SEQUENCE {


bandEUTRA-rxx




FreqBandIndicator,


bandParametersTx-rxx


BandParametersUL-r10




OPTIONAL,


bandParametersRx-rxx


BandParametersDL-r10




OPTIONAL
FFS: ProSe-enabled

ENUMERATED {supported}



OPTIONAL, 
}
If we do not consider the CA and MIMO capability for ProSe operation in R12,  the bandParametersTx or bandParametersRx may be unnecessary for ProSe band，the UE can indicate whether support simultaneous ProSe reception for only D2D discovery capable UE and/or simultaneous ProSe transmission for any D2D capable UE.
Proposal 7: The UE may indicate per band within a band combination whether it supports (is used for) ProSe operation in newly added supported band combination IE.
Proposal 8: The UE can indicate the capability for simultaneous ProSe and cellular operation in the form of newly added band combinations which contain both ProSe band and cellular band.
Proposal 9: We should consider whether CA and MIMO capability is supported for ProSe operation.
3   Conclusion
In this contribution we discussed the issue related to ProSe UE capability. Several observation and proposals are suggested:
Observation 1: A UE with only a single receiver may even support intra-band CA. It is difficult for the eNB to determine UE’s CA and MIMO Capability from the number of receivers the UE has.
Proposal 1: UE needs to indicate the supported ProSe bands.
Proposal 2: UE may indicate simultaneous transmission capability for ProSe communication.
Proposal 3: UE may indicate simultaneous reception capability for ProSe discovery.
Proposal 4: It is recommended to send a LS to RAN4 to confirm whether supporting D2D communication/discovery on one band means supporting D2D discovery/communication on the same band.
Proposal 5: It is unnecessary for the UE to indicate the number of receivers.  A UE without a dedicated ProSe transmitter/receiver shall report all the possible band combinations taking into account both cellular and ProSe operation.
Proposal 6: A UE with a dedicated ProSe receiver/transmitter needs to indicate whether a dedicated ProSe receiver/transmitter exists. 
Proposal 7: The UE may indicate per band within a band combination whether it supports (is used for) ProSe operation in newly added supported band combination IE.
Proposal 8: The UE can indicate the capability for simultaneous ProSe and cellular operation in the form of newly added band combinations which contain both ProSe band and cellular band.
Proposal 9: We should consider whether CA and MIMO capability is supported for ProSe operation.
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