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1   Introduction
This contribution addresses a few different open issues on D2D:

· D2D UE capability signalling
· D2D prioritization and interest indication
· D2D indication during RRC connection establishment 
2   D2D UE capability signalling

During RAN2#86, RAN2 received a LS from RAN1 related to UE capability signalling of restriction on cellular operation [1]. 

	RAN1 would like to ask RAN2:

· To investigate impact on UE capability signalling of restriction on cellular operation when D2D is operated.
Note that RAN1 assumes the following:
· Public safety UEs are able to simultaneously perform cellular on DL carrier and D2D on associated UL carrier for FDD band
· For discovery, RAN1 assumes that non-public safety UE may not be able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D
· 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.


Based on the assumption in the LS, in this section the different UE capability requirements for D2D discovery and D2D communication are compared. A tentative proposal for D2D UE capability indication is then presented. 
2.1   D2D UE capability requirements
According to the UE capability assumption from RAN1, public safety UEs should be able to simultaneously perform cellular communication on the DL carrier and D2D on the associated UL carrier. However, non public safety UEs may not have this capability. As a matter of fact, whether the UE could perform simultaneous cellular and D2D reception depends on UE’s hardware capability. If there is more than one receiver in the UE, the UE may be able to simultaneously perform cellular communication on DL carrier and D2D on associated UL carrier for FDD band. Otherwise, simultaneous reception of D2D and DL cellular communication is not possible. Since D2D communication is targeted to apply only to public safety use case, whereas D2D discovery mainly focuses on the non-public safety use case, it is natural to conclude that a D2D communication capable UE is by default equipped with at least more than one receiver. For the D2D discovery capable UE, one or more receivers may be present. Based on this analysis, we discuss the impact on cellular operation for D2D discovery and D2D communication respectively.
D2D Discovery

For D2D discovery, if the UE only has a single Rx, it needs to reuse the cellular receiver circuit for D2D. Hence the reception of D2D and DL cellular communication should happen in different TTIs to avoid timing collisions. From the perspective of the eNB, D2D resource configuration and allocation should be carefully considered for these single Rx UEs. For example, it is better to avoid configuring D2D discovery resources on UL sub-frames ([0 4 5 9]) since the associated DL subframes have PSS/SSS/MIB/SIB/PAGING signalling which is important for the UE to receive. In addition, if a single Rx UE indicates to the eNB its interest to monitor the discovery signal of other UEs, the eNB should avoid scheduling the UE with PDSCH resources on DL subframes corresponding to the associated UL subframes where the D2D resource is configured. As shown in Figure 1, assuming that a single Rx UE plans to receive D2D discovery signal in UL subframe#7, then the eNB scheduler can’t allocate PDSCH resources in DL subframe#7 to avoid collisions. Furthermore, the eNB scheduler cannot allocate the PUSCH resources in UL subframe#3 since the PHICH relevant to the PUSCH will occurr in DL subframe#7 (for FDD LTE) which collides with D2D discovery signal reception in UL subframe#7. 
There are a lot of scheduling constrains for a single Rx UE. However, these constraints are not applicable for a D2D capable UE with multiple RX. Considering the impact on eNB scheduler implementation, it is necessary for a D2D capable UE to report the D2D capability and the simultaneous reception capability to eNB. 
Proposal 1: Considering the impact on eNB scheduler implementation, it is necessary for a D2D UE to report the D2D capability and the simultaneous reception capability to eNB.
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Figure 1: Collisions between cellular and D2D signals.
D2D Communication 
RAN1 has assumed that Public safety UEs are able to simultaneously perform cellular communication on the DL carrier and D2D on the associated UL carrier for FDD band. Apparently it seems that it is not necessary for a D2D UE to report the simultaneous reception capability to the eNB. But in our understanding the simultaneous reception capability should still be reported together with the supported D2D band information. Many operating bands are defined in TS 36.101 [3] and D2D UEs may have different RF characteristics as well as supported operating bands. So they would need to indicate which bands they can support for D2D and whether simultaneous D2D and cellular reception on the individual bands is feasible.
Proposal 2: An indication of the supported D2D bands should also be reported by the UE to the eNB.
2.2   Signaling of D2D UE capability
A UE may have different capabilities for D2D than for ordinary cellular communication, for the following two reasons:
1. RF filter may be different for cellular communication and D2D since the UE needs to receive the D2D signal on cellular UL bands instead of DL bands.
2. Baseband capabilities may be different since the algorithms for cellular DL Rx and D2D Rx are different. 
This implies that signaling of D2D capabilities is needed.
For a D2D capable UE, there are two types of indication information needed. The first one is the basic information whether the UE supports D2D discovery and/or communication or not. The other one, as indicated in proposals 1 & 2, is about in which bands D2D can be supported and whether the simultaneous D2D and cellular reception on that band is feasible.
The issue of whether the simultaneous D2D and cellular reception on a given band is feasible is similar to the issue of InterFreqBand measurement. For example, when a UE performs reception on band x, it may need a measurement gap to measure the signals of some of the bands and not need a measurement gap on other bands. So the UE needs to indicate to the eNB whether a measurement gap is needed on each band.  Similarly, since a UE receives the D2D signal on the UL carrier instead of the DL carrier of the band, the D2D band looks like a ‘InterFreqBand’ compared to the cellular DL band. So the UE needs to indicate to the eNB whether a measurement gap, or better a D2D reception gap, is needed to receive the D2D signal on the UL carrier of the band.
Assuming that a UE with only a single Rx can perform D2D reception on the UL carrier of the band1, it may be unable to simultaneously perform cellular and D2D reception. In this case it can indicate the capability of D2D reception on band1 and a D2D reception gap is needed, which basically means that the UE is unable to simultaneously perform cellular reception on the DL carrier and D2D on the associated UL carrier for band1. So the eNB would need to configure a D2D reception gap for the UE based on the indication. The UE would be allowed to temporarily abort cellular communication with serving cell and perform the corresponding D2D reception during the D2D reception gap. 
The new IE that indicates whether the UE supports D2D or not could be defined as:
BandInfoEUTRA ::=




SEQUENCE {

D2D                                                                  ENUMERATED {supported}

…
}

The new IE that indicates the capability of simultaneous D2D and cellular reception on each band could be defined as:
D2DBandInfo ::=




SEQUENCE {

D2Dreception-NeedForGaps



BOOLEAN
…
}
Assuming that a 2DL CA capable UE supports cellular reception on band1 and band2 simultaneously without D2D reception, it will indicate the capability of the receiver with a band combination such as {band1, band2}. The frequency range of band1 and band2 is shown in Table 1. If the UE wants to receive D2D signals, it may not support 2DL CA for cellular reception since one of the receivers may be ‘borrowed’ to receive D2D signals. If it can perform D2D reception on the UL frequency band of band1, it can indicate the capability of D2D reception on band1 and that a D2D reception gap is not needed, which means that the UE is able to simultaneously perform cellular reception on the DL carrier and D2D on the associated UL carrier for band1.
Table 1. E‑UTRA operating bands

	E‑UTRA Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low  –  FDL_high
	

	band1
	1920 MHz
	–
	1980 MHz 
	2110 MHz
	–
	2170 MHz
	FDD

	band2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD

	…
	
	
	
	
	
	
	


Based on the analysis above, a UE can indicate the capability of simultaneous D2D and cellular reception on each band in the form of band parameters which contain the need for a D2D reception gap. The need for a D2D reception gap would mean that the UE cannot support simultaneous D2D and cellular reception.  Conversely, no need for a D2D reception gap would mean that the UE can support simultaneous D2D and cellular reception.
Proposal 3: A UE can indicate the capability of simultaneous D2D and cellular reception on each band in the form of band parameters which contain the need for a D2D reception gap.
3   D2D prioritization and interest indication
Several topics related to Stage 2 control plane for D2D communication and discovery were discussed so far. However, issues related to D2D interest indication and prioritization were left for further discussion. For instance the following questions were raised:

· Are IDLE UEs allowed to prioritize D2D carriers?
· Should the UE indicate to the NW whether (and on which carrier) it attempts to perform D2D?

In this section, we first address the D2D prioritization issue in Idle and Connected mode respectively. Then we further analyze the necessity of a D2D interest indication.
3.1   D2D prioritization

Prioritization for Idle Mode UEs
A UE in RRC Idle mode performs cell selection and reselection. The cell (re)selection process should take into account the priority of each applicable frequency of each applicable RAT. In addition to the normal (re)selection rules, a UE applies prioritization rules for the MBMS service. A UE receiving or interested to receive a MBMS service is allowed to consider the frequency of the cells providing MBMS services as of highest priority. Similar prioritization rules may also be applicable for D2D. For example, during the course of cell reselection, UE interested in D2D discovery/ communication may regard the cell or frequency which offers D2D service as of highest priority. 

However, the prioritization handing rules may conflict with each other [4]. For example, if the UE is interested in both MBMS and D2D services and different frequencies are used to provide the MBMS and D2D services, it is hard to decide which frequency should be considered as of highest priority. Similar conflicts were discussed for MBMS and CSG priority handling. And it was finally decided that the handling of prioritization conflicts should be left to UE implementation. In our understanding, the handling of prioritization conflicts among D2D and other services should also be left to UE implementation.
Proposal 4: UEs in Idle mode should consider a frequency prioritization rule for D2D. However, the handling of prioritization conflicts among D2D and other services should be up to UE implementation.
Prioritization for Connected Mode UEs
D2D prioritization is also necessary for UEs in connected mode. In case a UE is interested in many services (e.g. D2D and unicast) and it is incapable of receiving all the interested services due to hardware limitations (as described in the previous section), it may prefer to receive the service that it prioritizes most. In this case, it is necessary for the UE to report its service prioritization to the eNB. In fact it may happen that not all of the eNBs support D2D services in a given area. During a handover procedure, if the UE previously informed the eNB about its prioritization between D2D and other services, the source eNB may use this information to try and find a target cell that supports the D2D service. 
Proposal 5: A UE in Connected mode shall inform the eNB of its prioritization among D2D and other services. 
3.2   D2D interest indication

As analyzed in [5], only if the eNB is made aware of the UE interest in performing D2D discovery monitoring (as well as the of the UE D2D capability), the eNB may decide whether measures should be taken to avoid conflicts between cellular and D2D transmission/reception. Therefore, it is necessary for the UE indicate to the network its interest to perform D2D, and especially D2D monitoring. The UE may transfer the D2D interest indication to the eNB by a new RRC message or reuse the UEAssistanceInformation message. Upon receiving such message, the eNB should try to ensure that the UE performs D2D monitoring/transmitting/handover smoothly, also considering the UE capabilities.

Proposal 6: The UE should indicate to the network its interest to perform D2D monitoring.

4   D2D indication during RRC connection establishment
It has already been agree that the RRC connection establishment procedure will be used by the UE to inform the eNB of the intention to initiate ProSe discovery/communication [6]. But how this is done in detail still needs to be defined. In this section we discuss how to realize a ProSe discovery/communication indication during the RRC connection establishment procedure.
The essential question is whether new establishment cause values in the RRCConnectionRequest message would be required to indicate the intention to initiate ProSe discovery/communication, or whether the existing establishment causes can be reused.
In case of new establishment cause values, two new values could be introduced to indicate the intention to initiate ProSe direct discovery and ProSe direct communication respectively. In this way the eNB could recognize that the RRC connection request is for the purpose of ProSe discovery/communication immediately. However, as discussed a few other times in the past, there are not that many spare values left in the establishment cause and we should be very cautious with the introduction of new values. 
A simpler approach would be to reuse the existing establishment causes values. In this case it is worth mentioning that the legacy establishment cause “highPriorityAccess” is linked to the five special Access Classes (11 to 15) which are allocated to specific high priority users according to TS 22.011[5]. 
	4.2 
Allocation

All UEs are members of one out of ten randomly allocated mobile populations, defined as Access Classes 0 to 9. The population number is stored in the SIM/USIM. In addition, UEs may be members of one or more out of 5 special categories (Access Classes 11 to 15), also held in the SIM/USIM. These are allocated to specific high priority users as follows. (The enumeration is not meant as a priority sequence):


Class
15
-
PLMN Staff;


  -"-
14
-
Emergency Services;


  -"-
13
-
Public Utilities (e.g. water/gas suppliers);


  -"-
12
-
Security Services;

  -"-
11
-
For PLMN Use


It can be noted that Access Classes 12, 13 and 14 are already allocated to services that could be utilized by public safety UEs. More in general, although it is not yet clear which Access Classes will finally be assigned to public safety UEs, it seems quite likely that they will be characterized by one of the special Access Classes from 11 to 15. In this case the establishment cause value for public safety UEs should probably be “highPriorityAccess”. 
Proposal 7: For public safety UEs, the establishment cause in the RRC Connection Request message shall be set to ‘highPriorityAccess’, to indicate the intention to initiate either  ProSe direct discovery or communication.
When it comes to non-public safety UEs (which can only perform ProSe direct discovery), it seems reasonable that they could have the same access priority as normal “MO data” access.
Proposal 8: For non-public safety UEs, the establishment cause in the RRC Connection Request message shall be set to ‘mo-data’, to indicate the intention to initiate ProSe direct discovery.
Since these two proposals anyway have an impact on the NAS layer, it is believed that they should be checked by SA2 and CT1 as well. 
Proposal 9: (if proposal 7 and 8 are agreeable by RAN2) send a LS to SA2 and CT1 to confirm RAN2 understanding on the setting of the establishment cause values for ProSe direct communication and discovery.

5   Conclusion
In this contribution we discussed several issues related to D2D UE capability, D2D prioritization and interest indication and D2D indication during RRC connection establishment. Several proposals have been suggested:
Proposal 1: Considering the impact on eNB scheduler implementation, it is necessary for a D2D UE to report the D2D capability and the simultaneous reception capability to eNB.
Proposal 2: An indication of the supported D2D bands should also be reported by the UE to the eNB.
Proposal 3: A UE can indicate the capability of simultaneous D2D and cellular reception on each band in the form of band parameters which contain the need for a D2D reception gap.
Proposal 4: UEs in Idle mode should consider a frequency prioritization rule for D2D. However, the handling of prioritization conflicts among D2D and other services should be up to UE implementation.
Proposal 5: A UE in Connected mode shall inform the eNB of its prioritization among D2D and other services. 
Proposal 6: The UE should indicate to the network its interest to perform D2D monitoring.

Proposal 7: For public safety UEs, the establishment cause in the RRC Connection Request message shall be set to ‘highPriorityAccess’, to indicate the intention to initiate either  ProSe direct discovery or communication.
Proposal 8: For non-public safety UEs, the establishment cause in the RRC Connection Request message shall be set to ‘mo-data’, to indicate the intention to initiate ProSe direct discovery.
Proposal 9: (if proposal 7 and 8 are agreeable by RAN2) send a LS to SA2 and CT1 to confirm RAN2 understanding on the setting of the establishment cause values for ProSe direct communication and discovery.

6   Reference
[1] 
R2-142759, LS on D2D Multicarrier Capabilities.
[2] RP-140518, Work item proposal on LTE Device to Device Proximity Services, 3GPP TSG RAN #63, March 2014.
[3] 3GPP TS 36.101: Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception.
[4]
R2-142361, Mobility support for D2D communication, Samsung, Qualcomm.
[5]
R2-142200, Discovery Monitoring in RRC Connected State, Samsung

[6]
Draft report of 3GPP TSG RAN2 meeting #86.
[7]
3GPP TS 22.011, Service accessibility, v12.0.0, 2014

3GPP


_1469003050.vsd
�

1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


8


9


0


1


0


8


9


1


2


3


4


5


6



7×


8


9


0


1


2



3×


4


5


6



7×


8


9


0


1


0


8


9


collisions 


collisions 


PDSCH(DL)


PHICH DL


D2D DS signal


cellular signal


PUSCH(UL)



