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1 Introduction
This paper is organized to have email discussion on remaining ProSe UE capability issues 

· [LTE/ProSe] Capability signalling for ProSe (LG)
-
Discuss the open issues regarding capability (FFSs)
-
Discuss whether 1TX vs. 2TX needs to be known to the eNB and why. 
-
Discuss need for capability signalling for Discovery
=>
Intended outcome: Email discussion report and TP to RAN2-88
2 Agreements and working assumption of RAN WGs
Agreements that are relevant to UE capability signaling includes:

RAN1 working assumptions provided in [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.
RAN1 agreements for D2D discovery and communication:
· 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
· From individual UE perspective, on a given carrier D2D signal reception and cellular UL transmission do not use full duplex
RAN1 agreements to be informed to RAN2 after RAN1 #78BIS:
· For Communication and Discovery:

· FFS (UE capability discussion in RAN1) mandatory/optional status of each of the following UE types for UEs that support D2D in Rel-12: 

· UEs with more than 1 tx chain, of which 1 can be used for D2D

· UEs with only a single tx chain

· Note that different capabilities for communication and discovery are not precluded from being discussed

· From a single UE perspective to support multi-carrier operation:

· Case 1: Simultaneous D2D TX on CC1 and WAN TX on CC2 

· 
For UEs with more than 1 tx chain, of which 1 can be used for D2D: Supported from RAN1 perspective (simultaneous WAN + D2D TX)

· Case 2: Simultaneous D2D TX on CC1 and WAN RX on CC2 

· 
Supported from RAN1 perspective (WAN RX + D2D TX)

· Case 3: Simultaneous D2D RX on CC1 and WAN TX on CC2

· 
Supported from RAN1 perspective (WAN TX + D2D RX)

· For UEs with only a single tx chain,

· 
In cases 1 and 2, if the UE is RRC_Connected on a WAN carrier, it does not perform D2D transmission on CC1 

· Note that UL CA capable UEs are assumed from RAN1 perspective not to support UL CA with their maximum number of aggregated carriers simultaneously with D2D transmission on another carrier.

RAN2#87bis agreements:
· The UE capabilities for ProSe will be reflected in UE capability signalling

· 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. 

· 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.

3 Discussion on UE capability 
3.1 D2D communication
Issue#C1: How to indicate supported D2D bands
At the last RAN2 meeting, it was agreed that UE indicates per band combination on which bands the UE supports D2D communication. The signaling details are FFS which need to be discussed here. The following options can be considered:
Option 1) UE indicates a bitmap per band combination, where the bitmap indicates on which band(s) the UE supports ProSe Direct Communication. 
In this option UE indicates a fixed size of bitmap per band combination. Each bit of the bitmap indicates whether D2D is supported in the corresponding band. In this option, UE needs to indicate a separate list of bands on which UE supports D2D communication. UE need to also indicate a bitmap per band combination. Then each bit of the bitmap indicates the support of D2D in the corresponding band in the separate list of supported D2D bands. 
Proposed ASN.1 for option 1)

The running CR is based on the option 1, as captured below:
SupportedBandCombination-v12xy ::= SEQUENCE (SIZE (1..maxBandComb-r10)) OF BandCombinationParameters-v12xy
BandCombinationParameters-v12xy ::=
SEQUENCE {


-- FFS whether it is possible to just have one bit i.e. indicating that prose is supported


--  on all bands of the band combination


proseSupportedBands




BIT STRING (SIZE (1.. maxBands))

}
Besides the addition of the bitstring per BandCombinationParameters, the field proSeSupportedBandList may need to be also introduced to indicate per UE the bands on which UE supports D2D communication in general as below.
ProSe-Parameters-r12 ::=


SEQUENCE {

proSeSupportedBandList




SEQUENCE (SIZE (1..16)) OF FreqBandIndicator-r11,


...

}
Option 2) UE indicates per band combination a list of explicit band indicators (instead of bitmap) indicating bands on which UE supports D2D communication. 
Due to the explicit band indicators in the band combination, UE does not need to indicate a separate list of bands on which UE supports D2D communication. 
Proposed ASN.1 for option 2)
BandParameters-r12 ::= SEQUENCE {


bandEUTRA-r12




FreqBandIndicator,


bandParametersUL-r12


BandParametersUL-r10




OPTIONAL,


bandParametersDL-r12


BandParametersDL-r10




OPTIONAL
ProSeCommuEnabled


ENUMERATED {supported}




OPTIONAL, 
}
Option x) (can be added by companies)

	Issue#C1: How to indicate supported D2D bands?   



	Company
	Preferred option 
	Remarks including reasoning and comments on ASN.1

	ZTE
	2
	We believe option 2 is simpler and might also reduce the required amount of signalling. But also option 1 would work.

	Ericsson
	
	We think the signaling details can be decided once the issues on what the signaling should indicate have been settled.

	Alcatel-Lucent
	1
	Explicit band list for D2D in Option 1 is only needed if it is expected to be different to the existing band list (i.e. supportedBandListEUTRA) used for cellular operation.

	Nokia Corporation/Nokia Networks
	
	We agree with Ericsson

	Qualcomm 
	1
	Please note that: 

1- D2D bands may or may not be a subset of the supported WAN bands. 

2-  We can and should try to reduce the length of bit string per band combination (from maxBands)

Therefore, we think it is better that UE signals a “per-UE” container of variable length for D2D bands (which is typically only a few bands). 

Then, the per WAN band combination signaled value will be a bit string of the same size (of D2D band list) with one to one mapping to the D2D band list.

This is somewhat similar to the way NeedFoGaps is signaled and can reduce the signaling size substantially.

Furthermore, similar to Cat. 6+ and TM10, we should make sure that UE reports non-CA bands in the band combinations, if the UE indicates D2D capability.

	Intel
	1
	We prefer a simple approach. 

	ITRI
	2
	We prefer option 2. However we think UE needs to indicate a separate list of bands on which UE supports D2D communication because a supported D2D band may not be included in the CA band combination, e.g., the band “A” in Issue#C2.

	Microsoft
	Option 2
	Option 2 is based on the current RAN2 agreements.

	Sony
	2
	Explicit indications are needed since D2D may be supported on bands in which WAN is not. 

	LG
	2
	Clear


Note. QC clarified that their position is option1. 
Conclusion#C1: A slight majority for option2 is identified. 
· 5 companies prefer option2 (explicit indication of supported D2D bands, no bitmap)
· 3 companies prefer option1 (bitmap based approach)
· 2 companies require more discussion 

Proposal C1: UE indicates per band combination a list of explicit band indicators (instead of bitmap) indicating bands on which UE supports D2D communication. The essential text proposal to implement this proposal is given below
BandParameters-r12 ::= SEQUENCE {


bandEUTRA-r12




FreqBandIndicator,


bandParametersUL-r12


BandParametersUL-r10




OPTIONAL,


bandParametersDL-r12


BandParametersDL-r10




OPTIONAL
ProSeCommuEnabled-r12

ENUMERATED {supported}




OPTIONAL, 
}
Issue#C2: Interpretation of UE capabilities that indicate support of D2D on multiple bands in a band combination. 
In case UE indicates support of D2D on more than one band in a band combination, it should be clear what this exactly means in terms of supported D2D bands in this case. Some options to interpret this indication are:

Option 1) UE supports the cellular operation as indicated by the band combination together with the D2D operation on any  of the supported D2D bands as indicated by the bitmap. 
For example, if UE indicates that it supports cellular CA band combination {X, Y} and also that it supports D2D on {A, X, Y} by the bitmap for this band combination, this means that UE supports these sub-combinations: {CA with {X,Y}, D2D on A}, {CA with {X,Y}, D2D on X}, {CA with {X,Y}, D2D on Y}.   
Option x) (can be added by companies)
	Issue#C2: Interpretation of UE capabilities that indicate support of D2D on multiple bands in a band combination


	Company
	Preferred option 
	Remarks including reasoning

	ZTE
	
	We agree that this needs to be discussed. Especially if we go for the bitmap approach option 1 is definitely one possibility to interpret the proseSupportedBands

	Ericsson
	1
	We would like to point out that in the example above “{CA with {X,Y}, D2D on X}” could allow D2D to be configured on the serving carrier of band X or on another carrier in band X. We have not identified a need to distinguish the two cases in the capability signaling and hence do not propose any change. 

	Alcatel-Lucent
	1
	

	Nokia Corporation/Nokia Networks
	1
	We think this needs further discussion. Option seems ok if the modification to Option 1 shown above is what was intended by the rapporteur

	Qualcomm
	1
	

	Intel
	1
	We have the same understanding that if the UE indicates the supported ProSe frequency bands in a band combination, it means that the UE can support the band combination and each ProSe supporting band simultaneously. 

	ITRI
	1
	

	Microsoft
	Option1
	

	Sony
	
	Can it really be assumed that D2D is tested on all bands in a band combination? It may be the case that D2D can support band A with CA on X,Y but D2D has not been tested on X or Y.

	LG
	1
	


Conclusion#C2: Most of companies agree with option1
Proposal C2: If UE indicates support of D2D on more than one band in a band combination, it means that the UE shall support the cellular operation as indicated by the band combination together with the D2D operation on any of the supported D2D bands.
Issue#C3: Support of simultaneous reception of cellular and D2D

If eNB receives UE capabilities including a band combination that accounts for supported cellular band(s) and supported D2D band(s), it may need to know whether UE supports simultaneous reception of cellular and D2D as indicated by the band combination or not. 
Option 1) Mandatory support of simultaneous reception:
The UE supports ‘simultaneous’ reception of cellular and D2D as indicated by the band combination. 
With the option1, no further capability signaling is introduced regarding the capabilities for simultaneous reception of cellular and D2D. 

Option 2) Indication of simultaneous reception support:
The UE further indicates whether UE supports simultaneous reception of cellular and D2D as indicated by the band combination. If this is to be indicated, it should be also decided whether this needs to be indicated 1) per supported D2D band per band combination or 2) per band combination or 3) per UE.  
No support of simultaneous reception of cellular and D2D obviously means that UE can only perform reception of either cellular or D2D in TDM manner.  

Option x) (can be added by companies) 

	Issue#C3: Support of simultaneous reception of cellular and D2D


	Company
	Preferred option 
	Remarks including reasoning

	ZTE
	2
	To be consistent with the existing terminology (a band combination indicates the bands where the UE can support simultaneous operation), if the UE indicates ProSe support in one or more bands of a band combination, in principle it should mean that the UE supports ‘simultaneous’ cellular operation and ProSe in that band combination. However, at least for ‘simultaneous transmission’, this is not so obvious and it would probably require additional signaling. We then believe that also for ‘simultaneous transmission’ a specific indication (per supported ProSe band) would be useful.

	Ericsson
	1
	As mentioned in the introduction, RAN1 agreed that a “UE is able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D”. This agreement is applicable for the case where ProSe communication and the Uu serving cell are on the same EUTRA carrier. It ensures good performance without requiring the eNB to schedule Uu transmissions to a ProSe-Communication UE only outside of its RX pools.

We therefore understand that Issue#C3 refers only to the inter-frequency case, i.e., PC5 and Uu are on different EUTRA carriers and we believe that with the same reasoning as for the intra-frequency case, ability to receive Uu and PC5 simultaneously applies also here. 

We would also like to point out that in particular in the inter-frequency case the eNB of the serving cell may not be aware of the ProSe resource configuration on the other carrier (e.g. the roaming scenario discussed in the previous meetings). Beyond the configuration, the eNB will also not be aware of the timing offset between the carriers. In these typical inter-frequency deployment scenarios the eNB could therefore not optimize the Uu DL scheduling for UEs not supporting simultaneous reception.

	Alcatel-Lucent
	1
	For public safety direct communication case, RAN 1 has agreed that the UE should be able to perform simultaneous reception of WAN and D2D. Hence I think the above question is more for the non-public safety direct communication case. For Option 2, it would mean that the UE has to perform dynamic carrier switching for the reception of WAN and D2D if the UE indicates that it cannot perform simultaneous reception for a band indicated as D2D supported for a band combination. Hence we think Option 1 is simple and sufficient for Rel-12.

	Nokia Corporation/Nokia Networks
	
	In Rel-12 only PS communication is possible. So if this issue is for non PS communication as per ALU assumption, then it is not in the scope of this discussion. Ericsson also points out to intra vs inter-freq scenarios and while the question is only about reception Ericsson also talks about Transmission. So this issues needs further clarification by the rapporteur.

	Qualcomm 
	1
	This is what the indication means. if UE signals a D2D band is supported for communications while configured with a WAN band combo, it is signaling the simultaneous Rx support. what other meaning the agreement from the previous meeting would have? 

	Intel
	2
	RAN1 assumes that simultaneous reception is supported for public safety UE. And for discovery, non-public safety UE may not be able to support simultaneous reception. Therefore, the simultaneous reception support should be indicated. 

	ITRI
	1 
	Option 1 is sufficient for Rel-12.

	Microsoft
	
	This relates to the detailed RF usage for D2D and cellular, especially for the case of dedicated ProSe band. Better to wait for RAN4’s input.

	Sony
	1
	

	LG
	1
	Option1 is sufficient for Rel-12.


Conclusion#C3: A clear majority for option1 is identified
· 6 compnies prefer option1

· 2 companies prefer option2
· 1 company think this discussion is out of scope of Rel-12
Proposal C3: The UE capabilities including a band combination that accounts for supported cellular band(s) and supported D2D band(s means that the UE shall support ‘simultaneous’ reception of cellular and D2D as indicated by the band combination.
Issue#C4: Support of simultaneous transmission of cellular and D2D
If eNB receives UE capabilities including a band combination that accounts for supported cellular band(s) and supported D2D band(s), it may need to know whether UE supports simultaneous transmission of cellular and D2D as indicated by the band combination or not. 
Option 1) Mandatory support of simultaneous transmission: The UE supports ‘simultaneous’ transmission of cellular and D2D as indicated by the band combination. 

With this option1, no further capability signaling is introduced regarding the capabilities for simultaneous transmission of cellular and D2D. 

Option 2) Indication of simultaneous transmission support: The UE further indicates whether UE supports simultaneous transmission of cellular and D2D as indicated by the band combination. If this is to be indicated, it should be also decided whether this needs to be indicated 1) per supported D2D band per band combination or 2) per band combination or 3) per UE.  
No support of simultaneous transmission of cellular and D2D obviously means that UE can only perform transmission of either cellular or D2D in TDM manner.  
Option x) (can be added by companies) 

	Issue#C4: Support of simultaneous transmission of cellular and D2D


	Company
	Preferred option 
	Remarks including reasoning

	ZTE
	2
	At least for ‘simultaneous transmission’ we think that a specific indication (per supported ProSe band) would be useful.

	Ericsson
	1
	The RAN1 agreements cited above do not mention whether simultaneous transmission on PC5 and Uu is mandatory – neither for the intra- nor for the inter-frequency case. 

However, for the intra-frequency case RAN1 agreed that “For multiplexing of a D2D signal and WAN signal on a given carrier … FDM shall not be used”. That means a UE is not required to transmit Uu uplink and PC5 uplink on the same carrier simultaneously. As mentioned in the introduction section of this document it is clarified 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”. However, since the eNB knows the configuration and timing of the ProSe-Communication transmission on its own cell, most of such collisions can in principle be avoided. 

We therefore think that also Issue#C4 focuses on the inter-frequency scenarios. And with the same reasoning as for the simultaneous reception we consider it important that UEs support parallel transmission of Uu UL on their serving cell and PC5 on another carrier. As discussed for Issue#C3, in the most typical inter-frequency scenarios (roaming case), the eNB will not be aware of the ProSe configuration nor of the timing. Hence, the eNB cannot assist a UE not supporting parallel transmission to avoid collisions. 

We do understand though that it may be challenging to realize simultaneous uplink transmission for certain band combinations. For some scenarios, the transmit power may need to be reduced quite significantly in order to fulfill e.g. out of band emission requirements. In such cases, we consider it vital that the Uu transmission is prioritized. RAN1 has already agreed to that by confirming that “In D2D WI in Rel-12, no change in 36.213 to PC for cellular UL transmissions compared to Rel-11”.

	Alcatel-Lucent
	1
	Likewise as the reception case, we think that if the UE indicates support of D2D for a band associated with a band combination, it should be able to support simultaneous transmission of WAN on any band indicated in the band combination and the D2D band supported.

	Nokia Corporation/Nokia Networks
	2
	2TX support should not be assumed so for simultaneous transmission we think that a specific indication (per supported ProSe band) would be useful. 

	Qualcomm
	2 (indicated by rapporteur)
	We are OK with addition of a new per band combination capability bit for simultaneous Tx support.

We think that such indication can also be per UE rather, since the TDM based mechanism for Tx is only applicable to serving frequencies (intra-frequency). 

	Huawei/HiSilicon
	2
	 

	Intel
	1 for multi-carrier operation
	We understand that RAN1 LS means that simultaneous D2D and cellular Tx in multi-carrier operation is only possible by the UE with more than 1 Tx chain. 

In case of single carrier operation, TDM should be supported because RAN1 assumes that the UE does not transmit WAN and D2D on the same carrier simultaneously. Therefore, it seems that it does not require to distinguish 1 tx or 2 Tx in single carrier operation. However, we need to check with RAN1 if there is issue regarding switching between WAN and D2D with single carrier so that eNB may need to know whether the UE supports only 1 Tx or multiple Tx. 

	ITRI
	2 
	

	Microsoft
	
	This relates to the detailed RF usage for D2D and cellular, especially for the case of dedicated ProSe band. Better to wait for RAN4’s input.

	Sony
	2
	

	LG
	2
	


Conclusion#C4: A clear majority for option2 is identified, i.e. UE shall indicate simultaneous transmission support
· 7 companies prefer option2
· 3 companies prefer optoon1

· 1 company require further discussion in RAN4

Proposal C4: UE shall indicate simultaneous transmission support of cellular and D2D, i.e. no mandatory support of simultaneous transmission of cellular and D2D is required. It is FFS whether the indication is per UE or per band combination or per band. 
Issue#C5: Should eNB know whether UE supports only 1TX or multiple TX? Why?
This is a given issue to be discussed with this email discussion. It seems that this issue is closely related to issue#C4 as multiple TX capabilities may allow simultaneous transmission of cellular and D2D. Then for issue#C5, we can discuss what is not covered in other issues (including issue#C4), regarding transmission capabilities. Options are simply as follows:
Option1)  eNB should know whether UE supports only 1TX or multiple TX. 
Option2)  eNB does not need to know whether UE supports only 1TX or multiple TX

	Issue#C5: Should eNB know whether UE supports only 1TX or multiple TX? Why?


	Company
	Preferred option 
	Remarks including reasoning

	ZTE
	2
	A UE never indicates how many TXs it has in current specification. And RAN4 does not define RF parameters per TX but per band / band combination (so in case we should ask RAN4 first).
It would be sufficient to indicate whether the UE supports ‘simultaneous transmission’ on a given supported ProSe band, as addressed in issue#C4.
(things would probably be different in case of a decision to explicitly allow a dedicated ProSe receiver/transmitter that can be only used for ProSe. In this case we could consider to inform the eNB)

	Ericsson
	2
	As explained for Issue#C4 we consider simultaneous UL transmission essential for reliable ProSe performance. Even if it turns out to be particularly challenging to support 2TX (with good performance) for certain band combinations, the eNB will not be able to avoid collisions of Uu TX and PC5 TX in typical inter-frequency scenarios. Therefore, we see no benefit of indicating 1TX vs. 2TX support in UE capabilities. 

If there are practical limitations for a particular band combination (e.g. significant power back-off required for avoiding excessive out of band emissions), this will likely apply to all UEs. Hence an eNB could try to avoid serving a UE indicating interest in ProSe on a certain carrier with a Uu carrier that results in a challenging combination. Therefore, the agreement reached in the last RAN2 meeting is important: the UE indicates for which band combinations it supports ProSe and where it intends to perform ProSe. Additional information does not seem beneficial for ProSe communication. 

	Alcatel-Lucent
	2
	We do not think further information is required on top of the D2D bands supported associated with a band combination.

	Nokia Corporation/Nokia Networks
	2
	It would be sufficient to indicate whether the UE supports ‘simultaneous transmission’

	Qualcomm 
	
	We believe that it is more important for the eNB to know what operation the UE can support, instead of single Tx or multiple Tx support. We also note that since communications is used for speech transmission, we note that in reality the 1Tx capability is mostly useful for intra-frequency communications and WAN (where eNB is aware). 

Therefore, we think that the existing D2D communication capability framework plus potentially Option 2 of #C4 (Indication of simultaneous transmission support) would be sufficient. However, if most of the company agree that separation of inter- and intra-frequency is not necessary, we will not object and option 2 would be acceptable too. 

	Huawei/HiSilicon
	2
	Number of transmitters seems to be redundant

	Intel
	2
	As commented in #C4, there is no case where the eNB needs to know about 1 tx or multiple tx via explicit signaling especially in case of multi-carrier operation. 

	Coolpad
	2
	 We think for Rel-12, it seems no strong needs to let eNB know whether UE support 1TX or 2TX

	ITRI
	2
	Indication of simultaneous transmission support is sufficient. 

	Microsoft
	
	Related to Issue#C4. Should wait for RAN4’s input. It would be sufficient for eNB to know whether simultaneous transmission of cellular and D2D is supported or not. 

	Sony
	2
	

	LG
	2
	


Conclusion#C5: All companies prefer option2

Proposal C5: eNB does not have to further know whether UE supports only 1TX or multiple TX other than supported band combinations. 
Issue#C6: How to address reduced cellular capabilities due to D2D operations.  

Given the UE capabilities that are available for cellular communication without performing any D2D operation, the UE cellular capabilities may be reduced once UE starts to perform D2D operation. In other words, the available capabilities for cellular communication would be different depending on whether UE performs D2D operation or not. The affected capabilities are mainly band parameters, e.g. MIMO capabilities. To avoid eNB to have incorrect knowledge on UE capabilities, this issue should be properly addressed. Considering the size of the capability signaling and lack of time give to us for discussion, simpler but workable options should be provided and preferred. The followings are suggested options to handle this:    

Option 1)  Signaling of potentially Lower Capabilities:
UE indicates in each band parameters of a band combination “potentially down-graded” cellular capabilities. The “potentially down-graded” cellular capabilities are defined such that UE should support these capabilities irrespective of whether or not UE performs D2D operations on any supported D2D band. It seems necessary for UE to indicate “down-graded” cellular capabilities per band per band combination. 
Option 2) Signaling of Dual Capabilities: 
UE may indicate in each band parameters of a band combination both 1) regular cellular capabilities that are possible possibly without D2D communication and 2) down-graded” cellular capabilities that are possible with D2D operation (or equivalently capability reduction information). It seems necessary for UE to indicate this dual capability per band per band combination for bands UE supports D2D communication. Depending on when UE informs eNB of the 2) “down-graded” cellular capabilities, there are two options

Option 2a) UE reports dual capabilities as part of UE capability signaling.

Option 2b) UE reports the “down-graded” cellular capabilities once UE becomes interested in D2D communication (e.g. in UEProSeInformation message). 
Option x) (can be added by companies)

	Issue#C6: How to address reduced cellular capabilities due to D2D operations?  



	Company
	Preferred option 
	Remarks including reasoning

	ZTE
	2a
	A simple and direct way is that the UE informs the eNB of the new (“down-graded”) cellular capability when involved in ProSe operation.
Considering that a ProSe UE doesn’t always perform ProSe operation, the eNB needs to know both the cellular capability with no simultaneous ProSe operation and the “down-graded” cellular capability with simultaneous ProSe operation separately. It seems necessary for a UE to indicate this dual capability (unless we accept to always indicate down-graded capabilities, as in Option 1).
Since the UE involvement in ProSe operation may change frequently, we think that option 2b is not suitable.

	Ericsson
	Option 1
	This was discussed briefly in the last RAN2 meeting and some UE vendors indicated that they do not believe that Option 1 would result in a duplication of all existing band combinations (once with and once without ProSe). The reasoning was as follows: Even without ProSe, UE supporting aggregation of three downlink and two uplink carriers will anyway include all possible sub-combinations with two and one carrier. If this UE is configured with ProSe it will most likely reserve an UL and DL chain for PC5. Therefore, it will only indicate in the/some 2DL+1UL band combinations that it supports ProSe whereas the higher order combinations remain unchanged. 

We support this reasoning and therefore consider Option 1 to be viable. 

	Alcatel-Lucent
	2b
	Our preference is to provide the reduced capability in the UEProSeInformation message when the UE is intending to perform D2D.

	Nokia Corporation/Nokia Networks
	
	D2D operations should not affect cellular capabilities so dual capabilities or potentially Lower Capabilities are not needed. We would like to point out that in 36.300 we have agreed that Uu operations are not impacted when doing D2D operations. So this issue needs further discussion in RAN2.

	Qualcomm
	1
	We think that this was discussed during the previous meeting. Even though it is preferable to consider options 2a and 2b, at least for Rel-12, we agreed that option 1 is the way forward due to the very limited time we have in the last meeting. 

	Huawei/HiSilicon
	2a, 1
	2a is preferable, but option 1 may also be acceptable for Rel-12

	Intel
	Not sure
	Reduced CA capability is implicitly indicated with ProSe supporting frequency bands per band combination. We are not clear in which case only MIMO capability is reduced while CA capability is maintained. We understand that RAN1 is still under discussion on the impact to LTE capabilities e.g. peak data rate, soft buffer size etc. We would like to discuss once RAN1 provides more information. 

	ITRI
	1 or 2a
	

	Microsoft
	
	We prefer to discuss this issue after RAN4 provides more detailed information on which cellular capabilities are impacted.

	Sony
	1
	Agree with QC comment

	LG
	2a, 1
	


Conclusion#C6: 
· 5 companies prefer or fine with option1
· 4 companies prefer or fine with option2a
· 1 companies prefer 2b 
· 2 companies require further discussion in RAN2/RAN4. 

Proposal C6: Choose between option1 and 2a for the issue of addressing reduced cellular capabilities due to D2D operations. 
· Option 1)  Signaling of potentially Lower Capabilities

· Option 2) Signaling of Dual Capabilities
Issue#C7: FFS whether there are two per-UE capability bits indicating support/IOT for mode-1 and mode-2.
Currently it is FFS whether we introduce only one or two bits regarding UE capabilities for resource allocation schemes (mode1 and mode2 in legacy terminologies). So far we did not assume that UE can only support either of scheduled resource allocation or autonomous resource allocation. Instead, UE needs to support both resource allocation schemes in order to be able to operate properly in different network configuration/implementation. Nevertheless, two per UE capabilities may be also requested because capability bit indicates capability itself and IOT status as well. It was expressed that single bit capability might delay introduction of D2D communication feature due to lack of IOT opportunities for one resource allocation scheme while another is being ready. Companies are requested to express view on this. 
Option 1) two bits indicating support/IOT of mode1 and mode2 respectively

Option 2) one bit indicating support/IOT of both mode1 and mode2 

Option x) (can be added by companies) 

	Issue#C7: Whether there are two per-UE capability bits indicating support/IOT for autonomous resource allocation and eNB scheduled resource allocation for D2D communication.


	Company
	Preferred option 
	Remarks including reasoning

	ZTE
	1 (assumed by rapporteur)
	We are open to consider 2 bits for IOT. But we also think that a UE supporting ProSe communication should always support both autonomous and scheduled resource allocation and we would prefer to clarify this in the specs even if we introduce 2 bits for IOT.

	Ericsson
	2
	

	Orange
	2
	Agree with ZTE that UE supporting ProSe communication should always support both autonomous and scheduled resource allocation. One bit is the preferred option.

	Nokia Corporation/Nokia Networks
	2
	No need to distinguish mode1 and mode2 i.e. both modes shall be supported by UE

	Qualcomm
	1
	Product delivery timelines indicate that we need separate IoT indications. 

	Huawei/HiSilicon
	2
	Agree with Nokia. Furthermore, it is not clear what value these different indications would bring to IoT. Somewhat different than other capabilities, a D2D UE can be communicating with multiple other UEs simultaneously. As each of these individual UEs may transmit using mode 1 or mode 2, it is clear that interoperability must include testing of both options.

	Intel
	1
	We think the mode 1 and mode 2 may have different IOT opportunities. 

	Coolpad
	2
	We tend to assume that UE should support two modes thus option 2 is OK.  However, 2 bits for IOT is acceptable for us.

	Microsoft
	Option 1
	Two bits are simple and clear.

	Sony
	1
	Option 2 makes no sense taking into account IoT

	LG
	1
	


Note that in the running 36.31 CR, two bits are currently captured as below:

ProSe-Parameters-r12 ::=



SEQUENCE {


comm-ScheduledResourceAlloc-r12


ENUMERATED {supported}

OPTIONAL,


comm-UE-SelectedResourceAlloc-r12

ENUMERATED {supported}

OPTIONAL

}
Conclusion#C7: A slight majority for option2 is identified. Considering no one-sided consensus and UE vendors’ preference, more safe approach seems to have two bits for now. 
· 5 companies prefer option2

· 6 companies prefer option1
Proposal C7: To discuss if should be fine to introduce 2bits indicating support/IOT for mode-1 and mode-2 respectively.
Issue#Cx: (company proposed issue)
[FFS]
3.2 D2D discovery
Issue#D1: Need for indication of bands on which UE supports D2D discovery
To ensure the reasonable performance for inter-frequency D2D discovery whenever possible, it may be considered that UE indicates a list of bands on which UE supports D2D discovery. On the other hand, given the assumption that D2D discovery is only best-effort basis, it may be claimed that UE does not have to provide such detailed information. So we can decide between option1 and option2 below. 
Option1) UE informs the bands on which UE supports D2D discovery. 
If the option1 is taken, the following sub-options can be considered likewise it is done for D2D communication. 

Option 1a) Bitmap per band combination 

Option 1b) Explicit list of D2D supported bands per band combination 
Option2) UE does not indicate bands on which UE supports D2D discovery. 

With this option, network does not know the supported band combination which takes both cellular operation and D2D discovery taken into account. One consequence would be that network is not aware of in which band combination cellular operation and D2D operation can be performed simultaneously.
Option 3) (can be added by companies)

	Issue#D1: Need for indication of bands on which UE supports D2D discovery

	Company
	Preferred option 
	Remarks including reasoning and comments on ASN.1

	ZTE
	2
	We assume that for a UE capable of both ProSe communication and ProSe discovery, the bands where ProSe discovery is supported would be the same where ProSe communication is supported. This is because both ProSe discovery and communication use the UL portion of the band and then RF requirements are expected to be the same. If this is the case (to be confirmed by RAN4), there is no need to explicitly indicate the bands on which ProSe discovery is supported.
Even if this is not the case, there is probably no need to inform the eNB about the bands on which ProSe discovery is supported.

	Ericsson
	2
	RAN2 decided that UEs send their ProSe Discovery messages on the uplink spectrum of their serving cell (PCell). We consider this to be possible with any existing Uu UL transmitter chain. Hence, a UE supporting ProSe Discovery shall be able to support Discovery transmission on its PCell independent on which band the PCell is configured (within the E-UTRA band list).

Since UEs’ serving carriers are expected to be distributed across the carriers used in that PLMN, and since each UE sends discovery messages on its serving cells, it is vital that UEs attempt to receive discovery messages on all carriers (of that PLMN and possible neighbor PLMNs in the same area). In other words, a UE supporting ProSe Discovery shall be able to support Discovery reception on all its supported carriers in the E-UTRA band list (not simultaneously).

With these proposals are agreeable, we see no need to inform the eNB about the UE’s discovery capabilities. Based on the ProSe discovery indication, the eNB will still be aware on which carriers the UE attempts to receive discovery messages and may adjust DRX accordingly.

	Alcatel-Lucent
	1b (assumed by rapporteur)
	UE just indicates a list of bands that the UE supports D2D discovery annoucement. This can be in capability signalling or in the UEProSeInformation message.

	Nokia Corporation/Nokia Networks
	2
	ProSe discovery messages are transmitted on the Pcell frequency so no need to indicate the bands. We don’t see the need for eNB to know the Prose Discovery reception capabilities. 

	Qualcomm
	1
	First of all, we need to distinguish intra-frequency discovery with inter-frequency discover even when the frequencies are on the same band.
Secondly, it 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.
Furthermore, RAN1’s recent agreement contradicts RAN2’s in the need for DRX on intra-frequency discovery, which we think would need an additional capability. 

	Huawei/HiSilicon
	2
	Option 2 seems sufficient.

	Intel
	1a
	We think that it may be future-proof to have the same UE capability signaling structure with D2D communication, e.g. to indicate discovery support on public safety carrier or to use it as IOT availability.  

	Coolpad
	2
	We think that in Rel-12 ProSe discovery is only specified for in-coverage scenario and discovery message transmission are conducted in the PCell.  No need to inform eNB about its capability of discovery in different bands.

	ITRI
	2
	We agree with Ericsson. Besides, for inter-frequency discovery reception, we think eNB may know whether UE is capable of simultaneous reception and then provides suitable DRX opportunities based on UE’s CA capability.

	Microsoft
	Option 2
	This depends on whether UE can retune RF from all DL cellular bands to UL bands for discovery reception

	Sony
	1b
	Should use the same approach for both communication and discovery

	LG
	1b
	


Conclusion#D1: A slight majorityfor option2 is identified. 
· 7 companies prefer option2

· 5 companies prefer option1 (a/b)
Proposal D1: Discuss whether it is fine if UE does not indicate bands on which UE supports D2D discovery
Issue#D2: Whether UE needs to separately indicate supported bands for D2D communication and D2D discovery respectively?
Considering the commonality of the basic capabilities UE needs to support for D2D operation, it is questionable whether RF capabilities (e.g. supported D2D bands) need to be signaled separately for D2d communication and D2D discovery. 

Note that this issue is only valid if we conclude for issue#D1 such that UE informs the bands on UE supports D2D discovery. In case this issue is valid, the following options can be considered:
Option 1) UE informs the bands on which UE supports D2D discovery, separately from the signaling of the bands on which UE supports D2D communication. 

With this option, for example, if UE supports both D2D communication and D2D discovery, UE indicates supported bands for D2D communication and supported bands for D2D discovery separately. 

Option2) UE informs the band on which UE supports D2D discovery unless UE indicates supported bands for D2D communication. 

This option implies that UE supporting D2D communication on one band should support D2D discovery on the same band if UE is capable of D2D communication and D2D discovery.  

Option 3) 
No need to indicate supported bands for ProSe discovery (there is only one bit to indicate support for ProSe discovery).
Option 4)
According to Issue#D1: The UE does not inform the eNB of an explicit list bands for which it supports D2D Discovery. The UE informs the eNB of a list of bands for which it supports D2D Communication.
	Issue#D2: Whether UE needs to separately indicate supported bands for D2D communication and D2D discovery respectively?


	Company
	Preferred option 
	Remarks including reasoning

	ZTE
	3
	

	Ericsson
	4
	

	Alcatel-Lucent
	1
	For discovery, a bitmap signalling can be used to link to the supported band list

	Nokia Corporation/Nokia Networks
	3
	

	Qualcomm
	1 (indicated by rapporteur)
	As long as we have different bits per band combination that indicate the support of discovery and/or communications on D2D bands, we have enough signaling freedom.

The reason for different indications is that support of discovery does not imply the support of communication. 

	Huawei/HiSilicon
	2
	Do we expect a UE to have different bands where it can support discovery and communication? We think it is sufficient for the UE to indicate if it supports only discovery but not communication (Rel. 12 commercial UE), or it supports both (Rel. 12 PS UE), and the band combinations for which D2D services are supported.

	Intel
	
	The UE can indicate whether discovery and/or communication is supported in each ProSe supporting frequency bands. 

	Coolpad
	3
	

	ITRI
	3
	

	Sony
	1
	Need separate indications since testing may not have been done on the same bands. Can optimize by only including delta in asn1 signalling

	LG
	1
	


Conclusion: 

· 4 companies prefer option1

· 4 companies prefer option3
· 1 company prefers option4
· 1 company prefer opton2
· 1 company prefer having UE indicate whether discovery and/or communication is supported in each ProSe supporting frequency bands 
Proposal D2: Choose between option1 and option3
· Option 1) UE informs the bands on which UE supports D2D discovery, separately from the signaling of the bands on which UE supports D2D communication. 

· Option 3)  No need to indicate supported bands for ProSe discovery (there is only one bit to indicate support for ProSe discovery).
Issue#D3: FFS whether there are two per-UE capability bits indicating support/IOT for type-1 and type-2
We need to also ask whether we introduce only one or two bits regarding UE capabilities for resource allocation schemes (type1 and type2 in legacy terminologies). If we follow what has been done for D2D communication in current running 36.331 CR, the following per UE two capability bits could be also introduced for D2D discovery. Companies are requested to express view on this. 
ProSe-Parameters-r12 ::=



SEQUENCE {


comm-ScheduledResourceAlloc-r12


ENUMERATED {supported}

OPTIONAL,


comm-UE-SelectedResourceAlloc-r12

ENUMERATED {supported}

OPTIONAL,


disc-ScheduledResourceAlloc-r12


ENUMERATED {supported}

OPTIONAL,


disc-UE-SelectedResourceAlloc-r12

ENUMERATED {supported}

OPTIONAL
}
Option 1) two bits indicating support/IOT of type-1 and type-2 respectively

Option 2) one bit indicating support/IOT of both type-1 and type-2 

Option x) (can be added by companies) 

	Issue#D3: Whether there are two per-UE capability bits indicating support/IOT for autonomous resource allocation and eNB scheduled resource allocation for D2D discovery.


	Company
	Preferred option 
	Remarks including reasoning

	ZTE
	1 (assumed by rapporteur)
	We are open to consider 2 bits for IOT. But we also think that a UE supporting ProSe discovery should always support both autonomous and scheduled resource allocation and we would prefer to clarify this in the specs even if we introduce 2 bits for IOT.

	Ericsson
	2
	If option 2 is agreeable, one could even discuss, not to have any explicit capability indication but to determine support for ProSe discovery only based on the reception of a ProSe discovery indication. 

	Orange
	2
	Similar as ZTE we think that UE supporting ProSe discovery should always support both autonomous and scheduled resource allocation. One bit is the preferred option.

	Nokia Corporation/Nokia Networks
	2
	

	Qualcomm
	1
	IoT and product delivery timelines may dictate the different support. 

	Huawei/HiSilicon
	2
	Agree with Orange

	Intel
	2
	We don’t have strong view, but we don’t think type 2 is so complicated feature that needs a separate IOT. 

	Coolpad
	2
	We think UE should support both type-1 and type-2.  However, 2 bits for IOT is acceptable for us.

	Microsoft
	Option 1
	Two bits are simple and clear.

	Sony
	1
	Option 2 makes no sense when taking IoT into account.

	LG
	1
	


Conclusion#D3: Almost evenly split
· 5 companies prefer option1

· 6 companies prefer option2
Proposal D3: To discuss if it should be fine to have two bits indicating support/IOT of type-1 and type-2 respectively
Issue#Dx: (company proposed issue)

[FFS]
3.3 Other

Issue#O1: D2DSS transmission capability
To support inter-cell D2D communication/discovery and out-of-coverage D2D communication, some UE needs to transmit D2DSS. To enable this eNB can configure some UEs to transmit D2DSS or UE in some circumstances (under radio condition below threshold) needs to transmit D2DSS if capable. So the UE capability on D2DSS transmission needs to be also discussed. The following options are considered:
Option 1) Mandatory support for ProSe enabled UE:
If UE is ProSe enabled UE, it shall support D2DSS transmission. Depending on what ProSe enabled UE here is intended to mean, further options can be considered:
Option1a) If UE supports either ProSe Direct Communication or ProSe Direct Discovery, it shall support D2DSS transmission.

Option1b) If UE supports ProSe Direct Communication, it shall support D2DSS transmission.

Option1c) If UE supports ProSe Direct Discovery, it shall support D2DSS transmission.

Option 2) Indication of D2DSS transmission support: 
UE indicates whether it supports transmitting D2DSS.
	Issue#O1: D2DSS transmission capability indication


	Company
	Preferred option 
	Remarks including reasoning

	ZTE
	1a
	

	Ericsson
	1a
	

	Alcatel-Lucent
	1a
	

	Nokia Corporation/Nokia Networks
	1a
	

	Qualcomm
	2
	 

	Huawei/HiSilicon
	
	Since D2DSS is a physical layer channel, RAN2 should liaise with RAN1 to see which option is more suitable to address their needs.  

	Intel
	2
	We think that it is not necessary for all UEs to support D2DSS functionality. Some UE may support communication or discovery only. In addition, in synchronized deployment scenario within network coverage, D2DSS is not essential for inter-cell D2D communication/discovery. Therefore, we think that have D2DSS transmission/reception should be optional feature. 

	ITRI
	1a
	

	Microsoft
	Option 1a
	We think D2DSS transmission does not bring extra complexity compared to D2D communication and discovery transmission.

	Sony
	2
	Again, need to consider IoT

	LG
	2
	


Conclusion#O1: A slightly majority for option1a is identified, but UE vendors prefer option2. 
· 6 companies prefer option1a

· 4 companies prefer option2

· 1 company requires further input from RAN1
Proposal O1: To discuss whether D2DSS transmission capability is optional or conditionally mandatory
Issue#Ox: (company proposed issue)
Qualcomm: There is a large discrepancy between RAN2 and the most recent RAN1 agreement for discovery which would impact the capability discussions. 

We would like to point out the below items have to be discussed in RAN2 as a part of capability discussion for discovery as well. 

RAN2 previously agreed that: 

	RAN2 Agreements: 

1- Intra- and inter-frequency (and inter-PLMN) ProSe reception does not affect Uu reception (e.g. UEs use DRX occasions in IDLE and CONNECTED to perform ProSe discovery reception or it uses a second RX chain if available). 

2- The UE shall not create autonomous gaps.


On the other hand, RAN1 has agreed that: 

	RAN1 #78bis Agreements: 

For FDD carriers:

1- At least for UEs with a single Rx chain (FFS subject to the UE capability discussion whether this also applies for UEs with a shared D2D/cellular Rx chain), a UE that is receiving D2D discovery signals on an UL carrier is not expected to read DL signals on the DL carrier paired to such UL carrier during the subframes belonging to the D2D discovery pools on that UL carrier as well as one subframe preceding and following these subframes.

2- The discovery pools are configured by the eNB by broadcast or UE-specific signaling

· FFS: For RRC_CONNECTED UEs, 1 bit may be signalled using RRC signaling indicating whether this rule applies or not (on a per UE basis)

3- Cellular measurement gaps subframes are excluded from this rule

4- Paging reception is prioritized over D2D reception

RAN1’s Previous Agreements: 

5- 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

6- From individual UE perspective, on a given carrier D2D signal reception and cellular UL transmission do not use full duplex



Rapporteur agrees that RAN2 need to discuss the UE action which seems to allow UE to create autonomous gap for D2D discovery monitoring. (highlighted part)
Proposal O2: RAN2 discuss the UE action which seems to allow UE to create autonomous gap for D2D discovery monitoring. (highlighted part) and its impact of UE capability signaling. 

Proposals

D2D communication
Proposal C1: UE indicates per band combination a list of explicit band indicators (instead of bitmap) indicating bands on which UE supports D2D communication. The essential text proposal to implement this proposal is given below:
BandParameters-r12 ::= SEQUENCE {


bandEUTRA-r12




FreqBandIndicator,


bandParametersUL-r12


BandParametersUL-r10




OPTIONAL,


bandParametersDL-r12


BandParametersDL-r10




OPTIONAL
ProSeCommuEnabled-r12

ENUMERATED {supported}




OPTIONAL, 
}
Proposal C2: If UE indicates support of D2D on more than one band in a band combination, it means that the UE shall support the cellular operation as indicated by the band combination together with the D2D operation on any of the supported D2D bands.
Proposal C3: If UE indicates UE capabilities including a band combination that accounts for supported cellular band(s) and supported D2D band(s), it means that the UE shall support ‘simultaneous’ reception of cellular and D2D as indicated by the band combination.
Proposal C4: UE shall indicate simultaneous transmission support of cellular and D2D, i.e. no mandatory support of simultaneous transmission of cellular and D2D is required. It is FFS whether the indication is per UE or per band combination or per band.
Proposal C5: eNB does not have to further know whether UE supports only 1TX or multiple TX other than supported band combinations. 
Proposal C6: Choose between option1 and 2a for the issue of addressing reduced cellular capabilities due to D2D operations:
· Option 1) Signaling of potentially Lower Capabilities

· Option 2) Signaling of Dual Capabilities
Proposal C7: To discuss if should be fine to introduce 2bits indicating support/IOT for mode-1 and mode-2 respectively.
D2D discovery
Proposal D1: Discuss whether it is fine if UE does not indicate bands on which UE supports D2D discovery
Proposal D2: Choose between option1 and option3 regarding the issue Whether UE needs to separately indicate supported bands for D2D communication and D2D discovery respectively:
· Option 1) UE informs the bands on which UE supports D2D discovery, separately from the signaling of the bands on which UE supports D2D communication. 

· Option 3) No need to indicate supported bands for ProSe discovery (there is only one bit to indicate support for ProSe discovery).
Proposal D3: To discuss if it should be fine to have two bits indicating support/IOT of type-1 and type-2 respectively
Others

Proposal O1: To discuss whether D2DSS transmission capability is optional or conditionally mandatory

Proposal O2: To discuss the UE action which allows autonomous gap created by UE for D2D discovery monitoring. and its impact on UE capability signaling. 
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