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1.
Introduction
This contribution discusses on V2X UE capabilities as shown below.

[97bis#17][LTE/V2X] – V2X UE capabilities – LG

-
Agree on PC5 band combination signalling

-
Confirm whether SLSS capability is signalled per band or per UE

-
Confirm how to handle no-sensing capability singaling

-
Review CR capturing UE capability


Deadline:  27/04/2017

2.
Discussion 
2.1 PC5 band combination signalling
For PC5 band combination signalling, the following was agreed in the last meeting.
	a)
The PC5 band combination for one Uu band combination for simultaneous transmission on Uu and PC5

b)
The PC5 band combination for one Uu band combination for simultaneous reception on Uu and PC5

c)
The bandwidth class for PC5 band combination for a) and b)

d)
UE signals PC5 band combination for simultaneous PC5 sidelink transmission.  Signalling details are FFS

e)
UE signals PC5 band combination for simultaneous sidelink reception.  Signalling details are FFS


In order to signal the above combination, multiple options could be considered. Please refer to the attached ASN.1 of each option to understand the option better. Different point is highlighted with yellow in each ASN.1.
Question 1: Companies are invited to select preferred option for PC5 band combination signalling.
Option 1) For a) and b), v2x-SupportedTxBandCombListPerBC-r14 and v2x-SupportedRxBandCombListPerBC-r14 within BandCombinationParameters-v14xy is used.
In this option, capability signalling of d) and e) is not supported. At least one Uu band combination is present for each PC5 band combination.

Following option 2) and option 3) support signalling of a), b), d) and e).

Option 2) For signalling of a) and b), BandCombinationParameters-v14xy is used. For d) and e), additionally list v2x-SupportedTxBandCombinationList-r14 and v2x-SupportedRxBandCombinationList-r14 is used within SL-Parameters-v14xy.

Option 2-1) For signalling of a) and b), BandCombinationParameters-v14xy is used. For d) and e), one list v2x-SupportedBandCombinationList-r14 is used within SL-Parameters-v14xy, which includes including both Tx an Rx configuration choices together.

Option 3) v2x-SupportedTxBandCombinationList-r14 and v2x-SupportedRxBandCombinationList-r14 is used to indicate d) and e). Additionally, supportedBandCombListPerV2XBC-r14 within v2x-SupportedTxBandCombinationList-r14/ v2x-SupportedRxBandCombinationList-r14 indicates a) and b). 
Option 4) Any suggestion? (If you choose this option, please provide your suggested ASN.1)
	Company name
	Preferred option
	Comments

	Qualcomm
	2-1
	Among the three options, Option 2 provides the most flexibility and also follows the similar design adopted in Rel-13 D2D Signalling. We agree in principle with Option 2. 
But there are one issue with using two independent IE “v2x-SupportedTxBandCombinationList” and “v2x-RxSupportedBandCombinationList”. In RF design, there could be constraint that when UE receive in sidelink band A+B simultaneously, it may be able to perform sidelink Tx in band A, but not sidelink TX in band B. Thus having two independent lists is unable to represent this kind of RF capability constraint exactly. Hence, we propose to combine those two separate lists in a single combined list including both Tx an Rx configuration choices together. Correspondingly, the per-band V2X parameters defined in V2X-BandParameters-r14 shall be split into two containers and include respectively whenever the band is configured for TX or RX individually. Please see the Qualcomm attachment for details about the revision of Option 2.   

	Ericsson
	2
	Agree with QC, this option seems to be the most complete.

Regarding QC concern, we do agree to indicate per individual bands the RX and TX parameters of the band itself. However, it is not clear to us why we need to remove the two independent lists, i.e. v2x-SupportedTxBandCombinationList and v2x-SupportedRxBandCombinationList, and use just one single list instead. Assuming that all bands A, B, C individually support both SL RX and SL TX, in our understanding it can happen that the UE supports simultaneous SL TX in all bands A, B, C but simultaneous SL RX only on e.g. bands A, B. 
For this reason, the LG initial proposal looks clearer to us. So, at the moment, we have a preference to have the LG proposal as baseline. 

	CATT
	2-1
	Agree with QC, band combination for Tx should be restricted by band combination for Rx.

	LGE
	2 or 3
	From our view, option 2 and 3 provides the similar flexibility. 

From our view, depending on the band characteristics (e.g. TDD band) or UE’s operation in the band (e.g. Half duplex operation), the simultaneous Tx and Rx may not be possible in a certain band combination even though Tx only and Rx only in the band combination is possible. However, with the band information, the network is able to know whether the UE is able to perform simultaneous Tx and Rx. For instance, since the UE operates in half duplex mode in the band 47, the network is able to know that the UE could not simultaneously transmit and receive if the UE just informs the band information.

Hence, we prefer original option 2 if option 2 is accepted.

	Samsung
	2-1
	Option 2 is most similar design as legacy signalling, so we prefer option 2 because of consistency for signalling design.

For the issue QC raised, we agree with QC’s proposal that the common v2x-SupportedBandCombinationList indicates all supported band combinations and each element can separately indicate Tx and/or Rx band. 

	Huawei
	2
	S ince RAN1 assumed that there should be an extra Rx chain for PC5 but not necessarily also an extra PC5 Tx chain, it seems that the Tx and Rx capability of PC5 may not have to be dependent to each other. Hence, as for Qualcomm’s concern, we think that we may make the assumption in this release that the Tx and Rx band combination can be independent to each other. Without this assumption, it seems that this discussion for TX and RX band combination become very complicated, and some may even beyond RAN2’s scope to tackle. 

To this end, we actually prefer LG’s original option 2 CR for this question (i.e. to keep both v2x-SupportedTxBandCombinationList-r14 and v2x-SupportedRxBandCombinationList-r14).  

	Nokia
	2
	Seems to be the cleanest solution. In addition, we would prefer to ensure the separation of v2x-SupportedTxBandCombinationList from v2x-SupportedRxBandCombinationList (as pointed out by Ericsson). Or is it clear for all the companies that band combination for Tx should be restricted by the band combinations for Rx (as indicated by CATT)?

	OPPO
	2-1
	Agree with QC, and it is more rigorous to define band combination considering TX and RX jointly, similar to legacy band combination definition for cellular UL and DL.

	ZTE
	2
	Agree with LG and Ericsson


Rapporteur’s comments: All the companies agree the signalling based on option 2. However, there are different opinions on whether to have one list which includes Tx/Rx configuration together (option 2-1, supported by 4 companies) or to have separate list for Tx and Rx configuration (option 2, supported by 5 companies). 

Proposal 1 Further discuss whether to have one list which includes Tx/Rx configuration together (option 2-1) or to have separate list for Tx and Rx configuration (option 2).

2.1.1 On the need of a bit to indicate simultaneous sidelink TX on the band combinations in which the UE supports simultaneous sidelink RX.
In Rel.12, a capability field commSimultaneousTx is used to indicate that in all the bands in which the UE supports simultaneous reception on sidelink and Uu, it supports also simultaneous transmission on sidelink and Uu. The same principle can be used also in Rel.14 for the sidelink. i.e. in case the bands in which the UE supports simultaneous sidelink transmission are the same bands in which the UE supports simultaneous sidelink reception, the UE can indicate that with a single bit indication. Otherwise, the full list of TX band combinations is signalled.  

This would limit signalling overhead since the UE does not need to report the full list of TX band combinations if that list is the same as the list of RX band combinations.

Question 1.1: Is it beneficial to introduce a bit to indicate whether the UE supports simultaneous sidelink TX on all the sidelink band combinations in which the UE supports simultaneous sidelink RX?

· Option 1): Yes

· Option 2): No
	Company name
	Preferred option
	Comments

	 Ericsson
	1
	This is the same principle used in Rel.12. Benefit is the possibility to limit signalling overhead in case RF design is such that the simultaneous RX and TX capabilities are the same

	Qualcomm
	2
	In Rel-12/13, this 1-bit indication is used in the case that there is only a single ProSe carrier allowed by UE in PC5 at one time. But with V2X, the simultaneous TX band combination in PC5 becomes more complex. As explained by Qualcomm in the response to Question 1, the RF constraints in TX and RX cannot be represented separately. So, Qualcomm prefers a single explicit list of band combinations which including both TX and RX configurations. To adopt this design, this 1-bit “v2x-simultaneousTx” is not needed. 

	CATT
	2
	Agree with QC.

	LGE
	2
	This seems to be kind of optimization. Considering the practical number of supported bands in this release, this indication may not be necessary.

	Samsung
	2
	Agree with QC.

	Huawei
	2
	We agree with Qualcomm that the Tx band combination on PC5 for V2X sidelink communication may be more complicated than that for Rel-12/13 ProSe. Thus, it seems better to have a list that explicitly includes both Tx and Rx band combination on PC5 for V2X SL communication.  

	Nokia 
	2 (in this release?)
	No strong view. On one hand, we agree with LGE’s observation that at least in this release such indication is not critically important. On the other hand, we acknowledge Ericsson’s concept and believe it may be beneficial.

	OPPO
	2
	Agree with Nokia, this kind of optimization may not be critially important in this release at least.

	ZTE
	1
	Agree with Ericsson. It is not clear why RF constraints in TX and RX cannot be represented separately?


Rapporteur’s comments: Most of companies (7 among 9 companies) does not think that it is necessary to introduce a bit to indicate whether the UE supports simultaneous sidelink TX on all the sidelink band combinations in which the UE supports simultaneous sidelink RX in this release.
2.1.2 On the need of a bit to indicate per Uu band combination, support of simultaneous TX (or RX) on Uu and all the sidelink band combinations 

As for question 1.1, in case the UE supports for a given Uu band combination simultaneous TX (or RX) on Uu and all the sidelink band combinations, it is a waste of resources to indicate the individual support of Uu and sidelink for each and every sidelink band combination. 
Question 1.2: Is it beneficial to introduce a bit per Uu band combination to indicate whether the UE supports simultaneous TX (or RX) on Uu and all the sidelink band combinations?
· Option 1): Yes

· Option 2): No

	Company name
	Preferred option
	Comments

	 Ericsson
	1
	Similar to question 1.1 it is beneficial to reduce signalling overhead especially in case of large number of bands supported. In case the RF design is such that the simultaneous TX (or RX) capabilities on Uu and sidelink are the same, this option allows to limit signalling overhead.

	Qualcomm
	2
	For the v2x-SupportedTxBandCombListPerBC, v2x-SupportedRxBandCombListPerBC, only a bitmap is used as shown by the Option 2 CR draft. So the proposed change will only have overhead reduced from a couple of bits to a single bit. This optimization seems not worth pursuing. 

	CATT
	2
	Agree with QC.

	LGE
	2
	This seems to be kind of optimization. Considering the practical number of supported bands in this release, this indication may not be necessary.

	Samsung
	2
	Agree with QC.

	Huawei
	2
	With the bitmap being used in Option 2, this optimization seems not quite critical. 

	Nokia
	2
	As commented above – no strong view, but perhaps not in this release. As pointed out by QC, the actual savings may be negligible.

	OPPO
	2
	This kind of optimization may not be critially important in this release at least.

	ZTE
	1
	This is the same way as used in Rel.12 for D2D.


Rapporteur’s comments: Most of companies (7 among 9 companies) does not think that it is necessary to introduce a bit per Uu band combination to indicate whether the UE supports simultaneous TX (or RX) on Uu and all the sidelink band combinations in this release.
2.2 SLSS capability

In [1], for SLSS for sidelink mode 3 and 4, RAN1 has suggested to have per-band capability signalling, which is characterized by supporting SLSS/PSBCH transmission and reception in sidelink transmission mode 3 and 4. During RAN2#97bis meeting, companies raised question whether this is per-UE or per-band capability signalling. It is necessary to confirm whether SLSS capability is signalled per band or per UE.
Question 2: Companies are invited to select preferred option for capability of supporting SLSS/PSBCH transmission and reception in sidelink transmission mode 3 and 4.

· Option 1) Per-UE signalling is necessary.
· Option 2) Per-band signalling is necessary.
	Company name
	Preferred option
	Comments

	 Qualcomm
	1
	During RAN2#97bis, Qualcomm has mentioned that SLSS TxRx is actually constrained by another UE capability “numberTxRxTiming”, so it need FFS. Now our view is that as long as ‘For UE’s support SLSS Tx/Rx, the number of asynchronous SLSS timings (including search and tracking) is limited by the #Tx/Rx timings indicated by the UE”, this can be a per-UE signalling.

	Ericsson
	1
	Agree with QC

	CATT
	1
	Agree with QC.

	LGE
	2
	Considering the UE implementation complexity, it would be beneficial for the UE to provide per-band SLSS capability signalling. For instance, in some band, the UE may not implement hardware for SLSS Tx/Rx. In addition, since UE capability “numberTxRxTiming” only concerns the number of different timings which the UE can support at the same time, it is regarded another capability independent with the SLSS capability.

	Samsung
	2
	We think per-band indication seems more reasonable, considering that in Rel-14 V2X is supposed to operate on a very wide band range (2GHz~6GHz), UE capability on different band can be different. 

For SLSS Tx/Rx, UE can fully depend on GNSS for synchronization on PC5 (e.g., band 47) and not support SLSS based sync on the band for Uu, i.e. it may need to sync with eNB. Plus, SLSS Tx/Rx is necessary for out of coverage UE.

	Huawei
	1
	We think it is better for this SLSS capability to be a per-UE signalling, in order to avoid that the UE performs V2X SL communication on a band where SLSS Tx/Rx is however not supported. 

	Nokia
	1
	We think SLSS per UE should be sufficient and SLSS Tx/Rx should be supported (or not) in all bands UE reports in “v2x supported Tx/Rx bands” (agree with Huawei’s point). Is it indeed so critical (as outlined by Samsung and LG) to have finer granularity and allow the UE to have SLSS Tx/Rx capabilities in a subset of bands it uses for V2X?

	OPPO
	1
	It is not clear in what case the UE would be capble of SLSS Tx/Rx in a band-specific way.

	ZTE
	1
	In our opinion, it is not necessary to indicate SLSS Tx/Rx capability per-band. Per-UE signalling for SLSS Tx/Rx Capability is enough.


Rapporteur’s comments: Most of companies (7 among 9 companies) propose to have SLSS for sidelink mode 3 and 4 as per-UE capability signalling. 
Proposal 2 Introduce per-UE capability signalling for SLSS transmission and reception.

2.3 No sensing capability
In [1], for P-UE, RAN1 has suggested to have per-band capability signalling for transmitting sidelink mode 4 without sensing, which is characterized by 1) UE can transmit PSCCH/PSSCH using sidelink transmission mode 4 without sensing (i.e., using random resource selection) 2) Maximum transmit power is 23 dBm. During RAN2#97bis meeting, many companies raised concerns on this signalling. Because there are two other UE capabilities for partial sensing and full sensing, respectively, it is unclear whether there is a need for this “no sensing” capability. It is necessary to confirm how to handle transmitting sidelink mode 4 without sensing.
Question 3: Companies are invited to select preferred option for capability of transmitting sidelink mode 4 without sensing.

· Option 1) No capability signalling is necessary.

· Option 2) Per-UE signalling is necessary.

· Option 3) Per-band signalling is necessary.

	Company name
	Preferred option
	Comments

	Qualcomm
	1
	No need to have a separate “no sensing” capability. If UE supports neither partial sensing nor full sensing in the UE capability signalling, the UE can be regarding as “no sensing”.

	Ericsson
	1
	Agree with QC.

	CATT
	1
	Agree with QC. P-UE supports random resource selection only should support both random resource selection + one shot and random resource selection + SPS transmission. 

	LGE
	1
	We think the meaning of this capability (i.e. no sensing capability UE) is to support random selection mechanism. The random selection should be considered as baseline feature. Otherwise, the UE does not operate V2X related feature.

	Samsung
	1 or 3
	We agree with above opinions from other companies but we have one concern for this issue. From our understanding, the capabilities of “full sensing” and “partial sensing” are per-UE signalling. We think the main intention of this is to differentiate the V-UE and P-UE. 

However, we think band-specific “sensing or partial sensing” capabilities are useful. For instance, it may be the case on e.g. band 47 if the P-UE has only Tx capability (i.e., random selection) and no Rx capability on that band (note that sensing is dependent on Rx capability). However, on the bands for Uu, partial sensing may be supported since usually P-UE has Rx capability on those bands. 
So, I firstly want to know whether band-specific capabilities are needed or not, it needed RAN2 have to consider how to support it. If per-band differentiation is not needed we can go to Option 1. 
- Alt 1: Signal the “full sensing” and “partial sensing” to the per-UE and signal “no sensing” to per- band. It means that P-UE have both “partial sensing” and “no sensing” capabilities then use partial sensing except for band indicated by “no sensing” capabilities.

- Alt 2: Change the “full sensing” and “partial sensing” to the per-band signalling, and remove the “no sensing” capabilities.

	Huawei
	1
	Agree with Qualcomm. Supporting neither partial sensing nor full sensing can be used to indicate “no sensing” capability.

	Nokia
	1
	As we have raised that during the online session in Spokane, random selection could be a redundant UE capability. We assume that it has been added in RAN1 as RAN1 initially thought random selection is not the intended mode of resource selection (so random selection was not a baseline/starting point, it was the other way round).

However, we agree with the issue pointed out by Samsung that there seems to be a kind of inconsistency between “Receiving sidelink mode 3 and 4” and “Tx with full/partial sensing”. The former is per band, the later per UE. Rx SL mode 3 and 4 is obviously a prerequisite for Tx with full/partial sensing and it may lead to the situation where the UE reports sensing-based Tx capability but in fact is unable to perform it due to the lack of SL Rx capability in a certain band…was it deliberately designed in such a way in RAN1?:)

	OPPO
	1
	It is strange that a UE supporting V2x feature does not support “no sensing” operation, which can be seen as the baseline feature for all UEs with and without Rx capability.

Besides, agree with Samsung/Nokia that when SL Rx capability is indicated via per-band signaling, there would be some inconsistency if indicate full / partial sensing capability via per-UE signaling. One way to interpret the current signaling design could be that the per-UE indication of full / partial sensing capability only applies to the band with Rx capability, and only “no sensing” capability is applicable to the band without Rx capability.

	ZTE
	1
	Agree with QC.


Rapporteur’s comments: All companies agree that no capability signalling for “no sensing capability” is necessary. However, there are some concerns on the combination of per-UE full/partial sensing and not introducing “no sensing” capability.
Proposal 3 Not to introduce capability signalling for “no sensing capability”.
2.4 “Receiving Sidelink mode 3 and 4” capability (“v2x-reception” as in 36.331 CR draft)
In [1], RAN1 has suggested to have per-band capability signalling for “receiving sidelink mode 3 and 4”:

1) UE can receive PSCCH/PSSCH transmitted using sidelink transmission mode 3 and 4 with all resource reservation periods including 20ms and 50 ms.

2) UE can receive 10 PSCCH in a subframe.

3) UE can decode 100 RBs per subframe counting both PSCCH and PSSCH.

However, what mentioned above are all the basic features a V2X UE needs to support if the UE wants to receive V2X sidelink communication in a V2X band. Thus, if a band is configured by a UE to support V2X RX operation, it is questionable that whether this additional capability needs to be signalled per band. 

Question 4: Companies are invited to select preferred option for capability of “Receiving Sidelink mode 3 and 4”:
· Option 1) No capability signalling is necessary.

· Option 2) Per-UE signalling is necessary.

· Option 3) Per-band signalling is necessary.

	Company name
	Preferred option
	Comments

	Qualcomm
	1
	No need to have a separate “v2x-reception” capability. If this is a P-UE without reception capability, then it will have no RX band combinations reported in RF parameters capability, So, it is not useful to indicate this again per-band. 

	Ericsson
	1
	Agree with QC.

	CATT
	1
	Agree with QC. 

	LGE
	1
	QC’s comment sound reasonable to us.

From our view, we think regardless of the UE type (V-UE or P-UE) should support 20 ms and 50 ms mandatorily.

	Samsung
	1 (or 3)
	In principal, we agree with QC. However, we have one question whether receiving all resource reservation periods including 20ms and 50 ms is basic feature or not.
From our understanding, value 20ms and 50ms can be configured in a pool-specific manner. Then this signalling can be used to indicate support of receiving resource reservation periods including 20ms and 50 ms. 

	Huawei
	1
	As the above listed capabilities are basic for a UE to receive V2X, it seems that all the UE, as long as they want to receive V2X on sidelink, should be equipped with these capabilities, whereas a UE without these capabilities is unable to receive SL V2X. So, it seems not of much use to report this “Receiving Sidelink mode 3 and 4” to the eNB.

	Nokia
	1
	Indeed, should be feasible to draw such Rx capability conclusion on the basis of what is reported in Rx band combinations. However, again we think Samsung’s valid concern needs to be resolved (20/50ms reservation period – should be assumed as a baseline for all the UEs with SL Rx capability?)

	OPPO
	1
	Same view as Samsung and Nokia, i.e., 20/50ms may worth some consideration - whether it should be seen as mandatory capability. Otherwise, no reason to add this “Receiving Sidelink mode 3 and 4” capabilty.

	ZTE
	1
	Agree with QC.


Rapporteur’s comments: All companies agree that no capability signalling for “receiving sidelink mode 3 and 4” is necessary. There are some questions on whether 20/50ms reservation period should be assumed as a baseline for all the UEs with SL Rx capability.
Proposal 4 Not to introduce capability signalling for “receiving sidelink mode 3 and 4”.
3.
Conclusion
As a summary of the e-mail discussion regarding UE capability signalling, it is proposed as follows.
Proposal 1 Further discuss whether to have one list which includes Tx/Rx configuration together (option 2-1) or to have separate list for Tx and Rx configuration (option 2).

Proposal 2 Introduce per-UE capability signalling for SLSS transmission and reception.

Proposal 3 Not to introduce capability signalling for “no sensing capability”.
Proposal 4 Not to introduce capability signalling for “receiving sidelink mode 3 and 4”.
Reference
[1] R2-1702472, LS on LTE Rel-14 UE feature list, NTT DOCOMO
