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1. Introduction

During RAN2#101 it was agreed to have an email discussion on Destination address enhancement.
	 [101#73][LTE/V2X] Destination address enhancements (ZTE)


The need of the enhancement of destination address for network scheduling of mode-3 (including SPS) and if consensus on the need, possible options can be also discussed (ZTE)


Output: Report to next meeting


Deadline:  Thursday 2018-03-29




This email discussion mainly aims to collect companies’ perspectives and preferences on the necessity of the destination address enhancement for mode 3 resource allocation, and possible solutions if consensus on the necessity.
2. Discussion

1.1. Mode 3 dynamic resource allocation

1.1.1. Limitation of destination index

According to TS 24.386 [1], the upper layers can request the UE to send a V2X message of a V2X service and pass one or more V2X frequencies associated with the V2X service and destination ID to AS layers for V2X sidelink transmissions. For mode 3 resource allocation, in order to ensure a V2X service to be transmitted on the corresponding frequency, the eNB can schedule a V2X transmission on a frequency based on the Sidelink BSR, in which the UE includes the Destination Index uniquely associated with a frequency reported by the UE to the eNB in Sidelink UE Information message according to TS 36.300 [2].
As we know, the destination index is indexed sequentially across all the destination ID lists for different carrier frequencies reported by UE. When it comes to the PC5 CA (up to 8 carriers) in eV2X, the UE may report at most 8 interested V2X frequencies in SidelinkUEInformation message corresponding to the same destination ID, and therefore sequentially mapped to 8 destination indexes. 

Based on current specification, the size of destination index is limited to 4 bits and the total number is no more than 16 to cover dimensions of both V2X service (in terms of destination ID) and V2X frequency. It might work if packets belong to each destination ID are only to be transported in a single frequency. If UE supports multiple V2X services and V2X frequencies at the same time, there are concerns that the limit of 16 destination indexes will no longer be enough [3] [4]. 

	Company 
	Question 1: Do you agree that the limit of 16 destination index is not enough to cover both V2X services and V2X frequencies?

	
	Option (Agree/Disagree)
	Detailed comments

	Qualcomm
	Agree
	The deficiency is not only just the size of the index, but more about the idea to use one single index to represent both a “Destination Layer 2 ID” and a single carrier. If I recall correctly, originally, R14 design did not intend to use Destination index to represent frequency. It was added recently as a workaround to avoid stage 3 change in R14. This workaround works when there is an assumption about one-to-one relationship (each Destination is only allowed to transmit in one frequency). But when this assumption changes, as happened in R15, it is time to reconsider the signaling design.

	OPPO
	Agree
	Agree with Qualcomm that this work-around solution should be refined in R15.

	Huawei
	Disagree
	As in TS 24.386, the V2X frequencies are configured in associated geographical areas, and the number V2X frequencies in a certain area may not be that huge. For example, in Europe there are just 3 safety carriers and 2 non-safety carriers; so that it can be enough for a UE to report 3 interested V2X frequencies for the DST of the safety and 2 for the DST of the non-safety. Hence, we don't think it is a common case that every destination has to correspond to 8 interested V2X frequencies to be reported in SidelinkUEInformation, thus occupying 8 destination indices. The legacy design of 16 DST indices looks sufficient.

	Ericsson
	Disagree
	It is true that the destination indexes that can be reported in the SL BSR do not cover all the possible combinations of destination ID and frequencies. However, we do not believe that this is a critical limitation that compromises the mode-3 functionalities in a real-world scenario. As indicated by Huawei, it is not likely that the combinations of V2X services (i.e. destination ID) and frequencies will be so large. In particular, it does not seem to be realistic that a UE is involved at the same time in so many V2X service transmissions, in many different frequencies. Even assuming that a V2X system may support many V2X services in different frequencies, it is not likely that a UE is requested to deliver such services at the same time. 

	ZTE
	Agree
	The objective of this WI is to support PC5 CA of up to 8 carriers. We have to bear this in mind when we design the solutions. The current destination index is less efficient and it might easily run of of space. 

	Lenovo
	Disagree
	We think existing destination index number is enough for realistic usage for specific V2X UE, this is because 1) not every service is mapped to all frequencies; 2) V2X UE is not seems to interest to too many V2X services; 3) V2X UE is not seems to have the transmission on too many frequencies at the same time. So the number of destination index, which is the combination of V2X service (destination ID) and frequencies, will not be so large in reality usage.

	CATT
	Disagree
	Agree with Huawei and Ericsson. For mode 3 CA or duplication, the frequencies UE used should be decided by eNB. UE can only report the destination Layer2 ID list in SidelinkUEInformation, UE can’t make the decision on which frequencies the DST corresponds to.  The frequencies UE will use should be decided by eNB based on the UE capability, UE request information and resources scheduling scheme. 

	Samsung
	Disagree
	Agree with Huawei. We don’t see a case that needs more than 16 DST index.

	Nokia
	Disagree
	We agree that 16 destination index may not be enough if the current destination index definition is used. However, the destination index definition can be enhanced to have one to one mapping from destination ID to destination index regardless the number of carriers/frequencies one destination ID is associated to. Then 16 of destination index should be sufficient.

	Intel
	Disagree
	In our view, the issue raised might have some credibility in that distinction of all possible (destination ID, carrier frequency) combinations might not always be possible using existing BSR. However, we tend to agree with majority of the companies that this is not a critical issue to be addressed at this juncture.

	LG
	Disagree
	Agreed with HW and Ericsson the case 4 bits for destination index is not enough does not seem to be realistic. 


Count:
Agree: 3
Disagree: 8
A majority of the companies (8 of 11) believe that it is less likely the UE is involved with many different V2X services and frequencies simultaneously. The 4bits destination index should be enough for most realistic scenarios. 
Proposal 1: The 16 destination indexes are enough to cover both V2X services and V2X frequencies. 
Suppose the number of available destination index is too limited, the following options seem possible:

Option 1: extend the bit size for destination index, e.g extend from 4 bit to 8 bit.

Option 2: enhance the destination index mapping of destination ID and V2X frequencies.

Note that in this option it needs to be further studied how the destination index is mapped.

Option 3: no enhancement is needed.

	Company 
	Question 2: Should the destination index be enhanced to support multiple V2X services and V2X frequencies?

	
	Option
	Detailed comments

	Qualcomm
	Option 2
	In case of packet from upper layer can be sent in multiple frequencies, the pre-carier reporting in SidelinkUEinfomation is not optimal because it may just duplicate the same content in another frequency but wasting a space in Destination index. From this perspective, using the Destination index based on sequential counting of the destination Layer 2 ID(s) to indicate a single frequency no longer make sense. Denoting a frequency (among up to 8) itself only need 3-bit, 1-bit less than the current R14 Destination index. Thus, to represent multiple carrier choices, using multiple Dest indexes is less efficient than using multiple frequency indexes. Thus, option 1 does not literally solve the problem, but just exacerbating the inefficiency issue. RAN2 need to further discuss what is the right way forward to design SidelinkUEInformation and BSR altogether for CA PC5 case. One possible solution is to change the way how SidelinkUEInformation is structured. The UE shall report UE information content per destination, instead of per carrier. In each destination entry, a list of frequencies can be included.

	OPPO
	2
	As indicated by rapporteur, option 2 however depends on the output of the following questions. 

Anyway, we do not think option 1 is feasible since it does not solve the root problem.

	Huawei
	3)
	As our replies to Question 1.

Also, the "frequency - destination" mapping in SidelinkUEInformation has already worked for the multi-carrier transmission in Rel-14 V2X, but is not something new exclusively introduced for Rel-15 PC5 CA. So why in Rel-14 it can work well, but in Rel-15 it fails and must be changed? We can't really see any reason for such a change. If the enchantment is just to optimize signaling, it is not a critical issue that must be settled for the completion the WI (considering we have a number of other critical issues to solve). 

	Ericsson
	3)
	As in our reply to Question 1, option 1 and option 2 seem to be signalling optimization, that are not critical to make the Rel-15 V2X system work in practical scenarios.

	ZTE
	2)
	Agree with QC that better way to solve this problem is to associate the destination ID with available frequency sets. Then the destination index is only allocated for different destinations and or frequency sets. 

	Lenovo
	3)
	As in our reply to Question 1, option 1 is not needed

For option 2, we think this is just the signaling structure optimization but not provide additional information compared with legacy signaling. eNB already can obtain enough information of destination ID and frequency mapping from legacy signaling. Thus this is not a critical issue and is not needed so urgent.

	CATT
	3)
	We can enhance SidelinkUEinformation message to resolve the issue in Q1. UE can report multiple frequencies which map to one destination ID. By doing this, eNB can schedule one V2X service in multiple frequencies.  

	Samsung
	3)
	As mentioned in Question 1.

	Nokia
	2)
	As we commented the destination ID to destination index mapping can be enhanced to have one to one mapping between them regardless the number of carriers/frequencies.

	Intel
	3)
	As in the question above, we do not think any enhancement is urgently needed. That being said, if we agree on the need for enhancements, option 2 seems to be more suitable to address the issue. However, as it is currently phrased in the question: “Note that in this option it needs to be further studied how the destination index is mapped”, it seems we need to agree on the need for introducing such enhancements in the first place.

	LG
	3)
	As in our reply to Question 1. 


Count:
Option 1: 0
Option 2: 4
Option 3: 7
A majority of the companies (7 of 11) companies select option 3) and believe that the limitation of 16 destination indexes is not a critical issue. Thus no enhancement is considered for that. On the other hand, 4 companies select option 2) and suggest to enhance the destination index mapping of destination ID and V2X frequencies. Question 2 is actually a follow up question of Question 1. Since most companies think the 16 destination indexes are enough in Question 1, it is not necessary to consider the potential enhancement for destination index. 
Proposal 2: No enhancement is considered for the limitation of 16 destination indexes. 
1.1.2. Destination address collision
As discussed in [3], destination address collision may happen due to default destination address. According to TS 24.386, the default destination layer-2 ID is used if the V2X service identifier of the V2X service is not included in the list of V2X services authorized for V2X communication. For example, neither V2X service 1 nor V2X service 2 is included in the list of V2X services authorized for V2X communication. However, V2X service 1 and V2X service 2 are mapped to different V2X frequencies according to the V2X service identifier to V2X frequency mapping rules. In this case, upper layer passes V2X messages with the same destination ID but different V2X frequency set to AS layer. 
	TS 24.386

6.1.2.1
Initiation

<TEXT REMOVED>

Upon a request from upper layers to send a V2X message of a V2X service identified by a V2X service identifier using V2X communication over PC5, the UE shall proceed as follows:

<TEXT REMOVED>

1)
if the UE is configured with V2X service identifier to V2X frequency mapping rules for V2X communication over PC5 as specified in subclause 5.2.4 and there is one or more V2X frequencies associated with the V2X service identifier of the V2X service for the V2X message in the current the geographical area, pass the one or more V2X frequencies associated with the V2X service identifier of the V2X service for the V2X message to the lower layers;

2)
request radio resources for V2X communication over PC5 as specified in 3GPP TS 24.334 [4] subclause 10.2.2; and

3)
perform transmission of V2X communication over PC5 as specified in subclause 6.1.2.2; and

<TEXT REMOVED>
6.1.2.2
Transmission

The UE shall include the V2X message in a protocol data unit and pass it to the lower layers for transmission along with the following parameters:
<TEXT REMOVED>

c)
the destination Layer-2 ID set to:

1)
the destination Layer-2 ID associated with the V2X service identifier of the V2X service in this list of V2X services authorized for V2X communication over PC5 as specified in subclause 5.2.4, if the V2X service identifier of the V2X service is included in the list of V2X services authorized for V2X communication over PC5 as specified in subclause 5.2.4; or

2)
the default destination Layer-2 ID configured to the UE for V2X communication over PC5 as specified in subclause 5.2.4, if the V2X service identifier of the V2X service is not included in the list of V2X services authorized for V2X communication over PC5 and the UE is configured with a default destination Layer-2 ID for V2X communication over PC5;


On the other hand, the destination address collision may happen due to group communication. As suggested in TR 23.786 [5], any potential clash of “Group” L2 IDs assigned by different V2X applications is resolved within the application. However, although application layer can handle the destination address collision between multiple groups within the same application, it cannot prevent the collision between groups of different applications [3]. Once again, if the destination address collision due to group communication happens, the upper layer may pass V2X messages with the same destination ID but different V2X frequency set to AS layer.
	TR 23.786
6.1.1 Functional Description

<Text Removed>
If desired, e.g. for optimized operations, separation of the traffic from different groups could be also achieved with the use of different destination L2 IDs. These destination L2 IDs could be negotiated among group members at application layer or obtained from V2X AS at application layer. For such operations, the application layer would decide the L2 ID and pass it down together with the packets down to 3GPP layer. In this case, PSID to L2 ID mapping is not used in deciding on the destination L2 ID.

NOTE:
Any potential clash of "Group" L2 IDs assigned by different V2X applications is resolved within the application.


Based on the above discussion, the impact of destination address collision is that V2X messages for a given destination ID may be associated with different frequency sets, which may subsequently impact the mode 3 resource allocation procedure. Nevertheless, it is necessary to first clarify if this destination address collision issue should be considered in R15.

Option 1: destination address collision due to default destination layer-2 ID should be considered. 

Option 2: destination address collision due to group communication should be considered.

Option 3: none of them is considered (If this option is selected, please clarify why).
	Company 
	Question 3: Should the destination address collision issue be considered in R15 eV2X?

	
	Option
	Detailed comments

	Qualcomm
	1 & 2
	

	OPPO
	1 and 2
	Agree the analysis from ZTE.

	Huawei
	3)
	We think that the destination collision mentioned above is a legacy issue, and can be avoided by NW implementation. Specifically, if a V2X service has clear requirement on the applicable V2X frequencies which are different from those of another service (e.g. safety service vs. non-safety service), the NW should map the two services to different DSTs. We don't understand why the NW has to map two services with different applicable V2X frequencies to the same DST, especially considering the Destination L2 ID can be very long. 

Also, for the default destination L2 ID, our understanding is that the NW may just leave some non-critical V2X services (e.g. non-safety) without explicit frequency requirement to use it, and simply configure them with a same set of applicable frequencies. For groupcast case, the "NOTE" in the box above this question already said any conflict can be resolved in APP layer, thus nothing extra needs to be done.

	Ericsson
	3)
	We agree with Huawei. This does not seem to be a specification issue, since the implementation can avoid that, by mapping services which should be transmitted on different frequencies to different destination IDs.

In any case this does not seem to be an issue that should be discussed in RAN2. In fact, none of the above-referenced specifications is a RAN2 specification. 

	ZTE
	1) and 2)
	

	Lenovo
	3)
	Agree with Huawei and Ericsson. We think through implementation method, different V2X service will be mapped to different destination ID (group L2 ID is also be resolved within application as noted). For default destination id, in TS 24.386, it is optionally configured so it may left for non-critical services and have the same frequency set. 

	CATT
	3)
	Agree with Huawei. The destination L2 ID collision issue seems like a error configuration, eNB doesn’t have to differentiate the V2X services in one destination L2 ID. On the contrary, eNB just simply schedule the default destination L2 ID in the same manner regardless the V2X service types. 

	Samsung
	3)
	Agree with Huawei and Ericsson. These are operational issues. If default DST IDs are necessary, then the IDs should be assigned not to overlap with normal DST IDs. Group DST IDs can be resolved within the application as captured in Note above. 

	Nokia
	3)
	These are higher layer issues and should not be handled by AS layer.

	Intel
	1), 2)
	We think that the issue of destination address collisions as a consequence of group communication is valid. That being said, we are not sure that RAN2 can resolve it (in the limited time that we have) without input from other WGs. Even if we can leave this up to implementation, at least some clarification should be made in the specification to address this.

	LG
	1) and 2)
	


Count:
Option 1: 5
Option 2: 5
Option 3: 6
There are divergent views about the destination address collision issue. Some companies (5 of 11) think destination address collision due to both default destination layer-2 ID and group communication should be considered. Others think that the destination address collision may be avoided by appropriate configuration. 
Based on some of the comments, the destination address collision issue comes from SA2’s design of default destination ID and group communication. The impact on RAN2 is that V2X messages for a given destination ID may be associated with different frequency sets, which may subsequently impact the mode 3 resource allocation procedure. RAN2 is suggested to further discuss whether to consider this issue. 
Proposal 3: RAN2 to further discuss whether to consider the destination address collision. 
1.1.3. Impact on data split

In this section, we will investigate if the R14 mode 3 dynamic resource allocation mechanism could be used to support the R15 data split. The impact of destination address collision on data split based resource allocation is also analyzed.  

· Mode 3 Resource allocation for non-destination address collision scenario
For data split use cases of PC5 CA, the data packets for a given V2X service could be split and transmitted over multiple V2X frequencies. According to the R14 V2X specification, for mode 3 dynamic resource allocation, the eNB schedule a V2X transmission on a frequency based on the destination index in Sidelink BSR. A general understanding is that eNB just allocates the exact amount of resource indicated in the buffer size in the BSR on the frequency associated with the destination index. However, different interpretation of the R14 mode 3 resource allocation mechanisms are also available in order to support the R15 data split use case. 
For example, as shown in Figure 1, the V2X service 1 is mapped to destination id 1 and associated with V2X frequency f1 and f2. UE reports the mapping between V2X frequency and destination ID via SidelinkUEInformation. Suppose data split is supported and the total data volume in LCG1 is X, the UE may report the BSR and eNB allocate the resources in following ways:

Option 1: eNB based data split and resource allocation

Option 1-1): UE report the data volume X two times via destination index for f1 and f2 respectively, such as {destination index 0, LCG1, X} and {destination index 1, LCG1, X}. eNB should be able to identify this resource request is for R15 data split V2X sidelink transmission and then provide resource grant on f1 and f2 to jointly carry data volume X, e.g., grant on f1 to carry (X-Y), and grant on f2 to carry Y. Y is a value between (0, X). 

Option 1-2: UE only report the data volume one time via one of the available frequencies, for example {destination index 0, LCG1, X}. When eNB receive the BSR, eNB should be able to identify this resource request is for R15 data split V2X sidelink transmission. Then eNB find out both f1 and f2 are related to this destination ID and finally provide resource grant on f1 and f2 to jointly carry data volume X, e.g., grant on f1 to carry (X-Y), and grant on f2 to carry Y. Y is a value between (0, X).

Option 1-3: UE only reports the data volume X one time via a destination index mapped to a destination entry in the newly-design SidelinkUEInformation. In this new version of SidelinkUEInformation, a set of frequencies {f1, f2} is associated with the destination entry. Therefore, eNB can then provide resource grant on f1 and f2 to jointly carry data volume X, e.g., grant on f1 to carry (X-Y), and grant on f2 to carry Y. Y is a value between (0, X).

Option 1-4:  UE only reports the data volume X one time via a destination index mapped to a destination entry in the newly-design SidelinkUEInformation. However, we do not need to change the reporting of “a list of destination address is reported for each carrier” to “a list of carriers is reported for each destination address” (as proposed in option 1-3), but it just needs to use a 4-bit destination index in v2x-DestinationInfoList-r14 instead of the 24-bit destination address, where the 4-bit destination index refers to a separated list of 24-bit destination address which is reported independent of the frequency entry SL-V2X-CommTxResourceReq-r14.
Option 1-5: UE include additional IE, set of index(es) UE intend to apply CA on the top of existing SidelinkUEinformation and send it. Upon the reception of the SidelinkUEInformation, eNB can identify set of frequencies(f1, f2) CA can be applied. The UE report the data volume X one time via one of the available frequencies, for example {destination index 0, LCG1, X}. Upon the reception of it, if eNB determine to apply CA to some of frequencies, eNB provide resource grant on f1 and f2 to jointly carry data volume X, e.g., grant on f1 to carry (X-Y), and grant on f2 to carry Y. Y is a value between (0, X).

Note: For Option1, it is FFS how the eNB differentiates the resource request for R15 data split V2X sidelink transmission, R15 data duplication V2X sidelink transmission and R14 V2X sidelink transmission.

Option 2: UE based data split and resource allocation

Since UE have complete knowledge of buffer size and available V2X frequency set, UE may autonomously decide which V2X frequencies should be selected and how to split the data volume into those selected V2X frequencies. For example, UE reports the {destination index 0, LCG1, X-Y} and {destination index 1, LCG1, Y}, where Y is a value between (0, X). Then eNB allocate the sidelink resource on both frequency f1 and f2 to UE.  

Note: For Option 2, it is FFS if the UE based data split should be under the guidance of eNB. 

Option 3: Other potential solutions (if this option is selected, please give detailed description)

Option 4: No enhancement is needed to support the data split in PC5 CA and legacy Rel-14 SL BSR mechanism can be reused to well tackle the case in Figure 1. 
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Figure 1 Illustration of resource request for PC5 data split

As we can see, different options are available to support the R15 data split based resource allocation. It is necessary to clarify which one should be selected. 
	Company 
	Question 4: Which option do you prefer to support the R15 data split based mode 3 resource allocation, if you think the R14 mode 3 dynamic resource allocation mechanism is insufficient? 

	
	Option 
	Detailed comments

	Qualcomm
	1-3 Mandatory

2 Optional
	Option 1-3 added above is a better choice than Option 1-1 and 1-2. Either Option 1-1 or Option 1-2 represents a very “convoluted” way to interpretate a MAC signaling, just for the sake of saving a R14 legacy. I do not think RAN2 need put too much weight on keep using the same R14 signaling because SidelinkUEinformation is anyway needs to be modified for new features in R15 (e.g., CA packet duplication).

Option 2 can be supported as an optional feature, as UE can suggest a carrier to eNB for certain amount of traffic, or for a certain LCGID, but the eNB shall be allowed to override UE’s suggestion.

	OPPO
	1-3 or 1-4
	Firstly, we see option 1 and option 2 as either-or selection, i.e., option 1 relies on network scheduling while option 2 relies on UE scheduling. Within the two, option 1 aligns with the spirit of mode-3 scheduling, i.e., it is up to network to do the scheduling.

Within option 1, we see the root problem is due to the bad design of destination-to-carrier mapping reporting format in SidelinkUEInformation, so good to correct that without touching other parts. To achieve this, both option 1-3 and option 1-4 are feasible to solve the address collision problem, and extend the capability of SL BSR, since SL BSR just needs to include one destination index for one service, i.e., to answer the left question on option 2 of Question 2.

Between option 1-3 and option 1-4, option 1-4 does not touch the current framework of “a list of destination is reported per carrier entry” since otherwise, a separate frequency list is needed to carry the v2x-TypeTxSync-r14 which is per carrier defined.

	Huawei
	Option 4
	We don't think a so called "data split" mechanism for Rel-15 PC5 CA is needed. In the concerned situation as Figure 1, no matter the UE reports {destination index 0, LCG1, X}, {destination index 1, LCG1, X} or even both, the eNB can know from SidelinkUEInformation that both destination index 1 and destination index 0 refer to the same Destination, i.e. destination id 1, and the reported X is the volume of exactly the same data which can be transmitted on both f1 and f2. Based on this, the eNB can schedule resources on f1 and/or f2 based on eNB implementation. 

Note that the existing specification does not say all Destination indices shall be included in each SL BSR reporting. So, we think it is up to UE implementation whether to report destination index 0, destination index 1 or both.

Also, for mode 3 scheduling, shouldn't it be eNB implementation that decides how much data should be transmitted on f1 and how much should be transmitted on f2? Why is this left to UE to decide as in other options?

	Ericsson
	Option 4
	Agree with Huwei. This is a legacy behavior, and it is not clear why any enhancement would be needed. The UE reports the SL BSR with the destination indexes. From the destination indexes, the eNB can retrieve the corresponding V2X frequencies (as reported in the SidelinkUeInformation) and destination ID. From such info, it is up to the eNB implementation to provide transmission grants in those frequencies, as shown in the example provided by Huawei. The logical channel prioritization will then be used by the UE, as in legacy, to fill in the provided grants.

How many frequencies to schedule, and how big the grant should be, upon SL BSR reception, it is up to eNB implementation. 

	ZTE
	Option 1-3 or Option 2
	According to the R14 mode 3 resource allocation, the eNB schedule a V2X transmission on a frequency based on the destination index in Sidelink BSR. However, different interpretation of the R14 mode 3 resource allocation mechanisms are available on how to support the R15 data split use case. Anyway the UE and the eNB have to keep aligned with their understanding. 

In our opinion, all the options are workable, however, option 1-3 and option 2 are more clear without ambiguity.

	Lenovo
	Option 4
	Agree with Huawei and Ericsson that eNB has the full information of destination-frequency mapping based on SidelinkUEInformation. eNB can deduce the data that belongs to the same destination on different carrier based on the destination index that indicated in BSR, no matter how UE report the BSR for same destination BS on different carrier. Thus we think there has no severe issue and we would prefer option 4.

	CATT
	Option 1-3
	As our comment to Q3, we prefer to enhance SidelinkUEinformation to enable multiple frequencies to be reported to eNB to inform the interested and supported frequencies associated to one destination L2 ID index. By doing this, eNB is informed regarding the frequencies list of a special V2X service, so as to schedule the radio grant in multiple frequencies for this V2X service. 

	Samsung
	Option 4
	We think Rel-14 mechanism is sufficient.

	Nokia
	Option 4
	We think Rel-14 mechanism is sufficient if destination ID to destination index one-to-one mapping is applied.

	Intel
	Option 4
	We think that the question boils down to ensuring the same understanding between UE and eNB when requesting resources using BSR. While the different options 1-1, 1-2 and 1-3 should all work, they seem more like enhancements to us as the eNB can infer the information about how to schedule resources from already available information in SidelinkUeInformation and allocate resources accordingly.

Option 2 is not preferred as mode 3 resource allocation over different carriers, by definition, should be completely under eNB control.

	LG
	Option 1-5
	We prefer to keep original format of SidelinkUEinformation and SL_BSR as much as possible. 


Count:
Option 1 (eNB based data split and resource allocation): 5
Option 2 (UE based data split and resource allocation): 2
Option 3 (No enhancement is to be considered ): 6
Most companies agree that the mode 3 resource allocation should be under eNB’s control. For the data split scenario, how many and which carriers are selected, how many resources are allocated over each selected carrier should be up to eNB. Therefore, option 2 could be ruled out. 
Different views are available on how to reuse the R14 mode 3 resource allocation to support R15 data split scenario. With the option 1 (eNB based data split and resource allocation) as an example, 5 solutions are proposed. All the solutions reuse R14 SL BSR mechanism. They vary in how to report and interpret the BSR. Some solutions might further require minor change of SidelinkUEInformation. On the other hand, some companies express their concern that no enhancement is to be considered to support data split. So RAN2 is suggested to further discuss this issue. 
Proposal 4: For mode 3 UE, the carrier selection and resource allocation over carriers is up to eNB. It is FFS how the SL BSR is reported to eNB for data split scenario. 

· Mode 3 Resource allocation for destination address collision scenario
As discussed in Section 2.1.2, V2X messages for a given destination ID may be associated with different frequency set (including partially overlapping frequencies) when taking into account the destination address collision. For this scenario, it would be better to establish different logical channels/logical channel groups for those V2X messages to facilitate the MAC scheduling for CA. 
As shown in Figure 2, both V2X service 1 and V2X service 2 are mapped to destination id 1. The V2X message for V2X service 1 is associated with V2X frequencies {f1, f2} whereas V2X messages for V2X service 2 is associated with V2X frequencies {f2, f3}. The buffer sizes for LCG1 and LCG2 are X1 and X2 respectively. Similarly, two options could be considered for the destination address collision scenario. 

Option 1: eNB based data split and resource allocation

Compared with the non-destination address collision scenario, the UE need to report more assistance information to eNB for resource allocation. For example, the UE may report the logical channel group and corresponding V2X frequency set to the eNB, e.g., LCG1 and LCG2 could be mapped to {f1, f2} and {f2, f3} respectively. Then UE report BSR to eNB, such as {dest index 0, LCG1, X1} and {dest index 1, LCG2, X2}. When eNB receives the BSR, eNB finds out {f1, f2} and {f2, f3} are mapped to LCG1 and LCG2 of destination id 1 respectively. Then eNB provides resource grant on f1, f2 and f3 to jointly carry data volume X1 and X2, e.g., grant on f1 to carry (X1-Y), grant on f2 to carry (Y+Z), grant on f3 to carry (X2-Z). Y is a value between (0, X1) and Z is a value between (0, X2). 

Note: for Option1, it is FFS how the eNB differentiates the resource request for R15 data split V2X sidelink transmission, R15 data duplication V2X sidelink transmission and R14 V2X sidelink transmission. 

Option 1-3: UE only reports the data volume X one time via a destination index mapped to a destination entry in the newly-design SidelinkUEInformation. In this new version of SidelinkUEInformation, a set of frequencies {f1, f2} is associated with the destination entry. Therefore, eNB can then provide resource grant on f1 and f2 to jointly carry data volume X, e.g., grant on f1 to carry (X-Y), and grant on f2 to carry Y. Y is a value between (0, X).

Option 1-4:  UE only reports the data volume X one time via a destination index mapped to a destination entry in the newly-design SidelinkUEInformation. However, we do not need to change the reporting of “a list of destination address is reported for each carrier” to “a list of carriers is reported for each destination address” (as proposed in option 1-3), but it just needs to use a 4-bit destination index in v2x-DestinationInfoList-r14 instead of the 24-bit destination address, where the 4-bit destination index refers to a separated list of 24-bit destination address which is reported independent of the frequency entry SL-V2X-CommTxResourceReq-r14.
Option 1-5: UE include additional IE, set of index(es) UE intend to apply CA on the top of existing SidelinkUEinformation and send it. Upon the reception of the SidelinkUEInformation, eNB can identify set of frequencies(f1, f2) CA can be applied. The UE report the data volume X one time via one of the available frequencies, for example {destination index 0, LCG1, X}. Upon the reception of it, if eNB determine to apply CA to some of frequencies, eNB provide resource grant on f1 and f2 to jointly carry data volume X, e.g., grant on f1 to carry (X-Y), and grant on f2 to carry Y. Y is a value between (0, X).

Option 2: UE based data split and resource allocation 
Since UE have complete knowledge of buffer size and available V2X frequency set for each logical channel/logical channel group, UE may autonomously decide which V2X frequencies should be selected and how to split the data volume into those selected V2X frequencies. Then the UE report its required resource volume on each V2X frequency via corresponding destination index and eNB try to allocate the resources to meet UE’s needs. 

Note: for option 2, it is FFS if the UE autonomous V2X carrier selection and data volume split should be under the guidance of eNB.

Option 3: Other potential solutions (if this option is selected, please give detailed description)

Option 4: No enhancement is needed to address the destination address collision issue and legacy Rel-14 SL BSR mechanism can be reused without problem. 

[image: image2.emf]L

C

H

1

L

C

H

2

L

C

H

3

LCG1 {f1,f2} LCG2 {f2, f3}

 destination id 1

dest index frequency destination id

0

f1

1

1

f2

1

2

f3

1

dest index buffer size LCG id


Figure 2 Illustration of resource request for PC5 data split under destination address collision
	Company 
	Question 5: Which options do you prefer to support the mode 3 dynamic resource allocation for destination address collision scenario, if the destination address collision is regarded as a valid issue? 

	
	Option 
	Detailed comments

	Qualcomm
	Option 1 Mandatory

Option 2 optional 
	For Mode 3 operation, the eNB needs to have the final say to decide how to split traffic in different carriers. Option 2 can be supported as an optional feature, as UE can suggest a carrier to eNB for certain amount of traffic, or for a certain LCGID, but the eNB shall be allowed to override UE’s suggestion.

	OPPO
	1-3 or 1-4
	Similar to the answer for Question 4.

	Huawei
	Option 4
	We do not share the address collision issue as in Figure 2. As our earlier comments to Question 3, we believe that the destination address collision can be avoided by NW implementation. In other words, we believe that with proper NW implementation the carrier frequency(-ies) mapped to a Destination in SidelinkUEInformation should be applicable to all the data belonging to this Destination. We are not convinced by the case that some carrier frequencies mapped to a Destination can only apply to a portion of the data, but not apply to some other data within the same Destination (like f1 and f3 in Figure 2). 

So we think no enhancement is further needed in the AS layer.

	Ericsson
	Option 4
	Agree with Huawei. As for our comment to Question 3, the issue can be solved by proper frequencies/destination IDs mapping. It is not clear what would be the benefit to associate services which should be transmitted on different frequencies to the same destination ID. 

RAN2 should not solve issues due to wrong/bad implementation.

	ZTE
	Option 1 or Option 2
	

	Lenovo
	Option 4
	As we do not think there has collision issue, here we prefer option 4.

	CATT
	Option 4
	Destination ID collision issue isn’t an issue at all. If these V2X services which are not authorized, eNB can just schedule the default destination ID in a default manner. 

	Samsung
	Option 4
	As commented in Question 3, we don’t think RAN2 should solve address collision.

	Nokia
	Option 4
	There is no issue if destination ID to destination index one-to-one mapping is applied.

	Intel
	Option 4
	Same view as above

	LG
	Option 1-5
	Same with answer for question 4


Count:
Option 1: 4
Option 2: 2
Option 4: 7
A majority of companies (7 of 11) select option 4. They think the destination address collision could be avoided by network implementation. Thus no enhancement is needed to address this issue. On the other hand, 4 companies selection option 1. They think the eNB based data split and resource allocation (with variant options) could be used to solve the destination address collision issue.  
Proposal 5: If the destination address collision is to be considered, it is FFS how to support the mode 3 resource allocation for this scenario. 
1.2. Mode 3 SPS configuration/activation

According to the Rel-14 sidelink SPS design, UE could send UEAssistanceInfo to eNB to indicate SPS traffic pattern, which include the packet arrival period, estimated packet arrival offset, PPPP value, as well as maximum MAC PDU size. When eNB receives those information, it can configure the UE with one or more SPS configurations which include SPS period, SPS index and SPS-V-RNTI. Later, eNB can activate SPS configuration through DCI format 5A, which includes the CIF to indicate the V2X frequency on which the SPS resource allocation is provided. 

Considering that V2X message is associated with one or more V2X frequencies, it is expected that the SPS configuration is activated on the associated V2X frequency. However, current SPS assistance information does not include the V2X frequency carrier set that could be used for the SPS traffic. Although the SidelinkUEInformation include the interested frequencies and destination IDs, it is hard for the eNB to associate the destination ID and V2X frequency with the SPS configuration. Therefore, it is likely that the SPS configuration is activated on one V2X frequency not allowed by the V2X traffic. To avoid this problem, it may be necessary to enhance the legacy SPS assistance information report to support appropriate SPS activation. 

	Company 
	Question 6: Should the R14 legacy SPS assistance information report be enhanced to support the SPS activation on associated V2X frequency of V2X message? 

	
	Option (Yes/No)
	Detailed comments

	Qualcomm
	Yes
	The UEAssistenceInformation does not contain any index to be associated with the report(s) in SidelinkUEinformation. The UE asssistenceInformation does not contain Destination Layer 2 ID, either. Thus, eNB has no sufficient information to configure SPS for Mode 3 CA case.

	OPPO
	Yes
	Agree there would be problem for network scheduling if no frequency information.

	Huawei
	Yes
	

	Ericsson
	Yes
	The destination L2 ID can be included in each entry of the UE Assistance Information, e.g. in the TrafficPatternInfo IE.

	ZTE
	Yes
	

	Lenovo
	Yes
	Agree there has the problem for SL SPS when target service is not mapped to all carriers.

	CATT
	Yes
	

	Samsung
	Yes
	R14 legacy SPS doesn’t have frequency information, so enhanced solution is required to inform frequency information associated to a service.

	Nokia
	Yes
	It is true that SPS assistance information doesn’t have frequency information, but only the traffic pattern information.

	Intel
	Yes
	Same view as majority of the companies above

	LG
	Yes
	


Count:
Yes: 11
No: 0
Proposal 6: SPS assistance information report should be enhanced to support the SPS activation on associated V2X frequency of SPS traffic.  
Basically, in order to ensure SPS is activated on the associated V2X frequency of V2X message, it may be necessary to include the available V2X frequency set in UEAssistance information. This enhancement should be applicable not only to R14 V2X but also to R15 PC5 CA. 

Suppose the V2X traffic is periodical in nature and with large packet size. It may be preferred to split the V2X traffic transmission to multiple carriers. Alternatively, the eNB may activate multiple SPS configurations on different V2X frequencies with longer periodicities to jointly serve a SPS traffic with shorter periodicity. Once again, the eNB should be made aware of the available V2X frequency set of the V2X traffic so as to activate the SPS on multiple carriers appropriately.

When it comes to the data duplication in R15 PC5 CA, the V2X traffic may be periodical in nature and requires high reliability at the same time. For this case, it is necessary for the eNB to activate the SPS configuration on multiple V2X frequencies. In addition to the available V2X frequency set, it may be also necessary to notify the eNB of the PPPR or duplication indication via the UEAssistance information. 

In a word, the following options could be considered to enhance the SPS assistance information report.

Option 1) include one or more V2X frequencies associated with the SPS traffic in UEAssistanceInfo for R14 

Option 2) include one or more V2X frequencies associated with the SPS traffic in UEAssistanceInfo for R15 

Option 3) include PPPR of the SPS traffic or data duplication indication in UEAssistanceInfo for R15

Option 4) other information (If this option is selected, please clarify what the info is and how to use it)
Option 4-1) include 24-bit destination address / 4-bit destination index in UEAssistanceInfo for R15
	Company 
	Question 7: Which options could be considered to enhance the R14 legacy SPS assistance information report? 

	
	Option
	Detailed comments

	Qualcomm
	2 & 3
	For R15, Frequency set associated with a service needs to be reported in UE Assistance information. Also, similar to PPPP, PPPR needs to be provided. We do not support Option 1 because ASN.1 change in a frozen R14 is not desirable. 

	OPPO
	(2 or 4-1) and 3
	To solve address collision issue: For option-2, R15 might be enough since anyway R14 cannot fully support PC5 multi-carrier, and mainly target at single carrier case. Or if we can solve the address collision issue based on the questions above, which means that the network clearly knows the mapped frequency for each destination address (option 4-1), the destination address is doable as well.

To address the duplication issue: we agree option-3 is needed on top of option 2 or 4-1 to deliver the PPPR information. 

	Huawei
	Option 4-1
	Reuse the same logic as SL BSR, i.e. reporting DST related information of the traffic and making the eNB deduce the corresponding frequencies from SidelinkUEInformation. 

As for Option 3), we don't think something like PPPR or duplication indication needs to be included in UEAssistanceInfo intentionally for the purpose of duplication activation/deactivation.  It is sufficient to rely on the SL BSR in which PPPR is anyway to be reflected for the activation/deactivation of duplication for corresponding PPPR(s).  

	Ericsson
	Option 4-1
	It is sufficient to only include the L2 destination ID so that the eNB can figure out the frequencies in which a certain traffic pattern is expected to be scheduled. 

The PPPR may also be considered, but it is not strictly needed. The UE Assistance Information was introduced to aid the eNB in aligning the SPS occasions as much as possible with the packet arrival in the UE buffer, so that latency is minimized. However, when it comes to reliability requirements such timing accuracy might not be needed. The eNB can simply activate another SPS configuration for the duplicate and activate duplication, as soon as it detects (e.g. from SL BSR) that high PPPR packets are in the buffer. Configuration/activation latency should be negligible.

	ZTE
	2 and 3
	

	Lenovo
	Option 4-1
	We think both frequencies and destination ID can solve the problem for R15. We slightly prefer to indicate L2 destination ID in UEassistanceInformation so that eNB can make clear what service is target with by SPS scheduling.

	CATT
	Option 4-1
	PPPR can be reported in SidelinkUEInformation.

	Samsung
	Option 2
	Frequency associated with a service needs to be reported. 

	Nokia
	Option 4-1
	Based on destination ID, eNB can derive the associated V2X frequencies from SLUEInformation report.

	Intel
	Option 2 and 3
	Option 2 and 3 are ok. We agree with QC on the need for option 1 (or rather the lack thereof), especially since in our view, the focus of this WI is to define Rel-15 V2X enhancements, not impact existing Rel-14 UE behavior.

	LG
	Option 4-1)
	


Count:
Option 1: 0
Option 2 (V2X frequencies): 5

Option 3 (PPPR): 4

Option 4 (destination ID/destination index): 7
A majority of companies think it is necessary to inform the eNB of the V2X frequencies associated with the SPS traffic. Both option 2 and option 4 could be used for that purpose. Option 2 is more straightforward. It includes V2X frequencies associated with the SPS traffic in the SPS assistance information. For Option 4, it includes the destination ID in the SPS assistance information. eNB may deduce the V2X frequencies according to the V2X frequencies and destination ID mapping in SidelinkUEInformation. According to some of the comments, the option of destination address might not be workable for destination address collision scenario since the V2X messages for a given destination ID may be associated with different frequency sets. Destination index is also suggested for option 4. However, the destination index is associated with only one V2X frequency. Suppose more than one V2X frequencies are associated with the SPS traffic for a given V2X service, it might require multiple destination index be included in the SPS assistance information. In addition, it is also not workable for the destination address collision scenario.     
On the other hand, some companies suggest to include PPPR in the SPS assistance information. Suppose the V2X traffic is periodical in nature and requires high reliability, it is necessary to notify the eNB of the PPPR via the UEAssistance information so that eNB could activate the SPS configuration on multiple V2X frequencies. Some other companies have negative view of the PPPR since it might be reflected in the SL BSR. However, it is not clear if the eNB could associate the SL BSR with the specific SPS traffic pattern. RAN2 is suggested to further discuss it. 
Proposal 7: UE should inform the eNB of the V2X frequencies associated with the SPS traffic. It is FFS the detailed information for the V2X frequencies indication. 
Proposal 8: It is FFS if the PPPR should be included in the SPS assistance information report. 
3. Summary and conclusions
This contribution summaries the email discussion on destination address enhancement. Based on companies’ input, the proposals achieved by this email discussion are shown as follows.

Proposal 1: The 16 destination indexes are enough to cover both V2X services and V2X frequencies. 

Proposal 2: No enhancement is considered for the limitation of 16 destination indexes. 

Proposal 3: RAN2 to further discuss whether to consider the destination address collision. 
Proposal 4: For mode 3 UE, the carrier selection and resource allocation over carriers is up to eNB. It is FFS how the SL BSR is reported to eNB for data split scenario. 

Proposal 5: If the destination address collision is to be considered, it is FFS how to support the mode 3 resource allocation for this scenario. 
Proposal 6: SPS assistance information report should be enhanced to support the SPS activation on associated V2X frequency of SPS traffic.  
Proposal 7: UE should inform the eNB of the V2X frequencies associated with the SPS traffic. It is FFS of the detailed information for the V2X frequencies indication. 

Proposal 8: It is FFS if the PPPR should be included in the SPS assistance information report. 
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