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1 Introduction

In RAN2 #95 meeting, the following agreements were reached with respect to sidelink SPS for V2V [1] 
	Agreements:
· Multiple SPS can be activated simultaneously
· UE assistance triggers are left to UE implementation.  The network should be able to configure UE assistance information.  

· The UE assistant information includes a set of preferred expected SPS interval, timing offset with respect subframe0 of the SFN0 (frame and subframe number).  FFS if per logical channel.  

UE assistance:

· The UE Assistance Information is allowed to be reported if change in estimated periodicity of packet arrival occurs

· The UE Assistance Information is allowed to be reported if change in estimated offset of packet arrival occurs

· The UE assistance information is configured by the eNB

· The UE Assistance Info can be reported both in case SPS is configured or not

· UE Assistance Info per SPS existing or suggested configuration(s).  Details of configurations are FFS.  

· UE Assistance information reporting is configured by the eNB at least for PC5 V2X.

· Additional Content of UE 

· If configured by the eNB, SPS index of the SPS configuration

· 


Despite the progress, there remain many additional key aspects that need to be further concluded, and V2V SPS over sidelink were left to an email discussion as reported in [2]
Based on the conclusions of [2], this contribution further discusses SPS over sidelink. Particularly, we will focus on several key points which have not been covered or remain unable to be concluded by [2], and provide potential solutions correspondingly. 
2 Discussion on SPS Configuration
In [2], nearly all companies agree that in the multiple SPS case, there should be an association between SPS configurations and sidelink logical channels. This means that each SPS configuration should be associated with a specific sidelink logical channel. As a result, such an association is concluded by [2]. 
Observation 1: According to the preference of the majority of companies, it is concluded by the email discussion that there should be an association between SPS configurations and sidelink logical channels, i.e., each SPS configuration should be associated with a specific sidelink logical channel. 
Following this view from the majority of companies’, the rest of the discussion will be based on the assumption that each SPS configuration is associated with a specific sidelink logical channel. 
2.1 How to Associate SPS with Sidelink Logical Channel
It is controversial in [2] how specifically each SPS is associated with a sidelink logical channel, and especially whether to associate each SPS configuration with the PPPP, LCID and/or Destination L2 IDs of the specific sidelink logical channel.  

From our point of view, it may be inappropriate to associate an SPS configuration with a PPPP or with only an LCID, because a PPPP or an LCID may not be able to uniquely identify a sidelink logical channel. Specifically: 

· As for PPPP, it clearly says in 36.321 that “Each sidelink logical channel has an associated priority which is the PPPP. Multiple sidelink logical channels may have the same associated priority.” which means each PPPP can be associated with multiple sidelink logical channels. As a result, it is possible that different flows of V2X traffic, which are associated with the same PPPP, are actually mapped into different logical channels by the UE; otherwise, if all were mapped into a single logical channel, the actual data arrival may not be periodic even if each flow is periodic. Therefore, if an SPS is only associated with a PPPP which functions as the associated priority for multiple logical channels, it is unclear which specific logical channel with this PPPP the SPS configuration is actually associated with, and which of them can actually use the related SPS grant.
· Also, an LCID may not uniquely indicate a sidelink logical channel due to potentially different Destination L2 IDs for a UE’s V2X communication. As SA2 agreed that different destination IDs can be used to identify different V2X services (e.g., PSID or ITS-AIDs) [3], the LCID by itself may also not be sufficient to indicate the specific logical channel the SPS configuration is associated with. 

In a words, if an SPS configuration was associated with a PPPP or only an LCID, the UE would face a problem to decide which is the specific logical channel associated with this SPS if multiple sidelink logical channels correspond to this same PPPP or LCID. 

Observation 2: With a PPPP/LCID being allowed to be associated with multiple sidelink logical channels, if an SPS configuration was associated with a PPPP/LCID, the UE would face the problem to decide which specific logical channel is actually associated with this SPS if multiple sidelink logical channels are actually associated with this same PPPP/LCID. 

In fact, it is a pair of LCID and Destination L2 ID that uniquely identifies a sidelink logical channel in a transmitter UE. Hence, to avoid the problem identified in observation 1, we may associate each SPS configuration with a pair of LCID and Destination L2 ID. This can clearly indicate the specific sidelink logical channel to which the SPS is associated. 
Proposal 1: An SPS configuration should be associated with a pair of LCID and Destination L2 ID which indicate the specific sidelink logical channel to which the SPS is associated.
Additionally, we think that each SPS configuration can include the associated pair of LCID and Destination L2 ID in its configuration parameters. 

Proposal 2: Each SPS configuration includes the associated pair of LCID and Destination L2 ID in its configuration parameters. 
2.2 Support of Sidelink SR-mask or Not
Another controversial aspect that cannot be concluded is whether to introduce the SR-mask into sidelink. However, from our perspective, the following problems may arise, if sidelink SR-mask was introduced.
· Firstly, in case the traffic periodicity of a V2X sidelink logical channel changes (e.g. CAM), the UE may need some time to observe the arrival interval of a number of V2X messages so as to detect the new periodicity, and an SPS configured with the previous periodicity may not work well during this time. Then, for V2X messages during such an observation period, and since the new periodicity has not yet been determined, the UE may still need dynamic scheduling to transmit them. However, if the SR-mask is configured to this specific logical channel, it will prevent the UE from triggering SR and requesting dynamic scheduling for those V2X messages during periodicity change as discussed above. As a result, this will lead to potential packet losses. 

· Secondly, the size can be variable for V2X messages (e.g. CAM). When a large packet arrives in a sidelink logical channel and exceeds the TB size of the SPS grant, the UE may be prevented from triggering SR and requesting sufficient resources to support the transmission of this large packet, if this logical channel is configured with an SR-mask. This may also result in potential packet losses. 
Therefore, the UE may still need to trigger SR and request dynamic scheduling for a sidelink logical channel that is configured with SPS, in case of the periodicity and/or packet size change, but an SR-mask may prohibit the UE from doing so, thus leading to potential packet losses. 
Observation 3: Even if configured with an SPS for a sidelink logical channel, the UE may still need to trigger SR and request dynamic scheduling for this specific logical channel in case of traffic periodicity and/or packet size change (e.g. CAM). 

Observation 4: If a sidelink SR-mask was introduced and configured to a sidelink logical channel, it would prevent the UE from triggering SR and requesting dynamic scheduling for this logical channel in case of traffic periodicity or packet size change. This may further cause potential packet losses. 

To avoid such a problem, therefore, we propose not to introduce SR-mask to sidelink. 
Proposal 3: Do not introduce sidelink SR-mask. 
2.3 MCS for Sidelink SPS
The email discussion in [2] did not discuss MCS configuration for sidelink SPS. Currently, there is no field in DCI format 5A for MCS, and this is also likely to be the case for the DCI of sidelink SPS which will likely be based on DCI format 5A. Thus, we think that the MCS for sidelink SPS may also be optionally configured via RRC as with the scheduled mode of existing sidelink communication. 
However, in existing sidelike communication, the MCS (if configured) is provided in a UE-specific manner and it is used for dynamic scheduling. By contrast, in case the SPS configurations are associated with sidelink logical channels, since different logical channels typically have different reliability requirements and packet sizes, it may thus not be appropriate that the SPS configurations are actually associated with different sidelink logical channels but configured with the same MCS. As a result, we propose an SPS-specific MCS for each of the sidelink SPS configurations which can be optimally configured in RRC.  

Proposal 4: In the case of the association between SPS configurations and sidelink logical channels, each SPS can be optionally configured with an MCS in its RRC configuration, so as to adapt to the reliability requirements and characteristic packet size of its associated sidelink logical channel. 

2.4 Data Multiplexing at Each SPS Occasion
Despite the sidelink SPS configurations discussed in the email discussion, MAC impacts related to the use of sidelink SPS grants may not have been fully discussed therein. One important aspect is how to multiplex data at a given SPS occasion, which together with its corresponding SPS configuration, is associated with a specific sidelink logical channel. Logically, when an SPS which is associated with a sidelink logical channel is activated, the related SPS grant ought to be used to transmit the traffic data in the sidelink logical channel associated to this SPS configuration.

However, in legacy sidelink communication, data multiplexing for each sidelink grant is done via the sidelink logical channel prioritization (LCP) procedure, which does not designate a sidelink grant to transmit the data of any specific sidelink logical channel. If the existing sidelink LCP procedure is directly reused, the data of the sidelink logical channel associated with an SPS may be served by an SPS (and related SPS grant) associated with another sidelink logical channel. This is not optimal, because the SPS associated with a given sidelink logical channel may be configured to match its traffic characteristics and satisfy its requirements, whereas the SPS associated with other logical channels may not. As a result, in case an SPS is associated with a specific sidelink logical channel, enhancements may be needed to the sidelink LCP procedure. 

Observation 5: The existing LCP procedure for sidelink does not designate a sidelink grant to transmit the data of any specific sidelink logical channel. Enhancement of the sidelink LCP procedure is needed to support multiple SPS activation, in case that each sidelink SPS activated is associated with a specific sidelink logical channel. 

Regarding the above problem, an enhancement for sidelink LCP may work as follows: When an SPS configuration is activated and associated with a specific sidelink logical channel, then for each related SPS grant, the UE will prioritize multiplexing the data of the sidelink logical channel associated with this SPS, until the data of this specific logical channel is depleted or the grant is used up, whichever comes first. Then, if the grant is not fully occupied, the UE can multiplex the data of other sidelink logical channels, following the existing sidelink LCP procedure. This enhancement for sidelink LCP to support multiple SPS activations is proposed as follows. 
Proposal 5: In case that an SPS configuration is activated and associated with a specific sidelink logical channel, for each related SPS grant, the UE may perform sidelink LCP as follows:

· First multiplex the data of the sidelink logical channel associated with this SPS until the data of the specific logical channelis depleted or the grant is used up, whichever comes first. 

· If the grant is not fully occupied, the UE will multiplex the data of other logical channels, following the existing sidelink LCP procedure. 
In such a manner, the SPS grants related to an SPS configuration are guaranteed to transmit the data of the sidelink logical channel associated with this SPS configuration.
3 Discussion on UE Assistance Information 

The content of the UE assistance information is another important topic discussed in [2]. A majority of companies would like to further include the estimated packet size in the UE assistance information besides what has already been agreed. 

However, from our point of view, it can be rather difficult, if not impossible, for the UE to report the V2X message size via the UE assistance information. Specifically, to include packet size in the UE assistance information, it means that the UE itself should judge the specific packet size that ought to be reported to the eNB. However, according to the CAM characteristics captured in [4], the message size of CAM can experience rather significant variation (e.g. without certificate vs. with certificate). In this case, it would be very difficult for the UE itself to decide an appropriate packet size to report to the eNB. For example, if the UE reports the maximum size it detects, then it is likely to report the size of the large message with certificate which will result in severe wastage of the assigned SPS grants. Otherwise, if the UE reports an average size, then insufficiency of SPS grants is further introduced in addition to the resource wastage.
Observation 6: It can be rather difficult (if not impossible) for the UE itself to decide an appropriate message size and report it via the UE assistance information, due to potentially significant variation of V2X messages size (e.g. CAM).
By contrast, in legacy SPS, the packet size is determined by the eNB from information provided by BSRs. Therefore, we would like to follow the legacy operation and leave this issue to eNB implementation, rather than mandate the UE to perform this task which is difficult for it.
Proposal 6: For sidelink SPS, it is suggested that the message size is reported by the sidelink BSR, instead of in the UE assistance information.

Besides the message size, companies were also concerned about whether/how to indicate the sidelink logical channel the UE assistance information is actually associated with, e.g. if no SPS has been configured yet to the UE. From our point of view, this discussion is quite similar to associating SPS configurations with sidelink logical channels, both of which mainly focus on how to clearly indicate the specific sidelink logical channel being associated. As we have clarified that each sidelink logical channel is uniquely identified by a pair of LCID and Destination L2 ID at the transmitter, we have the following proposal. 
Proposal 7: The UE assistance information should also include the pair of LCID and Destination L2 ID for the sidelink logical channel it is associated with, in case for example no SPS configuration has been associated to this specific sidelink logical channel.
Note that, even though SPS grants have been allocated for a SL logical channel, it is still possible that the buffer size of this sidelink logical channel is reported in a sidelink BSR. In this case, the eNB should know whether a portion of the buffer size reported in the sidelink BSR has already been allocated with SPS grants. As the buffer size in the SL BSR is only associated with LCG ID/PPPP, it is beneficial for the UE to report PPPP as well together with the LCID and Destination L2 ID pair in UE assistance information.
Proposal 8: PPPP may also be reported along with the pair of LCID and Destination L2 ID in the UE assistance information.
4 Conclusion

In this contribution, we discuss detailed solutions for sidelink SPS. Some observations and proposals of this paper are listed as follows. 

Observation 1: According to the preference of the majority of companies, it is concluded by the email discussion that there should be an association between SPS configurations and sidelink logical channels, i.e., each SPS configuration should be associated with a specific sidelink logical channel.
Observation 2: With a PPPP/LCID being allowed to be associated with multiple sidelink logical channels, if an SPS configuration was associated with a PPPP/LCID, the UE would face the problem to decide which specific logical channel is actually associated with this SPS if multiple sidelink logical channels are actually associated with this same PPPP/LCID. 

Observation 3: Even if configured with an SPS for a sidelink logical channel, the UE may still need to trigger SR and request dynamic scheduling for this specific logical channel in case of traffic periodicity and/or packet size change (e.g. CAM). 

Observation 4: If a sidelink SR-mask was introduced and configured to a sidelink logical channel, it would prevent the UE from triggering SR and requesting dynamic scheduling for this logical channel in case of traffic periodicity or packet size change. This may further cause potential packet losses. 

Observation 5: The existing LCP procedure for sidelink does not designate a sidelink grant to transmit the data of any specific sidelink logical channel. Enhancement of the sidelink LCP procedure is needed to support multiple SPS activation, in case that each sidelink SPS activated is associated with a specific sidelink logical channel.
Observation 6: It can be rather difficult (if not impossible) for the UE itself to decide an appropriate message size and report it via the UE assistance information, due to potentially significant variation of V2X messages size (e.g. CAM).
Proposal 1: An SPS configuration should be associated with a pair of LCID and Destination L2 ID which indicate the specific sidelink logical channel to which the SPS is associated.
Proposal 2: Each SPS configuration includes the associated pair of LCID and Destination L2 ID in its configuration parameters.
Proposal 3: Do not introduce sidelink SR-mask.
Proposal 4: In the case of the association between SPS configurations and sidelink logical channels, each SPS can be optionally configured with an MCS in its RRC configuration, so as to adapt to the reliability requirements and characteristic packet size of its associated sidelink logical channel.
Proposal 5: In case that an SPS configuration is activated and associated with a specific sidelink logical channel, for each related SPS grant, the UE may perform sidelink LCP as follows:

· First multiplex the data of the sidelink logical channel associated with this SPS until the data of the specific logical channelis depleted or the grant is used up, whichever comes first. 

· If the grant is not fully occupied, the UE will multiplex the data of other logical channels, following the existing sidelink LCP procedure.
Proposal 6: For sidelink SPS, it is suggested that the message size is reported by the sidelink BSR, instead of in the UE assistance information.

Proposal 7: The UE assistance information should also include the pair of LCID and Destination L2 ID for the sidelink logical channel it is associated with, in case for example no SPS configuration has been associated to this specific sidelink logical channel.
Proposal 8: PPPP may also be reported along with the pair of LCID and Destination L2 ID in the UE assistance information.
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