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1 Introduction
In the last RAN2#94 meeting, some initial agreements on the new SPS protocol for V2X were made.

	Agreements related to V2V WI from discussions/agreements in 8.11.1 

· Multiple SPS configuration with different configuration parameters can be configured by eNB.   Which SPS configuration is being activated/deactivated can be signalled.  Details of control signalling are left to RAN1.  It is FFS whether we allow multiple configurations to be active at the same time.  Two options are possible:

· One active SPS at a time (as per LTE) 

· Multiple SPS active at a time (SPS configuration and UE assistance information may be linked to one or more radio bearers).

· UE assistance at least on periodicity and/or timing can be provided to eNB.  UE assistance can be configured by eNB.  UL SPS configuration is decided by eNB.  Triggering of UE assistance are FFS  

For V2V WI (PC5) and V2X (Uu) conclusion:

· From a RAN2 point of view, for UL SPS, it is not necessary to send an indication to the eNB that an SPS grant will not be used.  Therefore, the working assumption on “the UE can indicate to the eNB that it does not intend to transmit data before a transmission associated to an SPS configuration” is not needed.


In this paper we develop this topic further. Some more stage-3 details on this topic are given in our companion CRs [1]

 REF _Ref458808538 \n \h 
[2].

2 Discussion
The new SPS protocol for V2X consists of two main features:

-
Multiple SPS configurations provided by the eNB

-
UE assistance at least on periodicity and/or timing can be provided to eNB

In the following, we describe in more details the implications of the two above features.
2.1 Multiple SPS configurations 
The eNB can configure the UE with multiple SPS configurations. Regarding activation, two options are possible, either one active SPS configuration at a time or multiple SPS configurations active at a time. In our view, the main benefit of configuring multiple SPS configuration is the possibility to also have them active in parallel. If only one active SPS configuration is allowed, then in case the UE is running in different traffic types in parallel, the eNB would need to continuously activate/release the different SPS configurations and the UE would need to report UE assistance information more often. Therefore, we propose the following:
Proposal 1 The UE supports multiple independent active SPS configurations at a time. FFS how many SPS configurations.
In practice, similar to what happens in LTE, the eNB configures the UE with multiple possible sidelink SPS configurations via RRC signalling and activates/deactivates each of the configured SPS configurations with lower layer signalling, e.g. PDCCH as for the UL SPS in LTE. 
Proposal 2 Similar to LTE, the SPS configuration(s) is carried over RRC, while activation/release is carried via PDCCH. 

Regarding how to address an SPS configuration there are 2 different alternatives:

1.
A dedicated SPS C-RNTI for each SPS configuration is assigned by eNB.
2.
A single SPS C-RNTI valid for all the SPS configurations is assigned by eNB.
In both cases it is assumed that, similar to LTE, the UE shall monitor in every subframe the PDCCH with CRC scrambled with SPS C-RNTI to check whether the SPS is released/(re)-activated. Therefore, option 1 seems to require a bit more UE complexity since the UE shall simultaneously monitor for multiple SPS C-RNTI potentially both for PC5 and Uu. Additionally, it is always beneficial to limit consumption of the RNTI space. Additionally, option 2 seems simpler from UE complexity, and it looks more aligned with current SPS specification, where a single UE-specific SPS C-RNTI valid for both UL and DL SPS is assigned to the UE.
Observation 1 In current specification, both UL and DL SPS are associated to a single UE-specific SPS C-RNTI.
Proposal 3 All the SPS configurations (i.e. uplink, downlink, sidelink) are associated to a single UE-specific SPS C-RNTI.

In order to address multiple SPS configurations, each SPS configuration should be associated to an index that the eNB can use to activate/release that specific SPS configuration via PDCCH. This is similar to cross-carrier scheduling and should not require large standardization effort. Obviously, a separate DCI (e.g. DCI5, or a new DCI defined by RAN1) should be used for sidelink.
Additionally, since V2V communication might be a multicarrier type of communication, it is worth also indicating the carrier to which the SPS configuration applies. 

It might be beneficial if the SPS configuration also indicates the associated traffic (e.g. in the form of logical channel ID or PPPP) that the UE should prioritize when using this SPS configuration. If an LCID is used, traffic from that logical channel is prioritized over traffic from other channels when performing the logical channel prioritization for transmission on the SPS resource. If a PPPP is used, then traffic from logical channels with that priority is prioritized.
Finally, the eNB should also provide at least the SPS scheduling interval (i.e. the SPS periodicity) of each SPS configuration. To this end, there seems to be quite good consensus in RAN2 to include at least (100ms, 200ms, 300ms, 400ms, 500ms, 600ms, 700ms, 800ms, 900ms, 1000ms). We also propose to introduce 50ms, because in case the UE assistance information it is not supported by the UE/eNB, this value corresponds to half of the minimum CAM message generation and allow to reduce latency in case of misalignment between CAM generation and SPS. Note that also for legacy SPS, 10ms SPS scheduling interval is supported, i.e. half of the VoIP packet generation.
Proposal 4 Each SPS configuration should at least indicate 
a. The SPS scheduling interval of sidelink data subframes (e.g. 50sf¸ 100sf, 200sf, 300sf, 400sf, 500sf, 600sf, 700sf, 800sf, 900sf, 1000sf),
b. The index of the SPS configuration, 
c. The priority (LCID/PPPP) associated to this SPS configuration,

d. The carrier to which this SPS configuration applies.

Proposal 5 The PDCCH format (e.g. DCI5, or a new DCI for sidelink) contains at least the index of the specific SPS configuration to be (re)activated/released.
Whether additional L1 parameters (e.g. MCS, transmitting power etc.) should be included in the SPS configuration is up to RAN1 discussion.
Proposal 6 Whether additional L1 parameters (e.g. MCS, transmitting power etc.) should be included in the SPS configuration is up to RAN1 discussion. 
In legacy UL SPS, 
it is defined since Rel-9, an SR mask (logicalChannelSR-Mask) associated to each logical channel which controls whether for that logical channel SR is allowed to be triggered or not. This feature is particularly useful to avoid that the UE sends SR for periodic traffic (e.g. VoIP) that instead should exploit the configured SPS. We believe that this feature can be useful also in case of V2V to limit the burden on SR resources. Therefore, an SR mask can be configured per LCID or PPPP either as part of the SPS configuration or as part of sidelink communication configuration. 

Observation 2 For periodic traffic configured with SPS, it is beneficial to limit SR resource consumption.

Proposal 7 As in legacy UL SPS, introduce an SR mask associated to priority (e.g. LCID/PPPP) to control the SR triggering when an SPS grant is configured.
2.2 UE assistance information
Related to UE assistance information, in our view, different open issues should be discussed:
-
How to signal UE assistance information

-
The content of the UE assistance information

-
The rules to trigger UE assistance information 
The above open issues are discussed in the following.
2.2.1 How to signal UE assistance information

The UE assistance information should consist of information related to sidelink traffic types that the eNB can use to decide whether to configure/release/(re)activate SPS. Therefore, since the UE assistance information just provides information on sidelink traffic types, we do not see the need to explicitly tie the UE assistance information to SPS and the eNB can indicate for which LCID/PPPP UE assistance information is desired.

Proposal 8 UE assistance information can be configured by eNB per LCID/PPPP, separately from the SPS configurations.

In fact, the UE can deduce that:

-
A new traffic pattern has been initiated by the application layer (new SPS configuration may be activated)

-
A traffic pattern has changed the offset/periodicity (an existing SPS configuration may be re-activated)

-
A traffic pattern has been terminated (an existing SPS configuration may be released)

The above SPS protocol can be summarized in the figure below:
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Figure 1: SPS protocol for V2V.
From the above, we note that the UE assistance information directly affects the scheduling decisions, and since the SPS (re)activation/release is sent over PDCCH, it seems more natural to include this information in a MAC CE rather than RRC. Additionally, if the UE sends both SL-BSR and UE assistance information, the eNB can more easily combine such reports if also the UE assistance information is sent in MAC CE. This is also in line with the work item on latency reduction, where there will be a new MAC CE to confirm SPS activation/release. 
Observation 3 Reporting the UE assistance information in MAC CE seems to be in line with the newly introduced MAC CE to confirm SPS activation/release (agreed in the latency reduction work item).

More specifically, two separate MAC CEs can be used to indicate whether a change in the offset/periodicity has occurred (which could trigger (re)activation from eNB), or an SPS configuration should be released (which could trigger release from eNB), since the content of the two indications might be quite different. 

Proposal 9 UE assistance information to indicate periodicity/offset change and SPS release indication are sent in MAC CEs. 

While the signalling of periodicity/offset changes should be optionally supported, we believe that support of UE assistance information to signal SPS release should be mandatory supported if sidelink SPS is supported.
Proposal 10 SPS release indication should be mandatory supported if sidelink SPS is supported.
2.2.2 Content

Next question is how to represent such UE assistance information. The simplest solution seems to introduce in MAC a set of possible SPS scheduling intervals associated to an index. The UE reports the index of the desired SPS scheduling interval. The SPS offset can be represented similarly to the sidelink gap offset, i.e. with a sidelink offset indicator that indicates the offset from the start of SFN 0 to the TTI in which next packet is expected.. 
Proposal 11 The UE reports the index of the desired SPS scheduling interval among a set of defined SPS scheduling intervals, and an offset indicator which indicates the offset from SFN 0 to the next expected transmission time. 
The (re)activation can be done by indicating the LCID/PPPP to which the UE assistance information refers to. In this way, the eNB can properly dimension the SPS grant and (re)activate an SPS configuration, e.g. with a different offset/periodicity.

Proposal 12 The UE assistance information should also include the LCID/PPPP in order to aid the eNB to properly (re)activate an SPS configuration.

The UE assistance information with SPS release indication can be done by indicating the SPS configuration indexes that the UE does not need any longer. 
Proposal 13 The SPS release indication consists of the indexes of the SPS configurations to be released.
2.2.3 Triggering rules

A further aspect to consider is the overhead of the UE assistance information. In highly varying traffic conditions, the UE assistance information might be triggered quite often. Therefore, we believe that some rules to mitigate the frequency of such reporting are needed. Moreover, introducing a mechanism that controls how and when the UE assistance information is triggered is also important to allow RAN4 to test the UE assistance information feature.
Observation 4 The UE assistance information report should be testable by RAN4, therefore it is important to specify a mechanism that defines how and when the report is triggered.
More in details, further alternatives for triggering the UE assistance information should be discussed. Possible options are the following:
1.
The estimated periodicity/timing offset for a certain logical channel is larger than a certain configured threshold.

2.
The estimated data arrival is not within a configured time window from the next SPS occasion.

3.
No UE assistance information transmitted for the same logical channel within a configured prohibit timer.

It is important to note that a slight misalignment between the excepted packet arrival and the SPS occasion does not really affect the latency, therefore transmission of UE assistance information should be avoided if next SPS occasion is sufficiently close to the expected packet arrival.

Observation 5 It is beneficial to prevent transmission of UE assistance information in case the offset between a configured SPS occasion and the expected packet arrival is small.

For this reason, as illustrated in Figure 2, Option 2 seems to limit the overhead of signalling, without impacting the UE performances.
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Figure 2: Triggering rule for UE assistance information
Also Option 3 is important to include, since it avoids that once a UE assistance information has been transmitted, no new transmissions are allowed within a certain prohibit timer.

Proposal 14 UE assistance information for a certain LCID/PPPP should not be transmitted in case the estimated data arrival is not within a configured time window from the next SPS occasion, and no UE assistance information transmitted within prohibit timer. 
How the periodicity/offset is calculated can be left to UE implementation; however we believe that it can be beneficial for the overall system performances if all UEs take into consideration similar statistics, e.g. the estimation of the offset/periodicity considers the previous N (e.g., N=3) packets received from upper layers.
Proposal 15 Periodicity/offset estimation considers the previous N packets received by radio layers from upper layers for a certain LCID/PPPP. N is configurable by the network.

Similarly, also rules to trigger the UE assistance information with SPS release indication should be specified. The simplest option is to adopt the same mechanism as in legacy UL SPS, in which the eNB configures the implicitReleaseAfter parameter which indicates the number of empty transmissions before release. In this case, the eNB can configure a sidelinkReleaseAfter to indicate when a sidelink SPS configuration shall be released.
Proposal 16 A configured sidelink SPS is released and an SPS release indication is triggered only after a number of empty transmissions (similar to implicitReleaseAfter in UL SPS).
Stage-3 details on this topic are given in our companion CRs [1][2].
3 Conclusion

In section 2 we made the following observations:
Observation 1
In current specification, both UL and DL SPS are associated to a single UE-specific SPS C-RNTI.
Observation 2
For periodic traffic configured with SPS, it is beneficial to limit SR resource consumption.
Observation 3
Reporting the UE assistance information in MAC CE seems to be in line with the newly introduced MAC CE to confirm SPS activation/release (agreed in the latency reduction work item).
Observation 4
The UE assistance information report should be testable by RAN4, therefore it is important to specify a mechanism that defines how and when the report is triggered.
Observation 5
It is beneficial to prevent transmission of UE assistance information in case the offset between a configured SPS occasion and the expected packet arrival is small.


Based on the discussion in section 2 we propose the following:
Proposal 1
The UE supports multiple independent active SPS configurations at a time. FFS how many SPS configurations.
Proposal 2
Similar to LTE, the SPS configuration(s) is carried over RRC, while activation/release is carried via PDCCH.
Proposal 3
All the SPS configurations (i.e. uplink, downlink, sidelink) are associated to a single UE-specific SPS C-RNTI.
Proposal 4
Each SPS configuration should at least indicate
a.
The SPS scheduling interval of sidelink data subframes (e.g. 50sf¸ 100sf, 200sf, 300sf, 400sf, 500sf, 600sf, 700sf, 800sf, 900sf, 1000sf),
b.
The index of the SPS configuration,
c.
The priority (LCID/PPPP) associated to this SPS configuration,
d.
The carrier to which this SPS configuration applies.
Proposal 5
The PDCCH format (e.g. DCI5, or a new DCI for sidelink) contains at least the index of the specific SPS configuration to be (re)activated/released.
Proposal 6
Whether additional L1 parameters (e.g. MCS, transmitting power etc.) should be included in the SPS configuration is up to RAN1 discussion.
Proposal 7
As in legacy UL SPS, introduce an SR mask associated to priority (e.g. LCID/PPPP) to control the SR triggering when an SPS grant is configured.
Proposal 8
UE assistance information can be configured by eNB per LCID/PPPP, separately from the SPS configurations.
Proposal 9
UE assistance information to indicate periodicity/offset change and SPS release indication are sent in MAC CEs.
Proposal 10
SPS release indication should be mandatory supported if sidelink SPS is supported.
Proposal 11
The UE reports the index of the desired SPS scheduling interval among a set of defined SPS scheduling intervals, and an offset indicator which indicates the offset from SFN 0 to the next expected transmission time.
Proposal 12
The UE assistance information should also include the LCID/PPPP in order to aid the eNB to properly (re)activate an SPS configuration.
Proposal 13
The SPS release indication consists of the indexes of the SPS configurations to be released.
Proposal 14
UE assistance information for a certain LCID/PPPP should not be transmitted in case the estimated data arrival is not within a configured time window from the next SPS occasion, and no UE assistance information transmitted within prohibit timer.
Proposal 15
Periodicity/offset estimation considers the previous N packets received by radio layers from upper layers for a certain LCID/PPPP. N is configurable by the network.
Proposal 16
A configured sidelink SPS is released and an SPS release indication is triggered only after a number of empty transmissions (similar to implicitReleaseAfter in UL SPS).
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