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1. Introduction
In RAN 1_84, the following agreement was made (see [1]): 

Agreements:

· For  sidelink V2V communication mode-1, sidelink semi-persistent scheduling from the eNB is supported

· Sidelink semi-persistent scheduling means that the eNB allocates a set of periodically occurring resources for sidelink SA and data transmission.

· If the UE does not have data to transmit, UE does not transmit PSSCH
· FFS the details of signaling

· Resource allocation/release process FFS, may be different than existing LTE SPS scheme

In this contribution, we provide our views on semi-persistent transmission support for SL for both mode 1 and mode 2 operation.
2. Discussion
2.1 CAM message periodicity
There is a requirement that the E-UTRA(N) shall be capable of transferring periodic broadcast messages between two UEs supporting V2X Services with variable message payloads of 50-300 bytes, not including security-related message component (See CPR-019 in [2]). For many V2V data services, the message sizes are small and the inter-arrival time of transmission is fairly constant (for example, the CAM messages are periodic with frequency of 1-10 Hz). The control signaling overhead (PSCCH) can be significant in order to support a large number of vehicles. So, it is important to allocate the resources at once and let the vehicle use these resources instead of re-allocating the resources periodically. To support this efficiently, semi-persistent scheduling support is desirable for V2X communication. 
Although the CAM traffic is approximately periodic for relatively long intervals or in proximity of certain events, it is necessary to take into account the possible deviations when designing semi-persistent transmissions in the LTE V2X framework (see [3]). 

Figure 1 shows CAM message periodicity as a function of UE speed.  CAM messages are generated between 1 – 10 messages per second based on the speed of the UE.  However, it is likely that UEs in a given location share similar speeds, based on speed limits and the traffic in that location. Thus, the eNodeB can configure different periodicity of the CAM message reports from the UE based on the geo location of the transmitting UE. For example, the eNodeB can configure vehicles in the freeway to transmit their CAM messages more frequently, say every 100 ms, compared to vehicles on the side streets, who may be requested to transmit every 500 ms, for example. 
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Figure 1: CAM message generation rate as a function of vehicle speed
As a vehicle moves, its speed may vary in a few seconds (which is still slow compared to the communication time period) and over time, the periodicity P of the CAM message transmissions fom the UE will change, as shown in Figure 2. This will cause empty allocations and can lead to inefficient usage of resources as the vehicle speed changes. If a fixed period is assigned to the UE for SPS, either the period has to be dynamically updated or techniques to improve resource efficiency have to be considered.  Furthermore, the message size may also change when additional CAM information such as security information may be transmitted (see [3]). 
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Figure 2: SPS resource efficiency degradation due to speed change
Proposal 1: Consider dynamic variation of both CAM message periodicity and message size in SPS design for SL.
2.2 Shared SPS resource pool  

Dynamic adaptation of SPS periodicity based on UE speed, direction change, etc. can have high overhead for the eNodeB (for mode 1 operation) and can cause significant resource allocation adjustments (for mode 1 and mode 2 operation). One possible solution is to allocate shared SPS resources, which is configured by the eNB for semi-persistent transmissions from multiple vehicle UEs. Multiple vehicle UEs can share a common set of SPS resources. 
Since the SPS resources are not exclusive to a UE, there is now a need to send control information for every SPS transmission followed by the CAM message. The SPS information is used to inform other UEs of transmission parameters for subsequent reception. This method allows the UE to use different MCS/TBS depending on its SINR or data TBS it needs to convey, which is useful to accommodate the payload variation. The RBs in the shared SPS resources can be configured by the eNB using RRC, for example in mode 1 or could be based on sensing in Mode 2. When the UE has CAM data to transmit, the UE sends control information about the SPS data transmission (such as UE ID, MCS, RBs from the configured RBs, etc.). 
Proposal 2: Consider a shared SPS pool that is shared by multiple UEs for SL.
2.3 Periodicity based SPS resource allocation  

The resource allocation in the shared SPS resource pool can be based on the dynamic periodicity of CAM message transmissions. In periodicity based allocation, SPS messages are multiplexed based on message periodicity. i.e. transmitting UE tries to multiplex UEs, if possible, in a given resource allocation while aiming to minimize possible collisions.  This can be better than random resource allocation where transmitting UEs randomly pick a SPS resource or exclusive resource allocation where SPS transmissions are dropped due to lack of sufficient resources.
Figure 3 shows an example of periodicity based SPS resource allocation, where the resources are allocated in the shared set according to dynamic periodicity (due to speed changes, for example). The UE changes its selected resource for UL transmission if there is a change in periodicity of the CAM message transmission (due to change in speed/direction etc.). For slower speed UEs, as shown by UE-3 for example, the periodicity of CAM message transmissions is larger and that means more slow speed UEs can be multiplexed in the same resource allocation. For example, UE-2 and UE-4, which have the same periodicity can be multiplexed into the same set of resources in time but being offset by the periodicity P (= 100 ms, in this example). If the speed of UE-4  decreases at a later time, it changes its resource allocation and finds another set of resources or vehicles to get multiplexed with. 
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Figure 3: Periodicity based SPS resource allocation
Proposal 3: Consider periodicity based resource allocation for SPS on SL, where multiple UEs can be multiplexed in same resource while minimizing overlaps.
SPS indication for CAM vs. DENM messages:

CAM and DENM messages can be distinguished based on RNTI. All periodic CAM messages for V2V SL are scrambled by SPS-SL-RNTI while DENM messages can be scrambled by SL-RNTI. DENM messages, being aperiodic, do not use semi-persistent transmissions. However, DENM messages can have increased number of repetitions within frame or sub-frame to provide higher reliability.

Proposal 4: Distinguish CAM and DENM messages based on SPS SL-RNTI.
2.3 Performance validation  

	Figure 4 shows an example comparing the different SPS allocation schemes.  In this example, we assume up to 32 exclusive resources are available for SPS transmissions. The UEs are assumed to be transmitting 3 – 5 messages per second for speeds between 40 – 75 km/hr on a freeway. As can be observed, when the number of UEs in the resource set is less than 32, exclusive allocation works fine with no collisions. However, periodicity based allocation allows ~90 UEs to be allocated due to the ability to multiplex SPS resources in the pool. Random allocation is worse when number of UEs < 32 but is better than exclusive allocation when number of UEs get large. 
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Figure 4: UEs generating 3-5 CAM messages/sec
Figure 5 shows an extreme case when all UEs are transmitting 10 messages per second. In this case, there is no performance benefit of periodicity based allocation since there are no UEs available to multiplex as all UEs are transmitting at 100 ms periodicity. 
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Figure 5: UEs generating 10 CAM messages/sec


	On the other hand, if the UEs are transmitting only 1 message/sec (for example, at stop sign), the periodicity based allocation shows significant gains and no collisions are observed, as shown in Figure 6. 
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Figure 6: UEs generating 1 CAM message/sec


3. Conclusion
Based on the discussion, the following proposals are made: 
Proposal 1: Consider dynamic variation of both CAM message periodicity and message size in SPS design for SL.

Proposal 2: Consider a shared SPS pool that is shared by multiple UEs for SL.

Proposal 3: Consider periodicity based resource allocation for SPS on SL, where multiple UEs can be multiplexed in same resource while minimizing overlaps.

Proposal 4: Distinguish CAM and DENM messages based on SPS SL-RNTI.
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