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Introduction
RAN plenary #75 approved a work item for 3GPP V2X Phase 2 to support advanced V2X services as identified in SA1 TR 22.886. The following topics are part of the detailed objectives of this work item:
1. Specify solutions for the following PC5 functionalities, which can co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs: [RAN1, RAN2, RAN4]
a) Carrier aggregation (up to 8 PC5 carriers);
b) 64QAM;
c) Reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission;
d) Radio resource pool sharing between UEs using mode 3 and UEs using mode 4;
In this contribution we discuss item d). In companion papers [1], [2], [3] we discuss a), b), c), respectively.
Sidelink Transmission Modes and Resource Pools
Rel-14 V2X specifies two modes of sidelink transmissions, known as Sidelink Mode 3 and Mode 4.
· Mode 3 refers to network-controlled transmission mode: the eNB schedules a sidelink transmission by sending a DCI format 5A to the UE. The UE will incorporate the DCI contents into its SCI (SCI format 1) and transmit the SCI in the sidelink to notify the receivers about the associated data transmission.
· Mode 4 refers to autonomous transmission mode: each UE tries to learn and predict the behaviour of other UEs to find the best resources for its transmissions. The sensing protocol is based on reading the SCI format 1 sent by other UEs (if the SA containing the SCI is decoded successfully) and measuring received signal power in resource blocks.
As a result of the above design, there are two options for resource pool allocation for V2X: in the first option the network configures separate (non-overlapping) resource pools for Mode 3 and Mode 4, and in the second option the resource pools of the two modes at least partially overlap. The first option has an advantage of avoiding potential coexistence issues between the two modes but has the disadvantage of inefficient use of the system resources. Specifically, if the size of each pool is fixed then a pool can be underutilized or overutilized, depending on the real traffic conditions in the network. On the other hand, dynamic reconfiguration of resource pools is not advisable since it consumes signaling resources and may have large impact on the system’s stability, such as potential disruption of ongoing communication processes. The second option, meanwhile, allows for more efficient use of system resources. 
Rel-14 V2X, however, does not include any optimized mechanism that allows an efficient coexistence between mode-3 and mode-4 in the same set of resources Mode 3 UEs and Mode 4 UEs to share the same set of resources. 
Observations:
· It is desirable that Mode 3 UEs and Mode 4 UEs can efficiently share the same resource pool.
· There is no specific existing mechanism supporting efficient coexistence of Mode 3 UEs and Mode 4 UEs in the same resource pool.

Resource Pool Sharing Between Mode 3 and Mode 4
Appendices 1 and 2 list the current contents of the DCI format 5A and the SCI format 1, respectively. The resource reservation field in the SCI format 1 is instrumental to the sensing protocol, which mainly targets traffic with semi-persistent scheduling (SPS) characteristics such as the cooperative awareness messages (CAM). This field indicates that the UE reserves the resource blocks being used for the current transmission or for a future transmission. It contributes to the determination of resource availability and hence the outcome of each UE’s resource selection. However, for Mode 3 transmissions the field is currently set to zero. As a result, Mode 4 UEs will not be able to learn about Mode 3 UEs intention if they share the same resource pool, leading to collisions and degraded performance of both Mode 3 and Mode 4 UEs.
Observation:
· In Rel-14 Mode 3 UEs do not reserve resources for future transmission, even if they are using an SPS grant.
Proposal: 
· Enabling resource reservation for mode 3 UEs
· Activate the resource reservation field in the SCI format 1 for Mode 3 UEs.
One potential issue with resource reservation for Mode 3 is that a reserved resource can be wasted when an SPS is released or updated. Since the eNB is aware of this situation, a solution is up to the eNB implementation. For example, the eNB can simply reallocate the resource to another transmission.  
Regarding how Mode 4 UEs treat the reserved resources by Mode 3 UEs, we believe that it is beneficial to give priority to such resources when Mode 4 UEs have other resources to select. The reason is that the eNB allocates resources to Mode 3 UEs without knowing the outcomes of Mode 4 resource selection, hence it is reasonable to protect resources for Mode 3 UEs from being occupied by Mode 4 UEs when possible. A simple solution would be adding a “mode” indicator to the SCI format 1 (e.g. using one of the reserved bits) so that Mode 4 UEs exclude the reserved resources by Mode 3 UEs from the list of available resources (Step 2 in the sensing protocol). 
Another option is to allow UEs to report some measurements or observations to the eNB to aid the eNB in assigning resources to Mode 3 UEs (potentially in the UE assistance information, UAI). However, a prerequisite of such a solution is that the reporting UEs must be in the RRC connected state, which may not be the case if the UEs only take part in V2X communication over PC5, and furthermore extra signaling and processing in the network is required.
Proposal:
· Adding the “Mode indicator” field to the SCI format 1 to distinguish resources reserved by Mode 3 UEs and by Mode 4 UEs.
· Modifications to the sensing protocol are FFS.	
· The eNB is control of the “Mode indicator”.
Conclusion 
In this contribution we propose a mechanism that allows Mode 3 UEs and Mode 4 UEs to share a resource pool efficiently. 
Observations:
· It is desirable that Mode 3 UEs and Mode 4 UEs can efficiently share the same resource pool.
· There is no specific existing mechanism supporting efficient coexistence of Mode 3 UEs and Mode 4 UEs in the same resource pool.
Observation:
· In Rel-14 Mode 3 UEs do not reserve resources for future transmission, even if they are using an SPS grant.
Proposal: 
· Enabling resource reservation for mode 3 UEs
· Activate the resource reservation field in the SCI format 1 for Mode 3 UEs.
Proposal:
· Adding the “Mode indicator” field to the SCI format 1 to distinguish resources reserved by Mode 3 UEs and by Mode 4 UEs.
· Modifications to the sensing protocol are FFS.	
· The eNB is control of the “Mode indicator”.
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Appendix 1: DCI Format 5A for SL Mode 3 (From 3GPP TS 36.212)
[bookmark: _Toc471320231]5.3.3.1.9A 	Format 5A
DCI format 5A is used for the scheduling of PSCCH, and also contains several SCI format 1 fields used for the scheduling of PSSCH.
The following information is transmitted by means of the DCI format 5A:
-	Carrier indicator –3 bits. This field is present according to the definitions in [TS36.213].

-	Lowest index of the subchannel allocation to the initial transmission -  bits as defined in section 14.1.1.4C of [TS36.213].
-	SCI format 1 fields according to 5.4.3.1.2:
-	Frequency resource location of initial transmission and retransmission.
-	Time gap between initial transmission and retransmission.
-	SL index – 2 bits as defined in section 14.2.1 of [TS36.213] (this field is present only for cases with TDD operation with uplink-downlink configuration 0-6).
When the format 5A CRC is scrambled with SL-SPS-V-RNTI, the following fields are present:
-	SL SPS configuration index – 3 bits as defined in section 14.2.1 of [TS36.213].
-	Activation/release indication – 1 bit as defined in section 14.2.1 of [TS36.213].

Appendix 2: SCI format 1 for SL Mode 4 (From 3GPP TS 36.212)
[bookmark: _Toc462752260]5.4.3.1.2	SCI format 1
SCI format 1 is used for the scheduling of PSSCH. 
The following information is transmitted by means of the SCI format 1:
-	Priority - 3 bits as defined in section 4.4.5.1 of [TS23.285]
-	Resource reservation* – 4 bits as defined in section 14.2.1 of [TS36.213]

-	Frequency resource location –  bits as defined in section 14.1.1.4C of [TS36.213].
-	Time gap between initial transmission and retransmission - 4 bits as defined in section 14.1.1.4C of [TS36.213]
-	Modulation and coding scheme – 5 bits as defined in section 14.2.1 of [TS36.213]
-	Retransmission index – 1 bit as defined in section 14.2.1 of [TS36.213].
-	Reserved information bits are added until the size of SCI format 1 is equal to 32 bits. The reserved bits are set to zero.
* In section 14.2.1 of [TS36.213], for mode 3 the UE shall set the Resource reservation to zero. 
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