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Introduction
Sidelink transmission mode 3 for V2X was introduced in Release 14. In this mode, the index of the sidelink subframe used for PC5 transmission is determined based on the index of the downlink subframe used for transmission of the scheduling grant.
In this contribution, we discuss an associated problem that appears whenever the carriers used for downlink and PC5 have independent timings.
Mode 3 scheduling
Ambiguous PC5 scheduling
Section 14.2.1 in TS 36.213 describes in the following way the procedure for determining the subframe used for PC5 transmission:
For sidelink transmission mode 3,
-	The UE shall determine the subframes and resource blocks for transmitting SCI format 1 as follows:
-	SCI format 1 is transmitted in two physical resource blocks per slot in each subframe where the corresponding PSSCH is transmitted.






-	If the UE receives in subframe n DCI format 5A with the CRC scrambled by the SL-V-RNTI, one transmission of PSCCH is in the PSCCH resource  (described in subclause 14.2.4) in subframe  where  is the value indicated by "Lowest index of the sub-channel allocated to the initial transmission" associated with the configured sidelink grant (described in [8]) and  is the smallest integer which is larger than or equal to 4+m and fulfils the condition that subframe is included in  which is determined by subclause 14.1.5. The value m is indicated by ‘Subframe offset’ field in the corresponding DCI format 5A if this field is present and m=0 otherwise.




-	If “Time gap between initial transmission and retransmission" in the configured sidelink grant (described in [8]) is not equal to zero, another transmission of PSCCH is in the PSCCH resource  in subframe  where [image: ] is the value indicated by "Time gap between initial transmission and retransmission" field in the configured sidelink grant.  corresponds to the value  determined by the procedure in subclause 14.1.1.4C with the RIV set to the value indicated by "Frequency resource location of the initial transmission and retransmission" field in the configured sidelink grant.
Now consider the following example of application of the above procedure. In this scenario we have an eNB serving UE1 and UE2. UE1 is further away from the eNB than UE2. The eNB transmit SL grants to UE1 and UE2 in consecutive subframes. From the point of view of the PC5 carrier, both UEs receive their SL grant within subframe n. Consequently, both UEs perform their PC5 transmission in subframe n+4. The timeline corresponding to the example is illustrated in Figure 1.
[image: ]
[bookmark: _Ref477959567]Figure 1. Scheduling of PC5 transmission with time ambiguity
This example shows that the current procedures lead to ambiguities in the scheduling. That is, the eNB uses different subframes to schedule different UEs but they end up performing their PC5 transmission in the same subframe. This problem arises due to the use of different timings for the Uu and PC5 carriers. The scheduling ambiguity appears depending on the relative positions between eNB and scheduled UEs and the difference between the Uu and PC5 timings. The problem also appears at cell boundaries, where nearby UEs are scheduled by different eNBs. Note also that the eNB cannot resolve the ambiguity by itself.
As shown above, the ambiguity can produce undesirable and undetectable collisions as well as incorrect utilization of the radio resources. For proper operation of Mode 3, it is necessary that the scheduling grants transmitted by the eNB are not ambiguous. 
Observation 1:
· The existing procedures for determination of transmission subframe for Mode-3 PC5 produce ambiguous results in a way that is not detectable by the eNB.
Although the discussion in this section has so far focused only on transmissions scheduled by individual grants, the issue also affects transmissions scheduled by SPS grants. 
Unambiguous PC5 scheduling
To avoid the scheduling ambiguity, it is necessary to modify the subframe determination procedures. To determine the subframe it is necessary to take into account the timings of both the Uu and the PC5 carriers:
· TDL,start,x corresponds to the time of arrival of the scheduling grant (start of the packet) for UE x.
· TPC5,first,x corresponds to the first boundary of subframe (on the PC5 carrier) after T = TDL,start,x – TProp,x for UE x. TProp,x is the propagation time between eNB and UE x (which amounts to 1/2 of the value of the TA).
Comparing both values, the UE can determine whether to transmit in subframe n+4 or n+5, where n is the index of the subframe in which it receives and decodes the DCI carrying the PC5 scheduling grant.
· If TPC5,first,x ≤ TDL,start,x  then UE x transmits in subframe n+4 in the PC5 carrier.
· If TPC5,first,x > TDL,start,x  then UE x transmits in subframe n+5 in the PC5 carrier.
This ensures that grants transmitted on different DL subframes result in PC5 transmissions in different PC5 subframes.
We illustrate this in Figure 2. As explained before, the eNB sends grants to UE1 and UE2 in two consecutive DL subframes. Both grants are received and decoded during subframe n (from the point of view of the PC5 carrier). However:
· TPC5,first,1 ≤ TDL,start,1 and thus UE1 transmits in subframe n+4 in the PC5 carrier.
· TPC5,first,2 > TDL,start,2  and thus UE2 transmits in subframe n+5 in the PC5 carrier.
[image: ]
[bookmark: _Ref478063077]Figure 2. Scheduling of PC5 transmission without time ambiguity.
Changes to the specification
In the following we describe the changes to introduce to the specification in an informal way.
For sidelink transmission mode 3,
-	The UE shall determine the subframes and resource blocks for transmitting SCI format 1 as follows:
-	SCI format 1 is transmitted in two physical resource blocks per slot in each subframe where the corresponding PSSCH is transmitted.
-	If the UE receives in subframe n DCI format 5A with the CRC scrambled by the SL-V-RNTI, one transmission of PSCCH is in the PSCCH resource  (described in subclause 14.2.4) in subframe  where  is the value indicated by "Lowest index of the sub-channel allocated to the initial transmission" associated with the configured sidelink grant (described in [8]) and
-	Option 1: kinit is equal to 4+m if the subframe is included in  which is determined by subclause 14.1.5, and if TPC5,first ≤ TDL,start. The value m is indicated by ‘Subframe offset’ field in the corresponding DCI format 5A if this field is present and m=0 otherwise.
-	Option 2: otherwise kinit is equal to 4+m+1 if the subframe is included in  which is determined by subclause 14.1.5, and if TPC5,first > TDL,start. The value m is indicated by ‘Subframe offset’ field in the corresponding DCI format 5A if this field is present and m=0 otherwise.
-	Option 3: otherwise  is the smallest integer which is larger than or equal to 4+m and fulfils the condition that subframe is included in  which is determined by subclause 14.1.5. The value m is indicated by ‘Subframe offset’ field in the corresponding DCI format 5A if this field is present and m=0 otherwise.
Option 1 and Option 2 cover the case in which there may be an ambiguity. That is, the case when  is equal to 4+m in the current specification. Option 3 covers the case when  is larger than 4+m. In this case, the operation ‘larger than’ already removes the uncertainty.
As explained before, an equivalent set of changes are also required for transmissions scheduled by an SPS grant.
Proposal 1: 
· Introduce the above corrections to solve the ambiguity in Mode 3 scheduling.
Conclusion 
In this contribution we have discussed the time ambiguity in Mode 3 scheduling in the current specification. We have observed and proposed the following:
Observation 1:
· The existing procedures for determination of transmission subframe for Mode-3 PC5 produce ambiguous results in a way that is not detectable by the eNB.
Proposal 1: 
· Introduce the above corrections to solve the ambiguity in Mode 3 scheduling.
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