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1 Introduction
A new work item on V2X communication was approved in [1], and RAN4 has been tasked to specify the RRM core and performance requirements. Although the V2V services are based on LTE sidelink, the operational scenarios and services are different from Rel-13 based sidelink. Thus new requirements needed although RAN4 aims to reuse the previous work on ProSe and V2V whenever possible. 

One of the open issue that RAN4 has been discussing in the past meeting without resolving it is the problem of timing misalignment. This issue was identified as one of the open issue in [7]. This issue was further discussed in the conference call in January but no agreements were made. In this contribution we provide our view on this topic and make proposal on how this problem can be solved. 
2 Discussions 
2.1   Selection of timing reference
Background:

Release 13 LTE in-coverage sidelink timing requirements were derived using the serving cell as reference, and they are specified in section 7.16.2 in TS 36.133. There are two options. Option 1 is when no timing advance is provided by the serving cell, and in this case UE follows the timing as specified for PRACH transmissions. Option 2 applies when timing advance is provided by the serving cell, and in this case the requirements as specified for PUSCH apply. 
For V2X operation UE can the configured to follow any of the following timing references:
a) NW-derived synchronization
b) GNSS
c) Sidelink synchronization signals (SLSS)
d) Internal clock
The different timing references listed above have different priorities which are currently discussion in RAN1. The priority rules could be per carrier and is configured by the cell which an UE camps on. Priority order for the synchronization references that are:

1. eNBs that meet the Scriterion 

2. UEs within network coverage (among which higher priority is given to SS received with higher synchSourceThresh measurement)

3. GNSS Note that the eNB/NW may (pre)configure the UE to prioritize GNSS as highest prio.

4. UEs out of network coverage transmitting D2DSS from D2DSSue_net (among which higher priority is given to D2DSS received with higher synchSourceThresh measurement)

5. UEs out of network coverage transmitting D2DSS from D2DSSue_oon (among which higher priority is given to D2DSS received with higher synchSourceThresh measurement)

· If none of the above are selected, the UE uses its own internal clock. 

Problem:

We have highlighted the problem of timing misalignment when UE is configured with different timing sources for WAN and sidelink in [3].  Below we describe the problem again for convenient reading. 
In following section we study the in-coverage scenario where the network can configure the UE to follow either the timing of PCell or other GNSS based sources. In practice, this means that the in-coverage V2X device can be configured to use the timing of a GNSS reference for V2X operation on sidelink while it follows the PCell timing as in legacy LTE operation for providing the cellular services. The first and the second timing references may or may not be the same. In some cases, the serving cell timing also originates from the same GNSS source. 

This can cause the uplink resources (e.g. radio frames, subframes, symbols) of WAN and V2X to be misaligned, as illustrated in Figure 1 below. This figure shows that the timing can be aligned, misaligned or partly aligned depending on the synchronization reference used. The duration of misalignment can also vary depending on the type of timing reference that UE follows, e.g. it can be less than 1 ms in some cases while it can be several milliseconds or in the order of symbols in other cases. This will create problems at the UE when switches between the WAN and V2X mode.
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Figure 1: Misaligned subframes when an in-coverage V2X device follows a different timing than PCell.
Prioritization of scenarios:
The V2X WID was revised in [RP-162519] to prioritize certain scenarios as follows:

1. Band 47 + Band 47 (Contiguous concurrent operation), 
2. Band 47 + Band X (Uu for V2X service), 
3. Band 47 + Band  Y (Uu for non-V2X service)
The problem described above is valid for scenario when the licensed carrier is shared to provide V2X services and cellular services. In our understanding, such scenario is still part of the V2X work item.  
Discussion:
As mentioned earlier, the V2X UE can be configured with different priority rules for different carriers, and they can be cell specific. This means that the eNodeB is aware of the possible timing differences between the two timing references that UE is using on the different configured carriers, i.e. on band 47 and band X. If this information is known to the serving eNodeB, then the network can take this into consideration when configuring such priority rule and thereby minimizing the impact. This is realized by use of DFN offset which has been discussed in RAN1 and currently being discussed in RAN2. The DFN offset technique can solve the problem of timing misalignment provided that the misalignment is known to the network node, which may not be the case always. Hence, the problem still remains.  
· Observation #1: The network can take into account the timing misalignment between WAN and sidelink when scheduling the UE provided that this information is known to the network. 
· Observation #2: DFN offset can be used to mitigate the problem of timing misalignment provided that the misalignment is known to the network. 
 Nevertheless, RAN4 requirements should consider the minimum requirements and the worst case scenario. In such scenario, it is possible that timing mismatches between WAN and sidelink occurs and the expected UE behaviour should be clearly specified. One way to overcome this shortcoming, which has also been discussed in previours RAN4 meetings, is by  avoiding transmission and/or reception in the subframes or even symbols immediately after a V2X burst or WAN subframes. The number of those subframes or symbols will depend on the timing difference of WAN and sidelink. This is elaborated more in detail below.  
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Figure 2: Time multiplexing of WAN and SL subframes with and without time misalignment
In Figure 2 it is assumed that UE uses GNSS timing (Tg) for deriving the timing of the SL subframes and the WAN timing (Tr) for derving the timing of WAN subframes. This figure shows 3 different cases as described below. 

In figure 2 (A), it is assumed that the obtained values of Tg and Tr are aligned which result in perfect time multiplexing of the UL and SL subframes i.e. there is no overlapping in time between any UL subframe and SL subframe. In this case, there is no need to drop transmission/reception in subsequent radio resources.
In figure 2 (B), it is assumed that the obtained values of Tg and Tr are not aligned which result in imperfect time multiplexing of the UL and SL subframes. In this case UL subframe and SL subframe overlap in time. For example as shown in the figure the UL subframe occurring immediately after the SL subframe is partly destroyed. This occurs when Tg lags behind Tr and due to which the SL frame starts with some delay wrt the start of the UL frame.

In figure 2 (C), it is also assumed that the obtained values of Tg and Tr are not aligned which result in imperfect time multiplexing of the UL and SL subframes. In this as well case UL subframe and SL subframe overlap in time. For example as shown in the figure the SL subframe occurring immediately after the UL subframe is partly destroyed. This occurs when Tr lags behind Tg and due to which the UL frame starts with some delay wrt the start of the SL frame.

If the network and the UE know the exact timing alignment or the length of the misalignment, eNodeB can avoid transmission in the subframe(s) immediately after a sidelink burst and vice versa. Similarly, the UE may also not except to receive anything in WAN in those subframes. This way both the LTE operation and also the V2X operation can be protected from any unexpected loss of data and control information, or the impact can be reduced. Nevertheless, the WAN and sidelink may not always follow the same timing. Hence, adaptation in transmission and/or reception is necessary in order to avoid loss of information and causing of performance degradation. The UE and network behaviour in this case should depend on the length of timing misalignment between WAN and SL. In some cases, the timing mismatch between the WAN timing and GNSS timing can be negligible or very marginal while in other cases the misalignment can be up to several subframes. Therefore misalignment length should be considered when determining whether to avoid transmission/reception in the subframe(s) following a V2X burst or WAN subframes. 
For example, UE behaviour can be specified as follows:
	If magnitude of timing misalignment between WAN timing and sidelink timing > CP length AND  UE is not configured with any V2X gaps

(Drop the subframe(s) immediately after the V2X burst or WAN subframes
             ( on the receiving side (WAN or V2X UE) may not be expected to receive data/control information in those subframes. 

Else


( Legacy eNodeB/UE behaviour applies, i.e. UE/eNodeB is allowed to transmit/receive data in the subframes immediately after a V2X burst or WAN subframes.


The reason for dropping the subframe(s)/symbol(s) is that they will anyway be not usable because of the large timing mismatch, i.e. UE may not be synchronized to any source or same source when the transmission happens. Therefore if anything is transmitted on the overlapped time resource, the transmitted signal and/or received signal during such overlapped time resource is deteriorated and may not be correctly decoded or received by the UE or eNodeB receiver. This will lead to increased rate of missed ACK/NACK rate since the mismatch is not taken into account in scheduling. 
This way both the WAN and sidelink performance can be protected from unexpected interruptions causing network performance degradation. 
· Proposal #1: The serving eNodeB is allowed to avoid transmission/reception in the subframe(s) or symbols immediately after a V2X burst or WAN subframes depending on the length of timing mismatch between WAN and V2X.  
· Proposal #2: V2X capable UE is allowed to drop the transmissions/reception in the subframes or symbols immediately after a V2X burst or WAN subframes depending on the length of timing mismatch between WAN and V2X.  
· Proposal #3: The magnitude of timing misalignment between WAN timing and sidelink timing based on which subframes/symbols immediately after WAN/V2X subframes are dropped is defined as CP length.  
It is noteworthy that this UE behaviour of dropping transmission in the subframes immediately after V2X burst or WAN subframes is somewhat similar to the existing UE behaviour after a measurement gap as specified in clause 8.1.2.1 in [5]. In that case, it is up to UE implementation whether or not the UE can transmit data in the uplink subframe immediately after the measurement gap provided that a certain condition is met, otherwise UE is not allowed to transmit any data.
3 Summary 
In this contribution we have discussed the problem of timing mismatch between the WAN timing and sidelink timing used for V2X. This issue has been discussed in RAN4 for the last few meetings and it was identified as one of the open issues in the way forward [7]. We have provided a discussion and our view on how this issue can be resolved. Based on the discussion, we have made the following observation and proposals:
· Observation #1: The network can take into account the timing misalignment between WAN and sidelink when scheduling the UE provided that this information is known to the network. 
· Observation #2: DFN offset can be used to mitigate the problem of timing misalignment provided that the misalignment is known to the network. 
· Proposal #1: The serving eNodeB is allowed to avoid transmission/reception in the subframe(s) or symbols immediately after a V2X burst or WAN subframes depending on the length of timing mismatch between WAN and V2X.  
· Proposal #2: V2X capable UE is allowed to drop the transmissions/reception in the subframes or symbols immediately after a V2X burst or WAN subframes depending on the length of timing mismatch between WAN and V2X.  
· Proposal #3: The magnitude of timing misalignment between WAN timing and sidelink timing based on which subframes/symbols immediately after WAN/V2X subframes are dropped is defined as CP length.  
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