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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In-device coexistence has progressed well, with the major decisions about how to handle coexistence already reached. In particular, for TX/TX overlap, the following was agreed (WA at RAN1#96, confirmed at RAN1#97):
· For Tx/Tx overlap, 
· If packet priorities of both LTE and NR sidelink transmissions are known to both RATs prior to time of transmission subject to processing time restriction, then the packet with a higher relative priority is transmitted 
· In case the priorities of LTE and NR SL transmissions are the same, then it is up to UE implementation as to which transmission is chosen (e.g., taking into account congestion, etc.)
· If packet priorities of both LTE and NR sidelink transmissions are not known to both RATs prior to time of transmission subject to processing time restriction, then it is up to UE implementation to manage Tx/Tx overlaps (e.g., LTE transmissions are always prioritized, etc.)
· RAN1 does not assume any impact to LTE physical layer specifications
At RAN1#97, it was decided to leave RX/RX conflicts up to the UE implementation:
· For Rx/Rx overlap, 
· Up to UE implementation to manage receptions of LTE and NR sidelinks.
Finally, at RAN1#98, the TX/RX conflicts were also addressed:
· Unless packet priorities of both LTE and NR sidelink are known to both RATs prior to time of collision (subject to processing time restriction), then
· It is up to UE implementation to handle LTE Tx/NR Rx overlap.
· It is up to UE implementation to handle NR Tx and LTE Rx overlap.
In this contribution, we address the remaining issues of in-device coexistence, namely: whether special handling of the synchronization slots/subframes is needed, and whether the packets transmitting CSI or subframes containing PSFCH should be treated differently. We also discuss whether to address in-device coexistence when one UE is operating in UE-autonomous mode and the other is scheduled mode.

Discussion
[bookmark: _Ref129681832]The in-device coexistence problem was split into two categories: long term coexistence, and short term coexistence. For long term coexistence, RAN1 observed that it could be left up to the UE implementation. For short term coexistence, RAN1 has not finished the work. The decisions are summarized in Table 1. 
Table 1. RAN1 decisions for short term coexistence solutions
	Scenario
	Decision

	LTE TX/NR TX
	Based on priority. If priorities are the same, up to UE implementation

	LTE TX/NR RX
	If priorities unknown, up to UE implementation

	LTE RX/NR TX
	If priorities unknown, up to UE implementation

	LTE RX/NR RX
	Up to UE implementation



Based on previous discussions, RAN1 thus needs to address coexistence by either making decisions to facilitate the UE implementation or by modifying the priorities of some packets.
In the Feature Lead Summary at RAN1#98 ([1]), the following issue was mentioned:
Issue 1-3: Priority of SLSS/CSI reporting/PSFCH transmission
1. Transmission of synchronization/PSBCH is treated as having the same priority as the most recent transmission of PSCCH/PSSCH on the same RAT, or a (pre-)configured priority is assumed if there is no recent PSCCH/PSSCH.  This priority is used according to the agreed rule when Tx/Tx overlap occurs.
0. Proposed by: Huawei, HiSilicon
1. Priority level should be defined for AS layer message/signal (e.g., RRC message, S-SSB, PSFCH, etc.) to handle the packet collision for TDM based coexistence.
1. Proposed by : Vivo
1. Priority should be considered for S-SSB and PSFCH in case of Tx/Tx overlap.
2. Proposed by: ZTE
1. (pre)configured priority or associated service (and/or packet) priority can be applied.
1. S-SSB, PSFCH, PSSCH conveying only CSI/RSRP reporting
4. Proposed by: LGE
We now examine the priority handling of the following cases: PSSCH carrying CSI, PSFCH transmission, and synchronization signals.
PSSCH carrying only CSI
Per the WID, CSI information is carried in the PSSCH. CSI information is important information:
· It indicates if a resource sensed as empty is actually not appropriate since the receiver is experiencing high interference on that particular resource
· It is helpful to perform link adaptation and multi-antenna transmission
Thus, a PSSCH carrying CSI has information valuable for resource allocation. CSI information can increase reliability, reduce latency, and improve spectral efficiency. Thus, a PSSCH carrying only CSI should have a priority level in order to avoid or limit preemption by LTE traffic. If CSI is transmitted in a periodic manner, the UE can indicate and reserve resources for future transmissions of the PSSCH with only CSI, thus receiving UEs can know the priority of PSCCHs carrying only CSI in advance.
Proposal 1: A PSCCH carrying only CSI has a priority level
PSFCH
Similarly, the PSFCH conveys valuable information that has impact on the link reliability, the latency and the spectral efficiency, thus it is valuable to give priority to this traffic. However, this might be difficult to achieve in practice since the PSFCH may not be in the same subframe as the PSSCH. Thus, unless there is a reservation signal for the PSFCH, something RAN1 has not agreed to, it may be difficult to address in this release.
Proposal 2: Priority for PSFCH is not considered in Rel-16
Synchronization signals
There are two issues with synchronization signals transmission:
· Issue 1: a synchronization signal transmission on one RAT may be scheduled at the same time as a data transmission on the other RAT
· Issue 2: a synchronization signal on one RAT may be scheduled at the same time as a synchronization signal on the other RAT
Issue 1 can be viewed differently from the UE perspective, or from the system perspective. From the UE perspective, it seems always preferable to transmit the data packet instead of the synchronization signal, thus, if left to the UE implementation, the data packet would almost always be prioritized. From the system perspective, it is almost always better to have the UE transmitting the synchronization signals since other UEs depend on it for synchronization. 
A middle of the road approach could be to allocate a priority level to the synchronization signals. The UE can then compare the priority of its transmission to the synchronization signal priority in order to determine what to transmit. This approach can ensure that high priority packets are prioritized, but that synchronization signals are transmitted instead of low-priority packets.
Proposal 3: 
· For the purpose of determining whether to transmit a synchronization signal on a RAT or a data packet on the other RAT, a priority level is assigned to synchronization signals
· The UE decides what to transmit by comparing the synchronization signal priority with the PSSCH priority 
For issue 2, we note that there are many cases where the synchronization on the LTE sidelink and NR sidelink would be the same. For instance, both sidelinks could be synchronized with GNSS, and would lose synchronization at the same time. Or, by following the priority rules, the NR sidelink might have been synchronized to an eNB, thus having the same timing as the LTE sidelink. In such a case, it is possible to have the synchronization signals configuration on the LTE and on the NR side in such a way that synchronization signals never collide. Details should be figured out in the synchronization AI. The burden of the standardization should be on the NR side in order to make sure that the LTE specification is not changed.
Proposal 4: 
· When the LTE and NR sidelinks use the same timing, the synchronization signal configuration is such that NR synchronization signals do not collide with LTE synchronization signals
· Details to be figured out in the synchronization AI
Coexistence with network assistance
Another issue in [1] is issue 1-4: coexistence with network involvement. For this issue, one UE autonomously selects resources (LTE mode-4 or NR mode-2), and the other one is scheduled by the network (LTE mode-3 or NR mode-1). In such a scenario, with some reporting from one UE in-device coexistence could be facilitated: for instance, the UE autonomously selecting resources can report the resources it will use to the network, and the network can schedule around it.
First, we note that at RAN1#97, it was agreed that no change to the LTE standard would be supported for TX/TX overlap. Thus, the only case where network assistance can be used is when the UE reporting is done over the NR Uu link. Two scenarios that can be considered are: 1) a mode-1 NR/mode-4 LTE UE reporting to the gNB its resource selection decision, and 2) a mode-2 NR/mode-3 LTE UE reporting to the gNB. For 1), the NR module can then select resources that are non-time orthogonal with the mode-4 resources being used. For 2), the LTE module avoids the NR resources in a similar manner. 
[bookmark: _GoBack]While this solution sounds interesting at least for semi-persistent or periodic traffic, it may be time-consuming to standardize. Furthermore, most of the standards work is required by RAN2. Thus, we suggest leaving the decision to standardize coexistence with network assistance up to RAN2.
Proposal 5: 
· whether to standardize mode-4 LTE/mode-1 NR UEs reporting resource selection to the gNB is left up to RAN2
· whether to standardize mode-3 LTE/mode-2 NR UEs reporting resource selection to the gNB is left up to RAN2




Conclusions
In this contribution, we discussed in-device coexistence. We propose the following:
Proposal 1: A PSCCH carrying only CSI has a priority level
Proposal 2: Priority for PSFCH is not considered in Rel-16
Proposal 3: 
· For the purpose of determining whether to transmit a synchronization signal on a RAT or a data packet on the other RAT, a priority level is assigned to synchronization signals
· The UE decides what to transmit by comparing the synchronization signal priority with the PSSCH priority 
Proposal 4: 
· When the LTE and NR sidelinks use the same timing, the synchronization signal configuration is such that NR synchronization signals do not collide with LTE synchronization signals
· Details to be figured out in the synchronization AI
Proposal 5: 
· whether to standardize mode-4 LTE/mode-1 NR UEs reporting resource selection to the gNB is left up to RAN2
· whether to standardize mode-3 LTE/mode-2 NR UEs reporting resource selection to the gNB is left up to RAN2
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