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1 Introduction

In this contribution, we discuss remaining details of the D2D TX behavior, which were not discussed or fully concluded at the previous RAN1#79 meeting and according to the agreements made at the RAN1#78bis should be further studied:
Agreement - 1 (RAN1#78bis):
· For both Mode 1 and Mode 2, the T-RPT bit-map repeats throughout the saPeriod.

· The number of MAC PDUs or bit-map repetitions is not signaled by D2D Tx UE or eNB.

· FFS till RAN1#79:

· Note that it is permitted to not transmit a MAC PDU on any of the sets of 4 transmission opportunities for a single MAC PDU within an saPeriod if the UE does not have any MAC PDUs to transmit at that point

· Is it permitted in mode 1 to not transmit SA if the UE has no data to transmit?

Agreement - 2 (RAN1#78bis):
· When transmissions of D2DSS/PD2DSCH overlap in time in a given carrier in a single UE with any other D2D channel, the UE transmits D2DSS/PD2DSCH 

· FFS whether the “other D2D channel” can be punctured or is not transmitted 1)
· FFS until RAN1#79

· When SA and D2D data overlap in time and frequency in a given carrier in a single UE, the UE transmits SA and not the D2D data. 2)
· When any other D2D channel transmissions overlap in time and frequency in a single UE, no behavior is specified. 3)
· Apart from D2DSS/PD2DSCH, if two D2D channels overlap in time and frequency, which one to receive is up to UE implementation.4)
In our view, the FFS aspects of the above agreements were not fully resolved or at least require additional clarifications in ProSe CRs [1]-[3]. In this contribution, in section 2, we provide our notes on D2D TX and RX behavior that correspond to these FFS aspects and need further discussion, taking into account the agreements made at the RAN1#79 meeting. In section 3, we discuss possible design alternatives and propose particular solutions. Summary of our views is provided in section 4.
2 Overview of Relevant RAN1 Agreements

The FFS aspects of the Agreement-1 listed in the introduction were not discussed during the RAN1#79 due to lack of time, while some of the FFS aspects captured in Agreement-2 were discussed but not completely resolved. Therefore, in our view, additional discussion and agreements need to be made to close the remaining details of the D2D TX&RX behavior. The FFS aspects of Agreement-1 and relevant system level analysis are discussed in our companion contributions [4]-[5]. In this section, we mainly discuss FFS aspects of Agreement-2 taking into account the progress made at the RAN1#79 meeting.
2.1 On TX Collision of a D2D Channel with D2DSS/PD2DSCH 1)
The TX collision of a D2D channel with D2DSS/PD2DSCH (FFS aspect) was not fully resolved at the RAN1 #79 and in our view needs to be further clarified in specification. The RAN1 WG made the relevant agreement provided below, however it does not discuss “whether the “other D2D channel” can be punctured or is not transmitted”.
Agreement (RAN1#79):
· Discovery, SA and data transmissions shall not take place in D2DSS subframes configured for transmission of D2DSS.
In the latest version of the CR for TS 36.211 [1], there is a statement describing that: “For a given carrier frequency, PSBCH and sidelink synchronization signals take precedence over other sidelink transmissions.” However, in our view details of the other sidelink transmissions (D2D channels) need to be further clarified, especially taking into account the multi-TTI nature of D2D channel transmissions in PSCCH and PSSCH channels. Note that 2 and 4 TTIs are used for transmission of the same content in SA and Data channels respectively. In particular, it needs to be discussed, whether transmission on all TTIs needs to be dropped or only on collided TTI.
Observation 1
· Details of D2D channel transmission in case of TX Collision with D2DSS/PD2DSCH need to be discussed by RAN1.

2.2 On D2D TX Collision of SA (PSCCH) and Data (PSSCH) 2)
This FFS aspect was discussed at the RAN1 #79, and the following conclusion was reached by RAN1 WG:

Conclusion (RAN1#79):
· In case of time domain overlap of SA and data resource pool, the transmission and reception of SA and data is up to UE implementation.
In our view this conclusion is unfortunate, since it may lead to different UE implementations and incompatible system behavior. This is especially noticeable for D2D communication in UL-DL configuration #5 (it has single UL subframe per frame). For this configuration, the SA and Data pools may often overlap in time (at least for small SA periods) due to lack of available resources (see more details in [6]).
Agreements (RAN1#78):

· The UE shall not expect to be (pre-) configured with SA pools which overlap.

It can be noticed that in terms of D2D transmission, there is no clarification what should be an UE behavior when different Data or different SA pools overlap in time but not in frequency (i.e. in which pool UE should transmit). This problem was addressed by the RAN2 agreement to have single TX process, which restricts UE to transmit in one pool at a time. However if multiple TX processes are introduced this issue may require further discussion.
Observation 2
· Handling of SA and Data pools overlap by means of UE implementation, may lead to inconsistent behavior among UEs.
· For UL-DL configuration #5, with 40ms saPeriod, the Data and SA subframes overlap by default, since only four UL subframes are available during the SA period.
2.3 On D2D TX Behavior in Case of D2D Channels Overlap 3)
This FFS aspect was discussed at the RAN1 #79 for pools of different types (e.g. data and discovery), however was not discussed in application to pools of the same type (e.g. data pool#1 and data pool#2). The following relevant D2D TX behavior was agreed for discovery and communication:
Agreements (RAN1#79):

· If UE transmission capabilities are limited at a given time:

· Cellular UL has highest priority.

· Communication has higher priority than discovery both within a carrier and across carriers.
Given that single SA and Data transmissions occupy 2 and 4 TTIs respectively, some clarification is needed to define D2D TX behavior when some of the SA and/or Data (re)transmissions are dropped due to prioritization of Sync/WAN transmission.

Observation 3
· Details of D2D Data or SA transmission in case of collision with UL WAN or Sync need to be discussed by RAN1.
2.4 On D2D RX Behavior in case of D2D Channel Overlap 4)
This D2D RX behavior was also discussed at the RAN1 #79 for resource pools of different types (e.g. data has higher priority for reception, than discovery), however was not discussed in application to pools of the same type (e.g. data pool for reception to handle with higher priority). The following agreement was made by RAN1 WG with respect to D2D reception behavior:
Agreements (RAN1#79):

· If UE reception capabilities are limited at a given time:

· Cellular DL has highest priority

· Communication reception is the second priority

· D2D discovery is the third priority

· Among D2D discovery on multiple carriers

· D2D discovery reception on carrier(s) configured/signalled by the serving eNB has the highest priority

· D2D discovery reception on carrier(s) not configured/signalled by the serving eNB has the 2nd highest priority

· Note: this case includes inter-PLMN D2D reception.

One of the open questions is whether Mode-1 pool should be given higher priority relative to Mode-2 pool if both are configured and UE reception capabilities are limited. Another question is whether pools of the serving cell should be handled with higher priority than pools of the neighboring cells.

Observation 4
· It was not discussed whether Mode-1 and Mode-2 have equal priorities for reception.

3 D2D TX Behavior - Collision with Sync/WAN Transmission

According to RAN1 WG agreement, the D2D sync has higher transmission priority than any other D2D channels. The only difference between sync and WAN transmission is that collision with synchronization resource can be predicted at the UE and in some cases avoided by proper selection of the SA and Data time resource patterns of transmission. The collisions with WAN transmissions are less predictable, since UE may not know the eNB scheduling decisions in advance unless semi-persistent scheduling is used. In addition, in case of D2D TX collisions with WAN, D2D receivers will not be aware about such collision problem and will need to detect it. In case of collision with Sync UE behavior should be defined by specification. In the next subsection we separately discuss SA and Data collisions with Sync/WAN transmissions.
3.1 SA & Sync/WAN Collision
The SA (PSCCH) message is always transmitted two times within SA period. In this case, the following types of collisions may happen:

1) Collision with the 1st SA transmission:

· There are three possible options:

i. UE reselects SA resource for the 1st SA transmission (if possible) – transparent to receiver;
ii. UE drops the 1st SA and transmits at the 2nd SA resource, including subsequent Data;
iii. UE drops the 2nd SA transmission and continues subsequent Data transmission.
· Given that SA and Data pools may overlap and UE behavior in this case is undefined, it should be prohibited to start data transmission before at least single SA is sent. Therefore, if the 1st SA transmission is dropped due to collision, the data transmission preceding the 2nd SA transmission should be also dropped.
2) Collision with the 2nd SA transmission:
· Two options:
i. UE drops the 2nd SA transmission and transmits Data according to the selected T-RPT and pool definition;
ii. UE drops the 2nd SA transmission and does not transmit Data within SA period.
3) Collision with both 1st and 2nd SA transmissions:
· Two options:
i. UE drops SA transmissions and Data transmissions in the current SA period;
ii. UE transmits Data using parameters of the previous SA transmission.
It should be noted, that two SAs use the same redundancy versions for transmission (i.e. RV0) and thus (subject to SINR conditions) can be decoded from the single attempt, assuming one of the two SA transmissions is dropped within SA period. In this case some performance loss can be observed, due to lack of signal combining at the receiver. However drop of the single SA transmission (although is not desirable) does not prevent system operation. Therefore we have following proposals:
Proposal 1
· UE transmits Data in SA period, if at least one SA transmission is sent within SA period on PSCCH resources.

· At least single SA transmission shall precede any data transmission within PSSCH resource pool.

· UE shall not transmit data, if both SA transmissions are dropped within SA period on PSCCH pool resources.
· UE may transmit SA, even if there is no data in the TX buffer at the moment of SA transmission.
Another issue that is discussed in our companion contribution [5] is whether UE can transmit SA, if it does not have data at the moment in TX buffer, but expect those to be available during current SA period. It should be noticed, that given very large SA period up to 160, 320 ms, such behavior is required to enable transmission upon data packet arrival [5].
3.2 Data & Sync/WAN Collision
For transmission of a single MAC PDU, the four TTIs are utilized according time resource pattern of transmission (T-RPT) defined within data resource pool configuration (PSSCH configuration). However, similar to SA, the Sync/WAN collision with data transmission on sidelink may occur. In this case, one or several redundancy versions of given MAC PDU (RV0, RV2, RV1, RV3) will be dropped.

The drop of redundancy versions (e.g. RV0) may significantly affect system performance, if it happens to carry large portion of systematic bits. In this case, the subsequent transmission of other redundancy versions may not have any sense. That may be especially true, if several redundancy version are dropped by the TX. In addition, if D2D TX has selected high MCS and the effective code rate calculated over 4 TTIs is rather high (e.g. close to 1), the drop of any redundancy version of MAC PDU may result in the effective code rate which is larger than one. In this case, there is no any point to send remaining RVs of given MAC PDU. Such situation may happen during collision with sync resource. In this scenario D2D TX may drop all RVs of given MAC PDU if effective code rate exceeds 1. Note that receiver can be aware of such dropping, given that it knows MCS index of D2D transmitter from the SA.
The packet which was not fully delivered over the air-interface because of mentioned above reasons, may be retransmitted by D2D TX, if there is sufficient latency budget available. In opposite case, UE may start transmission of the new packet stored in the TX buffer. In our view, the decision to retransmit packet or not should be left up to UE implementation, however UE should have a freedom to drop the transmission of the remaining RVs and skip the whole MAC PDU transmission opportunity (4 TTIs indicated by T-RPT) if some of the RVs were already dropped due to collision.
Proposal 2
· D2D TX stops transmission of MAC PDU on subsequent TTIs of given transmission opportunity, if the effective MAC PDU code rate (after drop due to collision with Sync/WAN) exceeds predefined value (e.g. 0.931).

· Alternatively, amount of dropped TTIs of a collided transmission opportunity can be considered as a decision factor.
· D2D TX may retransmit MAC PDU at the subsequent transmission opportunities, if MAC PDU transmission is collided with Sync/WAN transmission.

· D2D TX is not mandated to utilize all transmission opportunities indicated by T-RPT within PSSCH resource configuration (i.e. D2D TX may transmit on any subset of available transmission opportunities). 
4 Summary and Conclusions
Given that it may be challenging to describe all cases of D2D TX behavior for SA and Data transmission, when collisions with Sync/WAN transmission occurs, we think that some of these aspects may be left up to UE implementation. However, in order to accommodate possibility for different UE behaviors and reflect it in the specification, some clarification of current version of CRs and RAN1 agreements is needed. In our view RAN1 needs to discuss and agree on the following proposals:
Proposal 3
· For SA (PSCCH) transmission,

· UE can (is expected to) transmit Data in PSSCH resource pool, if at least one SA transmission is sent within SA period of the associated PSCCH pool and there is no collisions with Sync/WAN transmission.

· UE is not expected to transmit data within PSSCH, until it transmits at least one SA within associated PSCCH pool.

· For Data (PSSCH) transmission,
· D2D TX stops transmission of MAC PDU on subsequent TTIs of a given transmission opportunity, if the effective MAC PDU code rate (after drop due to collision with Sync/WAN) exceeds predefined value (e.g. 0.931).

· Alternatively, amount of dropped TTIs can be considered.

· D2D TX is not mandated to utilize all transmission opportunities indicated by T-RPT within PSSCH resource configuration (i.e. D2D TX may transmit or skip transmission on any subset of available transmission opportunities indicated by T-RPT).

It may be also possible to re-formulate the above proposals in terms of the D2D RX behavior. In particular, it may be clarified, that D2D receiver shall not assume that D2D TX occupies all transmission opportunities indicated by the T-RPT pattern.
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