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1 Introduction

At the previous RAN1 WG Meetings, the PSCCH and PSSCH resource pool aspects for PC5 V2V communication were discussed. In this contribution, we discuss PSCCH and PSSCH retransmission and combining options for different resource pool configurations provided in [7]. Our views on other V2V communication aspects are provided in companion contributions [1]-[11].
2 PSCCH/PSSCH - Retransmissions and Combining 
The support of PSCCH and PSSCH retransmissions and combining depends on PSCCH and PSSCH resource pool design and timing relationship between transmissions in these channels.

2.1 PSCCH and PSSCH Multiplexing / Resource Pool Options

In this contribution, we discuss different variants of PSCCH and PSSCH retransmission and combining for resource allocation options identified in [7], where three resource pool alternatives in terms of PSCCH and PSSCH multiplexing and allocation were identified:

· Option 1. FDM from system perspective (TDM from single UE perspective).
· Option 2. FDM from system & UE perspective with non-adjacent RB allocation.
· Option 3. FDM from system & UE perspective with adjacent RB allocation.
All described above resource allocation options may have different design implications on combining and timing relationship between PSCCH and PSSCH transmissions. In this section, we separately analyze these aspects for each resource allocation option. In particular, we study possibility of retransmission combining and signaling details for UE-specific or cell-specific PSCCH and PSSCH transmission windows [7].
2.2 Retransmission and Combining for Option 1
The major difference of Option 1 relative to Options 2 and 3 is that PSCCH and PSSCH transmission windows may not be time aligned. This may imply different retransmission and combining behavior for PSCCH and PSSCH.
UE specific PSCCH and PSSCH transmission window start time
In case of UE-specific transmission window start time, the receiver does not know the initial PSCCH transmission instance and instances of PSCCH retransmission for given TB. There are two possible timing relationships between PSCCH and PSSCH transmission windows: consecutive and overlapped in time PSCCH and PSSCH transmission windows. Given that it was already agreed that each SA transmission precedes all of its associated data transmissions we only discuss consecutive in time PSCCH and PSSCH transmissions.
In this case, all PSCCH (re)transmissions for given TB will precede PSSCH (re)transmissions for the same TB. In order to enable PSSCH (re)transmission combining, the single PSCCH (re)transmission may need to carry information about all PSSCH (re)transmissions. Timing offset between PSCCH and PSSCH (re)transmissions can be provided by SCI with respect to the current PSCCH (re)transmission timing. Different SCI payload is possible since the PSCCH retransmission combining is not assumed. This can enable signaling of different time offsets with respect to actual SCI transmission instance.
In case of UE-specific transmission window, the number of PSCCH and PSSCH (re)transmissions per TB can be independently configured. However two transmissions can be sufficient for PSCCH, especially given that it is TDMed with PSSCH transmission and thus do not suffer from power sharing with data transmission.
Cell specific PSCCH and PSSCH transmission window start time
In case of cell specific (UE-common) configuration of PSCCH and PSSCH transmission window start time all UEs are supposed to complete (re)transmission of TBs within common transmission time intervals. In this case PSCCH retransmission and combining within transmission window can be enabled if predefined relationship between PSCCH (re)transmissions within transmission window period is defined (e.g. similar to Rel.12 PSCCH hoping design). In case if PSCCH and PSSCH transmission window overlap the mechanisms to avoid PSCCH and PSSCH transmission in the same subframe need to be defined. In order to avoid it, the PSSCH transmission window can always follow the PSCCH transmission window. It is also possible to enable the case of PSCCH transmission w/o combining if there is no predefined hopping rule between PSCCH (re)transmissions within cell-specific PSCCH transmission window. Therefore the maximum number of PSCCH retransmission per given TB will be determined by PSCCH hoping rule if it is defined or can be configurable otherwise. The number of PSSCH retransmissions and combining per TB can be configurable. The timing relationship between PSSCH and PSCCH transmission windows can be defined with respect to the PSCCH transmission window where actual PSCCH transmission occur (e.g. the first PSSCH subframe after the last subframe of PSCCH transmission window where SCI was transmitted). The timing between PSCCH and PSSCH (re)transmissions is indicated by SCI content and should point to all selected PSSCH resources in order to enable PSSCH retransmission combining.
For both cases of UE-specific and cell specific transmission windows their duration can be independently configured for PSCCH and PSSCH channels.
2.3 Retransmission and Combining for Option 2 and 3

In case of PSCCH and PSSCH multiplexing in the same subframe, the PSCCH transmission window is always time aligned with PSSCH transmission window since PSCCH and PSSCH transmissions are always multiplexed in the same subframe. For these resource allocation options, the transmission windows with UE specific transmission start time can provide more flexibility in terms of resource selection and performance. In terms of retransmission and combining, similar approaches as described for Option 1 can be considered for Option 2 and 3.

Summary of PSSCH and PSCCH retransmission and combining options is consolidated in Table 1.
Table 1. Summary of retransmission and combining behaviour for different PSCCH and PSSCH multiplexing options
	
	Option 1
UE Specific TW
	Option 1
UE Common TW
	Option 2 & 3
UE specific TW
	Option 2 & 3
UE common TW

	PSCCH ReTx Support
	Yes
	Yes
	Yes
	Yes

	Number of PSCCH ReTx
	Can be variable
(e.g. up to 4)
	Fixed 
(2 following R.12)
	Can be variable
(e.g. up to 4)
	Fixed
(2 following R.12)

	PSCCH combining
	No
	Yes
	No
	Yes

	PSSCH ReTx Support
	Yes
	Yes
	Yes
	Yes

	Number of PSSCH ReTx
	Variable, e.g. up to 4
	Variable, e.g. up to 4
	Variable, e.g. up to 4
	Variable, e.g. up to 4

	PSSCH combining
	Yes
	Yes
	Yes
	Yes

	Alignment of PSCCH and PSSCH TWs
	1) PSCCH ahead of PSSCH

2) PSCCH overlap with PSSCH
	Time aligned

	PSCCH Tx Timing
	Initial Tx:

Unknown to RX

ReTx:

Unknown to RX
	Initial Tx:

Unknown to RX
ReTx:

Associated with initial
	Initial Tx:

Unknown to RX
ReTx:

Unknown to RX
	Initial Tx:

Unknown to RX
ReTx:

Associated with initial

	PSSCH Tx Timing
	Initial Tx:

Derived from SCI
ReTx:

Derived from SCI
Time offset is defined with respect to associated PSCCH transmission instance
	Initial Tx:

Derived from SCI

ReTx:

Derived from SCI

Time offset is defined with respect to associated PSCCH TW
	Initial Tx:

Derived from SCI
ReTx:

Derived from SCI
Time offset is defined with respect to associated PSCCH transmission instance
	Initial Tx:

Derived from SCI
ReTx:

Derived from SCI
Time offset is defined with respect to associated PSCCH TW


In order to analyze performance benefits of UE-specific and UE-common PSSCH/PSCCH transmission windows we conducted the following analysis with following configurations:

· Multiplexing: FDM from system perspective
· FDM-TDM: PSCCH (5x10 SFs, 10 PRBs), PSSCH (40 SFs, 40 PRBs)

· UE specific PSCCH transmission window (20 SFs) followed by UE-specific PSSCH transmission window (40 SFs)
· UE common PSCCH transmission window (20 SFs) followed by UE-common PSSCH transmission window (40 SFs)

· Deployment scenario: Freeway 70 km/h;
· SCI combining options:
· PSCCH transmission with and w/o combining for UE-common transmission window

· PSCCH transmission w/o combining for UE-specific transmission window
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	Figure 1. Comparison of UE-common and UE-specific transmission windows with and w/o soft combining on SCI.


Based on the analysis of possible retransmission and combining options and taking into account performance benefits of UE-specific transmission windows in terms of reduced latency and collision probability, we have the following proposal:

Proposal
· For PSCCH and PSSCH resource allocation Options 1-3, the following is supported

· PSCCH and PSSCH transmission windows with UE-specific transmission window start time.
· For Option 1, PSSCH transmission window always follow PSCCH transmission window.

· Up to 2 PSCCH transmissions are enabled per given TB without PSCCH combining among retransmissions.

· Up to 4 PSSCH retransmissions are supported per TB with PSSCH retransmission combining enabled.

· Mapping of redundancy versions to sub-sequent PSCCH transmissions is configured or predefined.
· PSCCH retransmission associated with a given TB points to all PSSCH retransmissions for given TB.
3 Conclusion

In this contribution, we provided our views on PSCCH and PSSCH retransmission and combining options as well as possible timing relationship. Based on the discussion, we have the following proposal:
Proposal
· For PSCCH and PSSCH resource allocation Options 1-3, the following is supported

· PSCCH and PSSCH transmission windows with UE-specific transmission window start time.
· For Option 1, PSSCH transmission window always follow PSCCH transmission window.

· Up to 2 PSCCH transmissions are enabled per given TB without PSCCH combining among retransmissions.

· Up to 4 PSSCH retransmissions are supported per TB with PSSCH retransmission combining enabled.

· Mapping of redundancy versions to sub-sequent PSCCH transmissions is configured or predefined.

· PSCCH retransmission associated with a given TB points to all PSSCH retransmissions for given TB.
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Appendix A: Summary of Evaluation Assumptions
In this section, we provide summary of system level simulation assumptions used for V2V evaluation in this contribution.

Table 2: Summary of system level evaluation assumptions
	Parameter
	Value

	Deployment Scenarios
	Freeway road:

Dense: average inter-vehicular distance = 2.5 sec · absolute vehicle speed 70 km/h

	Channel model
	According to the agreed evaluation methodology in [12]

	Traffic model
	Periodic traffic model according to [12] with randomized initial arrival time

· 190 bytes every 100 ms (four consecutive packets)

· 300 bytes every 500 ms (every 5th packet)

	Bandwidth
	10 MHz / 50 PRBs for PSCCH and PSSCH

	Modulation and Transport Block Size


	· Packet size - 190 bytes

· TDM 10 PRBs (code rate ~ 0.8 per TTI), TBS 1544, MCS 9

· FDM-SSF: 9 PRBs (code rate ~ 0.89 per TTI), TBS 1544, MCS 10

· Packet size - 300 bytes

· TDM: 10 PRBs (code rate ~ 0.66 per TTI) , TBS 2536, MCS 14

· FDM-SSF: 9 PRBs (code rate ~ 0.75 per TTI), TBS 2600, MCS 15

	Evaluation modes
	Co-channel interference + in-band emission + half-duplex are taken into account

PSCCH & PSSCH

	Number of TTI per PDU
	1 TTIs 

	# DMRSs per subframe
	15 kHz (1ms TTI): 4 DMRSs (for improved demodulation)
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