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1 Introduction

In the RAN1 #85 meeting, further progress on the PSSCH and PSCCH physical layer design was reached. In particular, the PSSCH and PSCCH DMRS locations within sidelink subframe were agreed for the case of Normal CP (#2, #5, #8, #11). In this contribution, we provide our views on the remaining details of PSCCH and PSSCH physical structure for V2V communication with respect to DMRS design and PSSCH link adaptation.
2 PSCCH and PSSCH DMRS sequence
In this section, we discuss on the required PSSCH and PSCCH DMRS design modifications. In general, we believe that the overall Rel-12/13 PSSCH/PSCCH DMRS design principles can be maintained with potentially a few clarification and modifications:

Number of DMRS symbols

Obviously, the increased number of DMRS symbols should be taken into account in the DMRS sequence generation:
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 where m = 0, 1, 2, 3
Orthogonal sequences
The PSSCH and PSCCH includes 4 symbols per TTI and, hence, the orthogonal sequence 
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should be redefined. 
For the PSCCH, it is assumed that there should be no DMRS differentiation of transmissions from different UEs to avoid blind detection, therefore no orthogonalization is required (
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For the PSSCH, different UEs may apply different sequences which are derived based on the SA ID. In order to improve the channel estimation properties certain orthogonalization may be recommended. For instance, either OCC2 or OCC4 based sequences can be used. In general there should be no big difference in the OCC2/4 sequences, meantime OCC4 may potentially provide better performance under a limited amount of scenarios (e.g. LOS).
Different DMRS for PSCCH
The PSCCH physical structure spans two adjacent PRBs and utilizes SC-FDMA waveform. It was agreed that four DMRSs are allocated per subframe at the positions (#2, #5, #8, #11) to improve demodulation performance for V2V communication. It was also agreed that “DMRSs within a TTI for a transmission by a UE are not identical”. Different mechanisms to enable DMRS sequence variation over TTI can be anticipated. The “Sequence hopping” approach is applicable for the high number of PRBs and hence cannot be applied for PSCCH. Another approach is to use legacy “Group hopping” based mechanism to ensure that the DMRS in two slots are different. However, without additional modifications it may be not possible to ensure that the DMRS on the symbols inside a single slot are different. In order to provide per-symbol DMRS variation the sequence-group number 
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 should depend on the DMRS symbol index. The existing sequence-group number is defined as:
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So the sequence-group number 
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 depends on the group hopping pattern 
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 and a sequence-shift pattern 
[image: image9.wmf]ss

f

. Under assumption that the group hopping is disabled (like for Rel-12 PSCCH) it may be possible to adjust the sequence-shift parameters and introduce some dependency on the symbol index (e.g. fss = N·m, where m is the symbol index). Such approach would allow diversification of the transmit sequences over different symbols.
Alternatively, it may be possible to use different cyclic shifts in different DMRS symbols of the PSCCH. At current stage the cyclic shift equal to zero is used for all PSCCH transmission. In order to ensure per-symbol DMRS variation the cyclic shift can be changed from symbol to symbol (e.g. 
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). In our view, the latter approach is simpler and is aligned with the PUSCH transmission principles when the cyclic shift of PUSCH DMRS may change on a slot basis.

Summary
The summary of proposals on PSSCH and PSCCH DMRS parameters is provided in the Table 1 and Table 2 (proposed changes on top of legacy Rel-12 are marked in yellow).
Table 1 – Generation of V2V PSCCH DMRS signals
	Parameters for PUSCH DMRS generation
	PSCCH R.12 (D2D)
	PSCCH R.14 (V2V)

	DMRS symbol index
	m
	0, 1
	0, 1, 2, 3

	Group hopping
	Is enabled?
	Disabled
	Disabled
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	Sequence hopping
	Is enabled?
	Disabled
	Disabled

	Cyclic shift
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	Orthogonal sequence
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	[+1 +1]
	[+1 +1 +1 +1]

	Cell identity
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	Ref signal length
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	FFS – depends on # of PRBs

	Number of layers
	v
	1
	1

	Number ports
	P
	1
	1


Table 2 – Generation of V2V PSSCH DMRS signals
	Parameters for PUSCH DMRS generation
	PSSCH R.12 (D2D)
	PSSCH R.14 (V2V)

	DMRS symbol index
	m
	0, 1
	0, 1, 2, 3

	Group hopping
	Enabled
	Enabled
	Enabled
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	Sequence hopping
	
	Disabled
	Disabled

	Cyclic shift
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	Orthogonal sequence
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	[+1 +1] if 
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	Number of layers
	v
	1
	1

	Number ports
	P
	1
	1


Proposal 1
· For PSSCH DMRS 4 orthogonal sequences [+1 +1 +1 +1], [+1 -1 +1 -1], [+1 +1 +1 -1] and [+1 -1 -1 +1] are used 

· The remaining R12 PSSCH DMRS parameters are kept unchanged

Proposal 2
· For PSCCH DMRS orthogonal sequence is not used 

· For PSCCH DMRS the DMRS cyclic shift is different for each DMRS symbol in the subframe

· The remaining R12 PSCCH DMRS parameters are kept unchanged

3 PSSCH and PSCCH DMRS Position for Extended CP Type

The DMRS allocation for the case of Extended CP was not discussed so far and needs to be decided. Following the principle of DMRS allocation in case of Normal CP, where DMRS symbols are equally spaced across the subframe we propose to agree on the following DMRS positions in case of Extended CP type when the DMRS are transmitted in symbol 1, 4, 7 and 10 (counting from 0).
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Proposal 3
· For Extended CP the PSSCH and PSCCH DMRS is transmitted in symbols #1, #4, #7, #10 (counting from 0).

4 PSSCH link adaption
In the previous RAN1 meeting, it was agreed that the PSSCH transmission parameters should be adjusted based on the propagation conditions in order to ensure robust performance:

· Alt 1 + Adapt MCS, the number of RBs, and number of transmission subframes depending on the UE absolute speed and UE synchronization source (e.g. GNSS or eNB)

· Options for details of PSSCH

· Network configuration or pre-configuration can be used to associate the ranges of MCS, RB number for PSSCH, number of retransmission with the condition of the UE absolute speed. Different (pre)configuration and threshold is given for the different type (e.g., eNB, GNSS, UE) of the transmission synchronization reference.

· RAN1 will study the proper range of these parameters.

In general, different approaches to support the PSSCH link adaptation can be considered:

· UE-implementation: The V2V transmission parameters can be adjusted in UE implementation specific way. Such approach does not require any specification changes. However, in this case it may be difficult to guarantee the consistent behavior among different UEs which may result in the reduced system performance.
· Specification constrains: Certain constraints on the PSSCH transmission parameters can be provided by the specs (e.g. maximum code rate). This approach has lack of flexibility and may not allow adjustment of the transmission parameters to the exact field conditions. First of all it is not possible to address all the scenarios in the specification and set constraint for each condition. So, the amount of constrains should be limited. In case very conservative assumptions are used, the overall V2V efficiency under some scenarios may be affected. On the other hand in case of relaxed constraint, the performance may degrade in the unfavorable conditions. 
· Network configuration: The network may provide UE information on the set of allowed/recommended transmission for the particular propagation environment. This approach allows long-term adjustment of the configured parameters based on the propagation condition and at the same time may ensure more consistent behavior among different UEs.
Proposal 4a
· RRC configuration / pre-configuration is used to assist the selection of PSSCH transmission parameters

The PSSCH demodulation performance depends on multiple environment factors, which may be taken into account by the V2V transmitter to ensure reliable operation:

· Carrier frequency (band): The V2V demodulation performance depends on the carrier frequency. The Doppler shift/spread increases with the increase of the carrier frequency. In addition, transmit and receive frequency errors also scale with the change of the carrier frequency. So, the worst demodulation performance is experienced for the high frequency bands (6GHz). In general, the V2V transmitter has exact information on the frequency band and can take it into account for parameters adjustment. 

· V2V transmitter speed: V2V transmitter speed is one of the key factors to impact the PSSCH performance. In general, UEs are not forced to have exact knowledge of the device velocity. To optimize V2V performance it may be assumed that the particular information is available at L1/2. 

· V2V receiver speed: Due to broadcast nature of the V2V communication the transmitter does not have information on the receiver speed and hence should operate under the worst case assumptions (e.g. 140 km/h or 250 km/h). Meantime, it is reasonable to assume that the maximum speed varies in different geographical regions and UE may also benefit from the knowledge of the maximum anticipated receiver speed. 

· Channel propagation conditions: The PSSCH demodulation performance depends on the exact propagation conditions (e.g. LOS or NLOS, channel characteristics). In general case, UE may rely on the receive signal statistics in order to identify the propagation conditions and take this into account.
· Synchronization method: As shown by prior analysis the synchronization method has strong impact on the overall frequency errors observed on the V2V links. The worst conditions are expected in case of using eNB based synchronization. The V2V TX UE does not have information on the V2V RX UE assumptions and may always assume eNB based synchronization. 

· SNR: Due to broadcast nature of the V2V communication the V2V TX UE does not have information on the receive side SNR. The transmission parameters are expected to be chosen disregards the receive SNR.

In the Annex A, we provide a summary of the detailed analysis of feasibility of the PSSCH demodulation under various conditions to confirm the observations above.
Proposal 4b
· The (pre)configuration of PSSCH TX parameters is provided for different V2V propagation environments. The propagation environment are characterized by:

· Band (range of bands) or max carrier frequency

· V2V transmitter speed (or range of speeds)

· V2V transmitter synchronization source (GNSS or eNB or SL).

The V2V transmit UE may control different PSSCH transmission parameters including MCS, number of PRBs and number of retransmission to adjust the reliability. Under assumption of fixed MCS, the demodulation reliability is not expected to vary a lot in case of change of the number of PRBs (especially in case of large number of PRBs). Therefore, control of the MCS and number of retransmission parameters is more reasonable.
Proposal 4c

· The RRC configuration includes the following parameters to constrain the PSSCH TX parameters for each propagation environment: Maximum MCS for different number of PSSCH retransmissions.

To summarize the discussion above, the following approach is suggested in order to enable adaptation of the PSSCH transmission parameters:

· The set of allowed transmission parameters for PSSCH is RRC configured (or pre-configured)

· The parameters can be controlled by the network/operators/service providers (e.g. based on the results of field trials, long term adaptation processes, etc.)

· Different transmission parameters should be provided for different propagation conditions, so that UE can make proper selection based on the instantaneous propagation conditions. 

· In order to control the PSSCH transmission parameters the network provides UE information on the Maximum MCS to be used for different numbers of TTIs.
5 Conclusions

In this contribution, we provided our views on remaining details of physical structure for PSSCH and PSCCH, as well as on the PSSCH link adaptation framework. Based on the discussion we have following proposals:

Proposal 1
· For PSSCH DMRS 4 orthogonal sequences [+1 +1 +1 +1], [+1 -1 +1 -1], [+1 +1 +1 -1] and [+1 -1 -1 +1] are used 

· The remaining R12 PSSCH DMRS parameters are kept unchanged

Proposal 2
· For PSCCH DMRS orthogonal sequence is not used 

· For PSCCH DMRS the DMRS cyclic shift is different for each DMRS symbol in the subframe

· The remaining R12 PSCCH DMRS parameters are kept unchanged

Proposal 3
· For Extended CP the PSSCH and PSCCH DMRS is transmitted in symbols #1, #4, #7, #10 (counting from 0).

Proposal 4
· RRC configuration / pre-configuration is used to assist the selection of PSSCH transmission parameters
· The (pre)configuration of PSSCH TX parameters is provided for different V2V propagation environments. The propagation environment are characterized by:
· Band (range of bands) or max carrier frequency

· V2V transmitter speed (or range of speeds)

· V2V transmitter synchronization source (GNSS or eNB or SL).

· The RRC configuration includes the following parameters to constrain the PSSCH TX parameters for each propagation environment: Maximum MCS for different number of PSSCH retransmissions.

Annex A – PSSCH Simulation Results
In the Annex we provide the results of the analysis of the feasibility of using different PSSCH transmission parameters under different propagation conditions. The following analysis methodology was adopted:

· The PSSCH demodulation performance is analyzed for the following TX parameters

· Number of PRBs: 10

· Number of TTIs: 1, 2, 3, 4

· All MCSs level

· Different propagation environments are analyzed for V2V TX UE

· Speed from 50 to 250 km/h

· eNB-based and GNSS-based synchronization

· Worst case conditions assumed for the V2V RX UE

· 140 km/h and 250 km/h speed

· eNB-based synchronization

· For all conditions the feasibility of using certain MCS level was analyzed. The MCS is considered feasible in case 1% BLER can be potentially reached. The following color codes are used to denote PSSCH feasibility

	
	Feasible 1+ TTI

	
	Feasible 2+ TTIs

	
	Feasible 3+ TTIs

	
	Feasible 4 TTIs

	
	Not feasible


· Different scenarios analyzed

1. 6GHz band; eNB based synchronization for V2V TX UE; 250km/h V2V RX speed; UMi NLOS 
2. 6GHz band; eNB based synchronization for V2V TX UE; 250km/h V2V RX speed; UMi LOS 
3. 6GHz band; GNSS based synchronization for V2V TX UE; 250km/h V2V RX speed; UMi NLOS 
4. 6GHz band; eNB based synchronization for V2V TX UE; 140km/h V2V RX speed. UMi NLOS

5. 2GHz band; eNB based synchronization for V2V TX UE; 250km/h V2V RX speed. UMi NLOS
Table 3. Scenario #1
	
	Scenario #1: 6GHz band; eNB based synchronization for V2V TX UE; 250km/h V2V RX speed; UMi NLOS

	V2V TX Speed 
	50 km/h
	100 km/h
	150 km/h
	200 km/h
	250 km/h

	MCS 0
	
	
	
	
	

	MCS 1
	
	
	
	
	

	MCS 2
	
	
	
	
	

	MCS 3
	
	
	
	
	

	MCS 4
	
	
	
	
	

	MCS 5
	
	
	
	
	

	MCS 6
	
	
	
	
	

	MCS 7
	
	
	
	
	

	MCS 8
	
	
	
	
	

	MCS 9
	
	
	
	
	

	MCS 10
	
	
	
	
	

	MCS 11
	
	
	
	
	

	MCS 12
	
	
	
	
	

	MCS 13
	
	
	
	
	

	MCS 14
	
	
	
	
	

	MCS 15
	
	
	
	
	

	MCS 16
	
	
	
	
	

	MCS 17
	
	
	
	
	

	MCS 18
	
	
	
	
	

	MCS 19
	
	
	
	
	

	MCS 20
	
	
	
	
	

	MCS 21
	
	
	
	
	

	MCS 22
	
	
	
	
	

	MCS 23
	
	
	
	
	

	MCS 24
	
	
	
	
	

	MCS 25
	
	
	
	
	

	MCS 26
	
	
	
	
	

	MCS 27
	
	
	
	
	

	MCS 28
	
	
	
	
	


Table 4. Scenario #2
	
	Scenario #2: 6GHz band; eNB based synchronization for V2V TX UE; 250km/h V2V RX speed; UMi LOS

	V2V TX Speed 
	50 km/h
	100 km/h
	150 km/h
	200 km/h
	250 km/h

	MCS 0
	
	
	
	
	

	MCS 1
	
	
	
	
	

	MCS 2
	
	
	
	
	

	MCS 3
	
	
	
	
	

	MCS 4
	
	
	
	
	

	MCS 5
	
	
	
	
	

	MCS 6
	
	
	
	
	

	MCS 7
	
	
	
	
	

	MCS 8
	
	
	
	
	

	MCS 9
	
	
	
	
	

	MCS 10
	
	
	
	
	

	MCS 11
	
	
	
	
	

	MCS 12
	
	
	
	
	

	MCS 13
	
	
	
	
	

	MCS 14
	
	
	
	
	

	MCS 15
	
	
	
	
	

	MCS 16
	
	
	
	
	

	MCS 17
	
	
	
	
	

	MCS 18
	
	
	
	
	

	MCS 19
	
	
	
	
	

	MCS 20
	
	
	
	
	

	MCS 21
	
	
	
	
	

	MCS 22
	
	
	
	
	

	MCS 23
	
	
	
	
	

	MCS 24
	
	
	
	
	

	MCS 25
	
	
	
	
	

	MCS 26
	
	
	
	
	

	MCS 27
	
	
	
	
	

	MCS 28
	
	
	
	
	


Table 5. Scenario #3
	
	Scenario #3: 6GHz band; GNSS based synchronization for V2V TX UE; 250km/h V2V RX speed; UMi NLOS

	V2V TX Speed 
	50 km/h
	100 km/h
	150 km/h
	200 km/h
	250 km/h

	MCS 0
	
	
	
	
	

	MCS 1
	
	
	
	
	

	MCS 2
	
	
	
	
	

	MCS 3
	
	
	
	
	

	MCS 4
	
	
	
	
	

	MCS 5
	
	
	
	
	

	MCS 6
	
	
	
	
	

	MCS 7
	
	
	
	
	

	MCS 8
	
	
	
	
	

	MCS 9
	
	
	
	
	

	MCS 10
	
	
	
	
	

	MCS 11
	
	
	
	
	

	MCS 12
	
	
	
	
	

	MCS 13
	
	
	
	
	

	MCS 14
	
	
	
	
	

	MCS 15
	
	
	
	
	

	MCS 16
	
	
	
	
	

	MCS 17
	
	
	
	
	

	MCS 18
	
	
	
	
	

	MCS 19
	
	
	
	
	

	MCS 20
	
	
	
	
	

	MCS 21
	
	
	
	
	

	MCS 22
	
	
	
	
	

	MCS 23
	
	
	
	
	

	MCS 24
	
	
	
	
	

	MCS 25
	
	
	
	
	

	MCS 26
	
	
	
	
	

	MCS 27
	
	
	
	
	

	MCS 28
	
	
	
	
	


Table 6. Scenario #4
	
	Scenario #4: 6GHz band; eNB based synchronization for V2V TX UE; 140km/h V2V RX speed. UMi NLOS

	V2V TX Speed 
	20  km/h
	60 km/h
	100 km/h
	140 km/h

	MCS 0
	
	
	
	

	MCS 1
	
	
	
	

	MCS 2
	
	
	
	

	MCS 3
	
	
	
	

	MCS 4
	
	
	
	

	MCS 5
	
	
	
	

	MCS 6
	
	
	
	

	MCS 7
	
	
	
	

	MCS 8
	
	
	
	

	MCS 9
	
	
	
	

	MCS 10
	
	
	
	

	MCS 11
	
	
	
	

	MCS 12
	
	
	
	

	MCS 13
	
	
	
	

	MCS 14
	
	
	
	

	MCS 15
	
	
	
	

	MCS 16
	
	
	
	

	MCS 17
	
	
	
	

	MCS 18
	
	
	
	

	MCS 19
	
	
	
	

	MCS 20
	
	
	
	

	MCS 21
	
	
	
	

	MCS 22
	
	
	
	

	MCS 23
	
	
	
	

	MCS 24
	
	
	
	

	MCS 25
	
	
	
	

	MCS 26
	
	
	
	

	MCS 27
	
	
	
	

	MCS 28
	
	
	
	


Table 7. Scenario #5
	
	Scenario #5: 2GHz band; eNB based synchronization for V2V TX UE; 250km/h V2V RX speed. UMi NLOS

	V2V TX Speed 
	50 km/h
	100 km/h
	150 km/h
	200 km/h
	250 km/h

	MCS 0
	
	
	
	
	

	MCS 1
	
	
	
	
	

	MCS 2
	
	
	
	
	

	MCS 3
	
	
	
	
	

	MCS 4
	
	
	
	
	

	MCS 5
	
	
	
	
	

	MCS 6
	
	
	
	
	

	MCS 7
	
	
	
	
	

	MCS 8
	
	
	
	
	

	MCS 9
	
	
	
	
	

	MCS 10
	
	
	
	
	

	MCS 11
	
	
	
	
	

	MCS 12
	
	
	
	
	

	MCS 13
	
	
	
	
	

	MCS 14
	
	
	
	
	

	MCS 15
	
	
	
	
	

	MCS 16
	
	
	
	
	

	MCS 17
	
	
	
	
	

	MCS 18
	
	
	
	
	

	MCS 19
	
	
	
	
	

	MCS 20
	
	
	
	
	

	MCS 21
	
	
	
	
	

	MCS 22
	
	
	
	
	

	MCS 23
	
	
	
	
	

	MCS 24
	
	
	
	
	

	MCS 25
	
	
	
	
	

	MCS 26
	
	
	
	
	

	MCS 27
	
	
	
	
	

	MCS 28
	
	
	
	
	


Based on the results of the analysis the following observations can be made:

· PSSCH performance depends on the speed of the transmitter and receiver
· PSSCH performance depends on the synchronization method

· PSSCH performance depends on carrier frequency

· Depending on the propagation scenario the maximum PSSCH MCS for the given number of retransmissions may need to be limited in order to ensure reliable performance

· Depending on the propagation scenario the minimum number of PSSCH retransmissions may need to be limited to ensure reliable performance
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