3GPP TSG RAN WG1 Meeting #89  



                        R1-1707562
Hangzhou, P.R. China 15th – 19th May 2017
______________________________________________________________________Agenda item: 6.2.3.2.1
Source: LG Electronics
Title: Discussion on the transmit diversity scheme for the PC5 operation
Document for: Discussion and Decision
1. Introduction
In the previous meeting, the adoption of transmit diversity scheme for the PC5 operation is intensively discussed, and the following agreement is made: 
Agreement
· For the design and feasibility of TxD schemes in Rel-15 PC5 operation, the CM increase per antenna over single antenna port transmission of Rel-14 is considered.
Agreement
· For link level simulation (SNR vs. BLER) to investigate TxD gains for performance of V2X is applied for PSSCH and PSCCH. 

	Parameters
	Value

	Carrier frequency
	6GHz

	Antenna number 
	2 x 2

	Channel model
	LOS/NLOS in TR36.885 (linear polarization, half-lambda spacing)

	Vehicle speed (absolute)
	15 km/h, 140km/h, 250km/h, 60 km/h optional

	MCS
	QPSK 1/2, 16QAM ½

	Payload size for PSSCH
	300 bytes, 190 bytes


Agreement:
· Frequency offset modelled as in TR36.885

Agreement:
· At least the following candidate TxD schemes for PSSCH transmission to be evaluated:

· Small delay CDD

· STBC (including half symbol STBC proposal in [1])

· SFBC

· PVS in time domain

Note: other schemes are not precluded

Agreement:
· At least the following candidate TxD schemes for PSCCH transmission to be evaluated:

· Small delay CDD

· Note: other schemes are not precluded provided that they fulfil objective 2 of the WID

Agreement:
· Applied method on “Orphan” symbol issue in STBC should be provided if STBC is applied

· Precoding details of PVS should be illustrated following with evaluation results

· When only one antenna port is applied, legacy DMRS pattern is reused.

· For the case that more than one antenna port is applied, the time location of DMRS is the same as Rel-14.

· Channel estimation and demodulation details should be provided by proponents

· There should be analysis on impact to Rel-14 UE provided following with evaluation assumption and link and/or system simulations, including interference increase of Rel-15 UEs over Rel-14 UEs 

· Details FFS 

Note: Legacy DMRS pattern includes Rel-14 DMRS time-frequency location, sequence, cyclic shift and single antenna port 
Agreement:
For analysis of the impact of interference on link performance:

· TxD schemes are analyzed in terms of impact on R14 V2V performance in interference limited scenario

· BLER vs SINR is evaluated for 3 scenarios: Rel-14 interference, Rel-15 interference and AWGN 

· SNR = 25dB (applicable to Rel-14 and Rel-15 interference scenarios)

·  SINR varies in the range -5:20 dB, MMSE Receiver for Rel-14 UEs. One interferer assumed

· Sensitivity to different R15 TxD interference signals is analyzed

· Note: full impact on legacy UEs require system level simulations
In this contribution, we discuss the Transmit Diversity Schemes for the PC5 operation.
2. Transmit Diversity Scheme for PC5 operation
In RAN#75, the study of the feasibility of the Transmit Diversity (TxD) Scheme adoption is agreed for the PC5 operation. Generally, the TxD scheme makes the benefit in terms of the reliability by using channel diversity. If the high reliability is targeted, diversity gain would be more valuable than before, since the diversity gain is more prominent at the low BLER. Typically, two kinds of TxD schemes can be considered for the PC5 operation: One is randomization based diversity scheme such as precoder cycling and the other is block code based diversity scheme such as STBC or SFBC, both of which had already been adopted for LTE downlink. 
There can be some consideration points in adoption of TxD for PC5 operation. If using TxD, PAPR/CM issue has to be considered according to a specific scheme. It is because some data mappings or precoding can distort the output after DFT spreading.  Also, considering that the time diversity can be already obtained due to vehicle’s mobility, there may not be enough room to obtain the additive diversity gain from TxD. Sometimes, the diversity gain can be prominent for the only low speed vehicle.
In addition, there is a restriction on the TxD design assuming the Rel-15 V2X UEs would co-exist in the same resource pools as Rel-14 V2X UEs in PC5 operation. The SA format for TxD has to be decodable at Rel-14 UEs. This is motivated by that Rel-14 UEs have to be able to do resource exclusion based on PSSCH RSRP in sensing. To facilitate it, it would be beneficial to follow the legacy DMRS format as much as possible. For this reason, in the previous meeting, it is agreed that the time location of DMRS is the same as Rel-14.
Considering sharing resource pools between Rel-14 and Rel-15 UEs, PAPR/CM issue and the performance comparison to the scheme without TxD, transmit diversity scheme needs to be designed carefully.
3. TxD schemes
· Small delay CDD

Small delay CDD (cyclic delay diversity) is a kind of precoder cycling, which rotates phase linearly along with frequency axis. That can be implemented by a different time delay imposed on time signals of each antenna. It can make the channel diverse which facilitates to obtain diversity gain. Also, small delay CDD has no PAPR/CM issue because the signal after DFT spread is linearly weighted and there is no layer multiplexing. Therefore, small delay CDD can be importantly considered as transmit diversity scheme for Rel-15 PC5-based V2X. 
If the number of DMRS ports is increased, Rel-14 UEs have measurement loss of PSSCH RSRP due to the split of transmission power for multiple ports. For 2-port CDMed DMRS, there exists 3dB PSSCH RSRP measurement loss that would affect the performance of channel estimation by 3dB. However, there is no specification impact or channel estimation loss for small delay CDD since 1 port DMRS is enough by making the port from all the time delayed signals, if the determination of delay for CDD is left to the UE implementation.
However, small delay CDD can have less diversity gain for the narrowband transmission, since frequency channel is insufficient to make it.
Observation 1: Small delay CDD has no PAPR/CM issue with having Tx antenna diversity.
Observation 2: Small delay CDD has no impact on the measurement of PSSCH RSRP by Rel-14 UEs.
Observation 3: Small delay CDD can have less diversity gain for the narrowband transmission. 
· STBC

STBC is well known as a full diversity scheme by assuming the channel is same between neighboring time resources, on which the paired data is mapped. STBC has advantage of low PAPR/CM even using a simple data mapping, which does not have the performance degradation. However, the performance gain can be marginal for the high speed vehicles due to channel variation by Doppler shift. Also, the orthogonality between paired data is not ensured by high Doppler shift even mapping it on the neighboring resources.

Related to the sensing operation, in order to prevent sensing error, legacy DMRS mapping #2, #5, #8, #11 is agreed to be reused in the previous meeting. Since #0 and #13 are used for AGC and Tx/Rx switching time, it is difficult for the paired data to be mapped on the neighbored OFDM symbols. If the neighbored OFDM symbols cannot be used for data mapping in STBC, it also can reduce the performance due to channel variation.

Observation 4: STBC is a full diversity scheme. 

Observation 5: The performance gain of STBC can be marginal for high speed UEs. 
Observation 6: Data mapping of STBC is not flexible for the Rel-15 PC5 operation.
· SFBC
SFBC has a full diversity scheme by assuming the channel is same between neighboring frequency resources, on which the paired data is mapped. Regardless of vehicles’ speed, SFBC can be used by obtaining the antenna diversity from different channel per antenna. However, a simple data pairing on the neighboring frequency resources cannot have low PAPR/CM. More complicated data mapping is required to have the same PAPR/CM as a single antenna transmission. In order to reduce PAPR/CM, paired data needs to be mapping on a distant frequency resources, which can have performance degradation due to the channel frequency selectivity. 
Observation 7: SFBC is a full diversity scheme. 

Observation 8: SFBC has a high PAPR/CM, compared to a single antenna transmission.

Observation 9: SFBC has the difficulty of paired data mapping on the neighbored frequency resource for low PAPR/CM, which would degrade the performance.
· PVS in time domain
Precoding vector switching in time domain can represent beam switching per a time resource unit by changing precoding. It can make the time channel diverse which facilitates to obtain diversity gain. For example, precoding vector can be switched per 3-symbol. However, considering that the time diversity can be already obtained due to vehicle’s mobility, there may not be enough room to obtain the additive diversity gain from PVS, especially for the high speed case.
PVS in time domain has no PAPR/CM issue since precoding vector is changed in time domain. 
Observation 10: PVS in time domain can have marginal gain for high speed UEs.
Observation 11: PVS in time domain has no PAPR/CM issue.
· Adoption of TxD to PSCCH and PSSCH
For the PSSCH, all the followed four TxD schemes can be considered to be adopted. However, PSCCH, only the small delay CDD can be applied due to decodability of Rel-14 UEs. Assuming that small delay CDD is used for PSCCH, it may be proper to use small delay CDD for PSSCH as well. In terms of implementation, time delay for the PSCCH is simultaneously applied for the FDMed PSSCH with the PSCCH. To avoid it, phase rotation per RE is possible at the expense of the complexity.
Observation 12: If small delay CDD is used for PSCCH due to decodability of Rel-14 UEs, it is valuable to be used for PSSCH as well in terms of the implementation.
· PSSCH RSRP measurement

Except for small delay CDD, the other transmit diversity schemes have more than 2 ports, and there exist at least 3dB loss in PSSCH RSRP measurements at Rel.14 UEs. In order for legacy resource allocation, it is possible that Rel-14 UEs do not exclude some resources of Rel-15 UEs due to 3dB loss in the step 2 of sensing operation. Therefore, Rel-15 UEs’ resources can be deprioritized compared to Rel-14 UEs’. It would weaken the prioritization process based PPPP, and it is also possible that the number of collision is increased. Therefore, before the above mentioned effect is analyzed, it is unclear to adopt TxD schemes in spite of the BLER performance gain.

Observation 13: TxD schemes with 3dB loss in PSSCH RSRP measurements at Rel-14 UEs make Rel-15 resources deprioritized over Rel-14, that would increase the collision and break the prioritization process based PPPP.
· Observation summary

	
	Small delay CDD
	STBC
	SFBC
	PVS in time domain

	Pros.
	· No PAPR/CM issue
	· Full diversity

· No PAPR/CM issue
	· Full diversity
	· No PAPR/CM issue

	Cons.
	· Low gain for narrowband transmission
	· Low gain for high speed
· Non flexible data mapping
	· High PAPR/CM
	· Low gain for high speed

· Non flexible data mapping

	PSSCH RSRP measurement
	· No issue
	· 3dB loss
	· 3dB loss
	· 3dB loss


4. SA contents
As described in the objective section of WI, SA format after adopting TxD has to be decodable by Rel-14 UEs. Therefore, the control information for TxD schemes is allowed in the only reserved bits in SA. We can consider the number of antenna ports and the sort of TxD schemes to be indicated in SA.
5. Conclusion
This contribution discussed TxD for PC5 operation. Based on the discussion, the following observations were made:
Observation 1: Small delay CDD has no PAPR issue with having Tx antenna diversity.

Observation 2: Small delay CDD has no impact on the measurement of PSSCH RSRP by Rel-14 UEs.

Observation 3: Small delay CDD can have less diversity gain for the narrowband transmission.
Observation 4: STBC is a full diversity scheme. 

Observation 5: The performance gain of STBC can be marginal for high speed UEs. 

Observation 6: Data mapping of STBC is not flexible for the Rel-15 PC5 operation.
Observation 7: SFBC is a full diversity scheme. 

Observation 8: SFBC has a high PAPR, compared to a single antenna transmission.

Observation 9: SFBC has the difficulty of paired data mapping on the neighbored frequency resource for low PAPR, which would degrade the performance.
Observation 10: PVS in time domain can have marginal gain for high speed UEs.

Observation 11: PVS in time domain has no PAPR issue.
Observation 12: If small delay CDD is used for PSCCH due to decodability of Rel-14 UEs, it is valuable to be used for PSSCH as well in terms of the implementation.
Observation 13: TxD schemes with 3dB loss in PSSCH RSRP measurements at Rel-14 UEs make Rel-15 resources deprioritized over Rel-14, that would increase the collision and break the prioritization process based PPPP.
______________________________________________________________________
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