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1. Introduction

For 3GPP V2X Phase 2 to provide further V2X services as captured in TR 22.886, the feasibility and gain of PC5 operation with transmit diversity is one of main issues as approved with work item in RAN plenary #75.  
For the feasibility and gain of PC5 operation with transmit diversity, the introducing of two-port non-transparent transmit diversity for PSSCH is agreed as below [1][2].
Working Assumptions at the RAN1#90 meeting:
- For designing PSSCH, RAN1 assumes the use of two-port non-transparent transmit diversity
▫ The use of non-transparent transmit diversity is configured. 
▫ Details, including diversity scheme, are FFS
▫ Support of transmission and/or reception up to UE capability
▪ Note: It is RAN1 understanding that requirements on capabilities can be set at regional level and are outside 3GPP scope
▫ Send LS to RAN4 to ask their opinion about when non-transparent scheme for transmit diversity is used by Rel-15 UEs:
▪ Impact on Rel-14 UEs of PSSCH-RSRP measurement accuracy
▪ MPR for Rel-15 UEs
- Non-transparent Transmit diversity is not used in the following cases:
▫ When communicating with Rel-14 UEs
▫ When there is a high probability of resource collision with Rel-14 UEs
- Note: Some companies observe that the performance of MMSE-IRC receiver degrades when a non-transparent Transmit diversity scheme is used in interference limited scenarios with a dominant interferer
Agreements the RAN1#91 meeting:
- Assuming the previous WA of introducing non-transparent transmit diversity is confirmed, for two-port non-transparent transmit diversity for PSSCH, down-select option 1 as WA among the following candidate schemes
▫ Working assumption: Option 1: SFBC-based scheme (including PAPR preserving)
▪ FFS whether to apply slot-level PVS
▫ Option 2: STBC-based (including half symbol)
- Note: Companies are encouraged to perform evaluations for the above options
For two-port non-transparent transmit diversity for PSSCH, the DMRS for PSSCH should be modified to support two antenna ports because current Rel-14 eV2X support DMRS with only one antenna port.

In this contribution, we will discuss considerations on two-port DMRS design for V2X Phase 2 based on above agreements, and provide our views.

2. Considerations on two-port DMRS design for V2X Phase 2
As summarized in [3], several alternatives are discussed for two-port DMRS design to support two-port non-transparent transmit diversity for PSSCH as below.
Alt. 1: FDM structure type (Figure 1-(a))

- Comb structure between DMRS AP #0 and AP #1

Alt. 2: CDM structure type (Figure 1-(b))

- Alt. 2-A: by different base sequences between DMRS AP #0 and AP #1

- Alt. 2-B: by different CS values between DMRS AP #0 and AP #1

- Alt. 2-C: by different OCC values between DMRS AP #0 and AP #1
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(a) FDM structure type 


(b) CDM structure type 
Figure 1: Two-port DMRS design to support two-port non-transparent transmit diversity for PSSCH
For Alt. 1(FDM structure type), the correlation property for DMRS sequence could be poor with compare to Alt. 2(CDM structure type) because the length of DMRS sequence is 1/2. Furthermore, DMRS structure is different from Rel-14 eV2X DMRS structure for all of two antenna ports. It is helpful in co-existent environment with legacy Rel-14 eV2X if one of two antenna ports is same to Rel-14 eV2X DMRS. Therefore, Alt. 2 is more preferable for two-port DMRS structure for V2X Phase 2.
Alt. 2-A(CDM structure type, by different base sequences between DMRS AP #0 and AP #1) has poor orthogonality with compare to Alt. 2-B(CDM structure type, by different CS values between DMRS AP #0 and AP #1) or Alt. 2-C(CDM structure type, by different OCC values between DMRS AP #0 and AP #1) because it uses quasi-orthogonal sequences. 
Therefore Alt. 2-B and/or Alt. 2-C could be a good choice for two-port DMRS structure for V2X Phase 2. Furthermore both Alt. 2-B and Alt. 2-C could be used together as PUSCH DMRS which use both different CS values and different TD-OCC values to distinguish more than one PUSCH DMRS layers.
To use Alt. 2-B and Alt. 2-C together, CS values for two-port DMRS could be considered as Table 1, and OCC values for two-port DMRS could be considered as Table 2-A or Table 2-B. In Table 1, Table 2-A and Table 2-B, the quantity nXID equals the decimal representation of CRC on the PSCCH transmitted in the same subframe as the PSSCH as defined in [4]. 
For OCC to distinguish two PSCCH DMRS antenna ports, TD-OCC(applied for 4 DMRS symbols within a subframe) or FD-OCC(applied for 2 adjacent subcarriers within a DMRS symbol) could be used. The FD-OCC is slightly preferable with compare to TD-OCC in high speed scenario while the TD-OCC is just extension of TD-OCC used for Rel-14 PSSCH DMRS.
Figure 1: CS values for two-port PSSCH DMRS design
	layer (λ) 
	CS(Cyclic Shift) value (ncs,λ)

	λ=0
	int(nXID/2) mod 8

	λ=1
	{(int(nXID/2) mod 8)+6} mod 12


Figure 2-A: OCC values for two-port PSSCH DMRS design (TD-OCC is applied to distinguish two ports )
	layer (λ) 
	nXID
	TD-OCC value (for 4 symbols)

	λ=0
	nXID mod 2 = 0
	[+1 +1 +1 +1]

	
	nXID mod 2 = 1
	[+1 -1 +1 -1]

	λ=1
	nXID mod 2 = 0
	[+1 +1 -1 -1]

	
	nXID mod 2 = 1
	[+1 -1 -1 +1]


Figure 2-B: OCC values for two-port PSSCH DMRS design (FD-OCC is applied to distinguish two ports )
	layer (λ) 
	nXID
	TD-OCC value (for 4 symbols)
	FD-OCC value (for 2 subcarriers)

	λ=0
	nXID mod 2 = 0
	[+1 +1 +1 +1]
	[+1 +1]

	
	nXID mod 2 = 1
	[+1 -1 +1 -1]
	

	λ=1
	nXID mod 2 = 0
	[+1 +1 +1 +1]
	[+1 -1]

	
	nXID mod 2 = 1
	[+1 -1 +1 -1]
	


Proposal 1:
For two-port DMRS design to support two-port non-transparent transmit diversity for PSSCH, following Alt. 2-B and Alt. 2-C could used together.
- Alt. 2-B: CDM structure type, by different CS values between DMRS AP #0 and AP #1
- Alt. 2-C: CDM structure type, by different OCC values between DMRS AP #0 and AP #1
3. Conclusion

In this contribution, we discussed considerations on two-port DMRS design for V2X Phase 2, and provide our views with following our proposal.
Proposal 1:
For two-port DMRS design to support two-port non-transparent transmit diversity for PSSCH, following Alt. 2-B and Alt. 2-C could used together.

- Alt. 2-B: CDM structure type, by different CS values between DMRS AP #0 and AP #1
- Alt. 2-C: CDM structure type, by different OCC values between DMRS AP #0 and AP #1
4. References
[1] RAN1#90 meeting chair-man notes
[2] RAN1#91 meeting chair-man notes
[3] R1-1721258, WF on two-port DMRS design, Huawei, HiSilicon
[4] TS 36.211 V14.4.0, section 9.8






4
1/3

