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1 Introduction
At the RAN Meeting #73, the work on sidelink V2V communication was completed with some of the remaining items included into the scope of V2X WI [1]. The corresponding CRs introducing support of sidelink V2V communication into the LTE specification were prepared and agreed in [2], [3]. At the RAN1#86bis meeting, the LTE V2V maintenance work has been started, where RAN1 is supposed to discuss essential corrections. One of the identified technical issues reported in [4], [5] relates to PSSCH DMRS generation. There is a high probability that UEs occupying the same resource for PSSCH transmission may generate identical PSSCH DMRS signal since the PSCCH content is likely to be the same and thus utilization of CRC field to randomize DMRS may not be sufficient. In this contribution, we discuss technical corrections for PSSCH DMRS generation following the agreements made at the previous RAN1WG meeting.
Agreements:
	· DMRS randomization of a PSSCH follows the CRC of the SA in the same subframe as the PSSCH

· Discuss in RAN1#87 whether additional mechanism is needed for PSSCH DM RS randomization focusing on the single-subframe transmission case.


Note that at the previous RAN1 WG meeting, the issue was briefly discussed based on [6] with the following conclusion: 

	· Continue discussion till next meeting

· Companies are encouraged to check whether there is an issue and if so, how to solve it


2 PSSCH DMRS Demodulation Issue
In most of the cases the V2V communication is characterized by periodical transmissions of fixed size messages. The subchannel based sidelink resource allocation for V2V communication is very likely to cause correlated UE decisions in terms of radio-layer parameters for packet transmission including (number of occupied subchannels, MCS and priority given that the latter is traffic characteristic). Therefore if only CRC of PSCCH is used to randomize DMRSs PSSCH then there is a very high likelihood that UEs randomly selecting the same resource for transmission will have the same DMRS sequence in case of one TTI transmission.

It was argued that sensing procedure resolves this problem, since UE aims to select non-occupied/non-congested resources. However, sensing procedure has some degree of randomization that may lead to collision on resources even for nearby vehicles and more importantly the hidden node problem is still there. The distant transmitters that cannot hear each other are likely to select the same communication resource that will cause demodulation issue for the receiver in between of these two transmitters (see Figure 1).

[image: image1.emf]Target V2V Communication 

Range - R

T

Vehicle #1 

UE-TX1

R

T

Target V2V Communication 

Range - R

T

Needs to receive from both 

vehicles #1 & #2

Vehicle #2 

UE-TX2

Strong inter-vehicular co-channel interference in PC5 V2V 

communication

 


Figure 1: PSSCH DMRS demodulation issues (hidden node problem)
We would like to note that exactly the same issue was used as an argument to randomize PSCCH DMRS using random cyclic shift. Therefore we are not clear why similar logic is not applied for PSSCH. It may be argued that in case of two TTI transmissions there is not such a big problem which is true, however 1 TTI transmission is one of the main mode of operation, especially in case if congestion control is enabled and therefore it should be also properly addressed.
Our link level analysis presented in Figure 2, clearly shows obvious benefits from randomization of PSSCH DMRS signals.
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Figure 2: PSSCH DMRS demodulation issues (hidden node problem)
Based on this discussion we have a proposal:
Proposal 1
· RAN1 defines additional randomization for PSSCH DMRS signals.

3 PSSCH DMRS Randomization for V2V Communication
Based on the RAN1 WG agreements for sidelink V2V communication, the cyclic shift for DMRS of PSCCH can be randomly selected by UE among four values [0, 3, 6, 9]. The technical motivation behind this proposal is to improve channel demodulation in interference limited environment when several UEs occupy the same PSCCH resource. In this case, the additional cyclic shift randomization of PSCCH DMRS can help to improve PSCCH channel performance in case if co-channel PSCCH interference utilize different cyclic shift value (
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). In case of collision if PSCCH was successfully demodulated due to random cyclic shift, then the same cyclic shift is likely to provide similar results for PSSCH. It motivates to apply the similar principle for PSSCH DMRS signals to be consistent with PSCCH processing (see additional details of this solution in Section 4).
4 DMRS Cyclic Shift Generation for V2V PSSCH
For PSSCH DMRS, the RAN1 WG agreed that PSSCH DMRS sequence generation depends on parameter: “the quantity 
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 equals the CRC on the PSCCH.” The quantity 
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 depends on the content of SCI Format 1 that provides information on L1 parameters including information on time and frequency resources for corresponding PSSCH transmission. We notice that in case of fixed packet and resource size, UEs transmitting in the same resource are likely to have the same content of SCI format 1 and therefore CRC field may be identical, degrading PSSCH demodulation performance in interference limited scenario.
In order to reduce this problem, we propose to apply the randomly selected PSCCH cyclic shift for PSSCH DMRS generation. Note that it will not increase the blind decoding complexity given that PSCCH is expected to be decoded by that time and thus DMRS cyclic shift can be known. This approach can be used for the case of single PSCCH/PSSCH transmission per TB without modification of SCI format 1.
In case of two PSSCH transmissions per TB, given that each PSCCH transmission utilizes randomly selected cyclic shift value, the information about cyclic shift value for retransmission needs to be carried by PSCCH SCI format 1 in order to enable PSSCH combining. Therefore if time gap between initial transmission and retransmission is not zero, the additional field (two bits) indicating DMRS cyclic shift of the other transmission is needed.
Proposal 2
· Apply the PSCCH DMRS cyclic shift for PSSCH DMRS generation.
· Add additional field PSCCH SCI format 1 indicating DMRS cyclic shift of retransmission.

5 Other Potential Options

Other potential options to address the PSSCH demodulation problem in case of the single-subframe transmission is to specify one of the following UE behaviors [6]]
· Value of frequency resource location field is randomly selected among all the possible code points corresponding to the same subchannel chosen by the Tx UE.

· Value number of retransmission index field is randomly selected between 0 and 1.

In our view these options do not have any correlation with PSCCH processing and may lead to situation when PSCCH is decoded but PSSCH is failed due to insufficient randomization. The actual behavior should be opposite, i.e. if in case of PSCCH collision the CS helped to decode PSCCH the same should be useful for PSSCH. 

It should be noted that in case of single PSSCH transmission it may be possible to enable all three options together as a compromised solution that is likely to provide the best system performance i.e. apply the PSCCH CS to PSSCH and additional randomization of PSCCH fields as discussed in the above section. From our side this compromised solution can be acceptable and clearly will improve V2V communication performance comparing to the case with no additional randomization.
6 Proposed Text Changes
In this section, we provide proposed text changes for consideration of LTE specification editors to reflect our technical proposals made in the section 4.
6.1 Text Change Proposal for TS 36.211

In section “9.8 Demodulation reference signals” of TS 36.211 apply the following change in Table 9.8-1.

-------------------------------- Proposed text change #1: ----------------------------------------------------------
Table 9.8-1: Reference signal parameters for PSSCH.

	a) Parameter in clause 5.5.2.1
	a) PSSCH 

	b) 
	b) Sidelink transmission modes 1 and 2
	a) Sidelink transmission 
modes 3 and 4

	Group hopping
	
	enabled
	Enabled
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	Sequence hopping
	
	disabled
	disabled

	Cyclic shift
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same 
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	Orthogonal sequence
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	Reference signal length
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-------------------------------- End of proposed text change #1: ----------------------------------------------------------
6.2 Text Change Proposal for TS 36.212
In section “5.4.3.1.2 SCI format 1” of TS 36.212 add additional field indicating DMRS CS of retransmission.

------------------------------------------------------- Proposed text change #2: ----------------------------------------------------------
5.4.3.1.2
 SCI format 1

SCI format 1 is used for the scheduling of PSSCH. 

The following information is transmitted by means of the SCI format 1:

- Priority - 3 bits as defined in section 4.4.5.1 of [7]
- Resource reservation – 4 bits as defined in section 14.2.1 of [3]

- Frequency resource location – 
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 bits as defined in section 14.1.1.4C of [3].
- Time gap between initial transmission and retransmission - 4 bits as defined in section 14.1.1.4C of [3]
- Modulation and coding scheme – 5 bits as defined in section 14.2.1 of [3]
- Retransmission index – 1 bit as defined in section 14.2.1 of [3].
- DMRS cyclic shift – 2 bits indicating randomly selected DMRS cyclic shift for other PSCCH/PSSCH transmission of the same transport block. This field is present only if the field Time gap between initial transmission and retransmission is non-zero.
- Reserved information bits are added until the size of SCI format 1 is equal to 32 bits. The reserved bits are set to zero.
--------------------------------------------------- End of proposed text change #2 ----------------------------------------------------------
7 Conclusions

In this contribution, we proposed technical correction for V2V implementation in the TS 36.211 and 36.212 in order to enable additional randomization for PSSCH DMRS. We recommend RAN1 WG to review the proposed changes and implement in specification.
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