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1. Introduction
This contribution is updated based on companion contribution R1-1720777 [1].

In RAN1 #90, #90b and #91 meeting, the following agreements were reached regarding to diversity scheme for PSCCH and PSSCH.
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In this contribution, potential TxD schemes for PSCCH and PSSCH will be discussed.
2. Small delay CDD for PSCCH

In RAN 1 #90b meeting, it has been agreed that small delay CDD can be used by PSCCH. And a further discussion is whether use of small delay CDD is spec. transparent or not.
In our opinion, the use of small delay CDD, including the delay value selection, can be UE implementation issue. But some advice on delay value selection can be provided to UE as well. For example, candidate delay value(s) for small delay CDD can be (pre-)configured depending on UE speed, when UE speed is below certain threshold, candidate delay value from [0, 2]us can be configured; when UE speed is above the threshold, delay value should be 0. The reason is that, small delay CDD has performance degradation in high speed case, and especially it is observed in companion contribution [2] that the accuracy of half-sequence CFO estimation [3] will be impacted in case that small delay CDD is applied in high speed, so, if no proper CFO estimation method is given to address this issue, it is not advised that UE uses small delay CDD in high speed case.
Proposal 1: UE speed dependent delay value(s) for small delay CDD can be (pre-)configured.
3. Non-transparent TxD schemes for PSSCH
In RAN1#91 meeting, it was agreed that Alamouti-scheme is candidate non-transparent diversity scheme for PSSCH. In the following, Alamouti-scheme will be introduced and corresponding RS design will be given. 
3.1. Alamouti-scheme introduction
For Alamouti SFBC/STBC, the diversity gain comes from transmitting one signal via two different spatial paths. In Alamouti SFBC/STBC scheme, the diversity gain highly depends on channel similarity of RE-pair. Conventional SFBC which maps RE-pair on adjacent sub-carriers would provide good diversity gain, but PAPR on one antenna is high, the variation of SFBC, e.g., SC-SFBC [4], maps RE-pair on non-adjacent sub-carrier, which could reduce the PAPR on the antenna, but diversity gain will also reduce due to less channel similarity on RE-pair. For STBC scheme, single-carrier property preserves on each antenna, and in low speed case, the channel similarity between RE-pair on adjacent symbol is high, thus relative high diversity gain is expected, but in high speed case, the channel similarity between RE-pair on different symbols will be impacted, which degrades diversity gain of STBC. 
SFBC provides higher diversity gain than STBC especially in high speed scenarios, and CM increase of SFBC is relaxed considering half transmission power on each antenna, so SFBC is proposed to be supported as non-transparent transmission diversity scheme.  
Proposal 2: Confirm the working assumption that SFBC-based scheme is used as two-port non-transparent transmit diversity scheme for PSSCH.
3.2. RS design for two port non-transparent TxD scheme
Non-pre-coded RS could be considered for two port non-transparent TxD scheme. Both FDMed or CDMed RS can map to separated antenna port. 
· FDMed RS
If FDMed RS are used on different antenna, single RS sequence could be considered by mapping extracted symbol of the sequence on different antenna port as in figure 1-a, but PSSCH-RSRP measurement accuracy will be unpredictable impacted as single RS sequence is split onto two antenna ports and transmitted to receiver via different channel.

· CDMed RS

If CDMed RS are adopted, RS generated based on SA CRC, i.e., Rel-14 RS, could be mapped on one antenna port which could be used for PSSCH-RSRP measurement, and sequence by its cyclic shift could be mapped on other antenna port as in figure 1-b, RS sequence generated based on SA CRC could be transmitted alternate on two antenna ports to improve PSSCH-RSRP measurement accuracy.
The shortcoming of CDMed RS is that, 3dB degradation on PSSCH-RSRP measurement will be observed by Rel-14 UE. To address this issue, allocating more power on the antenna port transmitting Rel-14 RS sequence can be considered, but this cannot fully compensate 3dB PSSCH-RSRP degradation. 
As the consequence of measured PSSCH-RSRP degradation is that resource occupied by Rel-15 UE using two port diversity scheme has less probability to be excluded by other UEs during resource exclusion based on PSSCH-RSRP measurement, then Rel-15 UE using two port diversity may suffer more interference. In resource exclusion procedure, PSSCH-RSRP is measured on certain resource, if measured PSSCH-RSRP on the resource is above predetermined threshold, the resource will be excluded, where the threshold is determined according to PPPP of packet on this resource, i.e., if PPPP is higher, then the threshold for resource exclusion is lower, where 2dB difference is set for adjacent PPPP values. 
To address the issue of 3dB degradation on PSSCH-RSRP measurement, virtual increment on PPPP value for the packet transmitted by Rel-15 UE using two port Tx diversity can be considered, e.g., one level higher virtual PPPP is indicated by SA of Rel-15 UE using two port Tx diversity. Rel-14 decodes the virtual PPPP and use PSSCH-RSRP threshold of virtual PPPP, which is lower than that of the original PPPP, to exclude the associated resource. Therefore, 3 dB power loss on PSSCH-RSRP can be compensated by PSSCH-RSRP based on virtual PPPP. If virtual increment on PPPP is explicitly or implicitly indicated by SA, then Rel-15 UE could recover the original PPPP of the packet after decoding SA. and resource exclusion will be performed based on two-port PSSCH-RSRP and PSSCH-RSRP threshold based on original PPPP 
Observation 1: PSSCH-RSRP degradation is observed by Rel-14 UE on resource occupied by Rel-15 UE using two port CDMed RS (where one port uses Rel-14 RS sequence).  
Observation 2: Virtual increment on PPPP value for packet transmitted by Rel-15 UE using two port CDMed RS (where one port uses Rel-14 RS sequence) can mitigate inaccurate PSSCH-RSRP measurement by Rel-14 UEs. 
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Figure 1 non-pre-coded RS
Based on above discussion on RS design, we have following proposal,
Proposal 3: Support CDMed non-pre-coded RS for two port non-transparent diversity scheme.
· Rel-14 DMRS sequence is always transmitted on at least one port.
· Fixed cyclic shift is applied to the other port.
· FFS whether virtual PPPP is used
3.3. Use of Non-transparent diversity

It is assumed that non-transparent transmission diversity can be supported by PSSCH and the support is up to UE capability at regional level. If non-transparent transmission diversity is used by Rel-15 UE, although Rel-14 UE cannot decode packet from Rel-15 using non-transparent transmission diversity, other Rel-15 UE can distinguish and decode the Rel-15 UE using non-transparent transmission diversity, e.g., additional indicator in SCI to indicate the two-port transmission. So, non-transparent diversity scheme can be supported by PSSCH for communication between Rel-15 UEs. 
In the following, scenario to use non-transparent transmission diversity by Rel-15 UE will be discussed.  
· When transmitting to Rel-14 UE

As Rel-14 UE cannot decode non-transparent TxD scheme, so if the message delivery is targeting both Rel-14 and Rel-15 UE, non-transparent TxD scheme should not be adopted. Whether to use TxD scheme for certain type of message can be (pre)configured in high layer according to service type.
· Receiver type
It was evaluated in contribution [5], non-transparent TxD scheme degrades performance for UE with advanced receiver, whether and how to support non-transparent diversity scheme in case of co-existence of non-advanced and advanced receiver should be studied. One example is that use of certain non-transparent diversity scheme can be NW configured, e.g., when the ratio between UE with non-advanced receiver and advanced receiver below a threshold, non-transparent diversity scheme can be enabled.
Non-transparent diversity scheme is not always beneficial compared with single antenna transmission, so (pre)configure the use of non-transparent diversity scheme is more suitable than UE implementation.

Proposal 4: the use of non-transparent transmission diversity is (pre)configured.
· FFS: how to preconfigure the use of non-transparent transmission diversity.
4. Conclusion
In this contribution, diversity schemes for PSCCH and PSSCH have been discussed. Based on the discussion, the following proposals and observations are made:

Proposal 1: UE speed dependent delay value(s) for small delay CDD can be (pre-)configured.
Proposal 2: Confirm the working assumption that SFBC-based scheme is used as two-port non-transparent transmit diversity scheme for PSSCH.
Observation 1: PSSCH-RSRP degradation is observed by Rel-14 UE on resource occupied by Rel-15 UE using two port CDMed RS (where one port uses Rel-14 RS sequence).  
Observation 2: Virtual increment on PPPP value for packet transmitted by Rel-15 UE using two port CDMed RS (where one port uses Rel-14 RS sequence) can mitigate inaccurate PSSCH-RSRP measurement by Rel-14 UEs. 
Proposal 3: Support CDMed non-pre-coded RS for two port non-transparent diversity scheme.

· Rel-14 DMRS sequence is always transmitted on at least one port.
· Fixed cyclic shift is applied to the other port.
· FFS whether virtual PPPP is used
Proposal 4: the use of non-transparent transmission diversity is (pre)configured.

· FFS: how to preconfigure the use of non-transparent transmission diversity.
References

[1] R1-1720777, “Transmission diversity solutions”, NTT DOCOMO, RAN1#91, Dec.2017.
[2] R1-1718168 “Evaluation results for transmission diversity scheme for PSSCH”, NTT DOCOMO, RAN1#90Bis, Oct. 2017.
[3] R1-160284, “DMRS enhancement of V2V”, Huawei, RAN1#84, February, 2016.
[4] C. Ciochina, D. Castelain, D. Mottier and H. Sari, “A Space-Frequency Block Code for Single-Carrier FDMA,” Electronics Letters 44(11):690 - 691 February 2008.
[5] R1-1712485, “Evaluation of Candidate Transmit Diversity Schemes for LTE V2V Sidelink Communication”, Intel, RAN1#90, Aug. 2017
Working Assumption (may be revisited based on RAN4 response):


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


Agreement:


For PSCCH, small delay CDD can be used on PSCCH


FFS whether the cyclic delay value is specified or left for UE implementation


Agreement


Assuming the previous WA of introducing non-transparent transmit diversity is confirmed, for two-port non-transparent transmit diversity for PSSCH, downselect 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
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