
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3]3GPP TSG RAN WG1 #98bis Meeting	    			             R1-1910469
Chongqing, China, October 14th – 20th, 2019
Agenda item:	7.2.4.1
Source: 	Samsung
Title: 	On physical layer structures for NR V2X
Document for:	Discussion and Decision
[bookmark: _GoBack]Introduction
In RAN#83 meeting, the WID for 5G V2X with NR sidelink was approved [1], which was revised in RAN#85. Regarding sidelink physical channel structures, the work scopes are aligned with TR 38.885 [2], which is the study outcome for NR V2X.  Therefore, the discussion would be the continuation of the discussion in the study item phase. In RAN1#97 and RAN1#98 meetings, the following agreements were made in this agenda.
	Agreements:
· A sequence-based PSFCH format with one symbol (not including AGC training period) is supported.
· This is applicable for unicast and groupcast including options 1/2.
· Sequence of PUCCH format 0 is the starting point.
· FFS: 1 PRB or multiple PRBs is/are used for this PSFCH format
· FFS: feasible number of HARQ-ACK bits, mapping of HARQ-ACK bit 
· FFS whether to support the following formats
· X-symbol PSFCH format with a repetition of the one-symbol PSFCH format (not including AGC training period).
· E.g. X=2
· A PSFCH format based on PUCCH format 2
· A PSFCH format spanning all available symbols for sidelink in a slot
Agreements:
· Transmission of PSSCH is mapped onto contiguous PRBs only
Agreements:
· Sub-channel size is (pre)configurable.
· FFS details (e.g., possible sizes, a minimum size etc.)
Working assumption:
· Rel-15 PDSCH DMRS Configuration type 1 and/or type 2 are reused for frequency-domain pattern of PSSCH DMRS.
· FFS whether to support either one or both types
· FFS details on multiplexing of different ports for PSSCH DMRS

Agreements:
· In physical layer perspective, a (pre-)configured resource pool can be used for all of unicast, groupcast, and broadcast for a given UE. 
· There is no (pre-)configuration to inform which cast types are used for the resource pool.
Agreements:
· (Pre-)configuration of one or more PSSCH DMRS pattern(s) in time domain per a resource pool is supported.
· Exact DMRS pattern is indicated by SCI
· FFS details, including whether or not to have the indication bit in case of one (pre)configured DMRS pattern
· For Mode 2, DMRS pattern is chosen by the transmitter UE from the (pre)configured patterns for the resource pool.
· FFS: case for Mode 1
· FFS: whether/how to use restrictions for choice of DMRS pattern 
· FFS on details on time-domain pattern
· FFS the number of possible DMRS patterns
· Note: it is not intended to specify DM-RS based resource pool selection 
Agreements:
· Support 2-stage SCI
· 1st SCI is carried in PSCCH.
· FFS: other details



In this contribution, in continuation of the discussion, we provide our views on details of sidelink physical layer structure, especially based on Feature Lead summary used in RAN1#97 [3]. 

Resource Pool/BWP/Carrier
Resource pool and BWP
When configuring a resource pool, the granularity needs to be discussed for frequency and time domains. In order to have scheduling and configuration flexibility, PRB and slot are preferred for the granularity of a resource pool. Next, to consider subchannel which is a granularity of PSSCH resource allocation and channel sensing, it would be beneficial that the total number of PRBs of a resource pool is a multiple of the size of a subchannel. This means, the frequency-domain granularity of a resource pool becomes a subchannel, which is configurable. For the design of resource pool, flexibility to assign a resource pool should be considered. Resource pool definition in LTE V2X is flexible enough and can be considered as a baseline for NR V2X. The time domain pattern can be signaled by a bitmap, while the frequency domain pattern can be a set of continuous PRBs. NR sidelink is also targeted to operate in licensed band with Mode 1. In this case, similarly to the design of Rel-15 Uu with consideration of reserved resources and flexibility, sidelink design also needs to consider those points. If there are many portions of reserved resources in a carrier, then if only contiguous PRBs are allowed to be in a resource pool, then there are quite large limitation on performance due to the lack of resources, e.g., smaller number of PRBs per resource pool.
One issue to be discussed is whether to support symbol-level configuration of resource pool. If symbol-level configuration of a resource pool and control region, then the overhead of the time gaps for transition at the UE side would be much larger than slot-level configuration.
[bookmark: _Ref534628829]Proposal 1: The granularity of resource pool is a subchannel and a slot.
[bookmark: _Ref16861034]Proposal 2: A resource pool can consist of non-contiguous PRBs. 

Supported channel bandwidth of a sidelink carrier
As already mentioned above, Rel-16 sidelink design is also targeted to operate in a Uu carrier. For this, RAN1 has considered coexistence between Uu and sidelink in the same carrier. Therefore, Rel-16 NR V2X needs to be supported with the maximum sidelink carrier bandwidth as the same as Rel-15 NR Uu.
[bookmark: _Ref16861038]Proposal 3: A sidelink carrier bandwidth is supported up to 50 MHz with 15 kHz SCS, 100 MHz with 30/60 kHz SCS in FR1 and up to 200 MHz with 60 kHz SCS and 400 MHz with 120 kHz SCS in FR2. 

Slot structure with physical channels 
Transmissions of physical channels in a slot
For NR sidelink, three physical channels are agreed to support, i.e., PSCCH, PSSCH, and PSFCH. The next details to be discussed is which combinations among the three physical sidelink channels are allowed to be in the same slot. 
The above figure shows the example of slot structure having PSCCH, PSSCH, and PSFCH in the same slot. Similarly, there are 7 combinations as below.
	1. PSCCH only
	4. PSCCH + PSFCH
	7. PSCCH + PSSCH + PSFCH

	2. PSSCH only
	5. PSSCH + PSFCH
	-

	3. PSFCH only
	6. PSCCH + PSSCH
	-



In RAN1#96bis, RAN1 agreed that every N slots can have PSFCH resource as (pre-)configured. One of the purpose of this configuration for PSFCH resource is to reduce the resource overhead used for feedback. In this scenario, the case of PSFCH only (Case 3), PSCCH+PSSCH (Case 6), and PSCCH+PSSCH+PSFCH (Case 7) should be supported. For the remaining cases, RAN1 first needs to consider the following.
· Which use cases exist for PSCCH without its scheduled PSSCH (for Case 1, Case 4)
· One possible use case is PSCCH having purposes other than scheduling PSSCH, e.g., resource reservation, group-common purposes.
· Other possible use case is cross-slot scheduling. 
· Which use cases exist for PSSCH without its scheduling PSCCH (for Case 2, Case 5)
· One possible use case is cross-slot scheduling.
· Other possible use case is slot aggregation/multi-slot scheduling.
However, all the above possible use cases for PSCCH without PSSCH or for PSSCH without PSCCH affect channel sensing/resource reservation/resource selection mechanisms. Therefore, whether to support use cases for PSCCH without PSSCH or for PSSCH without PSCCH should be carefully analyzed. Regarding PSCCH-only transmission, if it is allowed in Rel-16 V2X, control channel collision due to increase of PSCCH and resource waste due to not transmitting in the remaining symbols and the same PRBs of PSCCH may occur. 
[bookmark: _Ref5190377][bookmark: _Ref16861066][bookmark: _Ref7547867]Proposal 4. Support PSCCH+PSSCH, PSCCH+PSSCH+PSFCH, PSFCH-only transmissions within a slot.
[bookmark: _Ref16861070]Proposal 5. Not support PSCCH-only, PSSCH-only, PSCCH+PSFCH, PSSCH+PSFCH transmissions within a slot.

Multiplexing of physical channels
RAN1 has discussed how to multiplex PSCCH and PSSCH in a slot and made working assumption to support Option 3 as shown in the following figure. Since RAN4 concludes that there is no critical issue to support Option 3, the working assumption can be confirmed. 
[image: ]
One issue is whether to allow TDM like Option 1A/1B and FDM like Option 2. Regarding FDM, according to the supported number of symbols for a slot and PSCCH, Option 3 can become Option 2 by scheduling or slot format. For example, if a slot only has 3 sidelink symbols and 3-symbol PSCCH is used, the mapping of PSCCH and it scheduled PSSCH would look like Option 2 even though Option 3 is intended. Similarly, according to the number of PRBs used for PSSCH, the mapping of PSCCH and it scheduled PSSCH would look like Option 1A even though Option 3 is intended. 
[bookmark: _Ref16861073]Proposal 6. If smaller number of PRBs is allocated for PSSCH, then TDM between PSCCH and PSSCH is allowed.
[bookmark: _Ref16861077]Proposal 7. If PSCCH spanning all the sidelink symbols of a slot is supported, then FDM between PSCCH and PSSCH is allowed. 

Whether to allow FDM between PSFCH and PSCCH/PSSCH should be also considered. If FDM between PSFCH and PSCCH/PSSCH is allowed, more issues to be handled occur, e.g., prioritization and power control when PSSCH and PSFCH need to be transmitted in the same symbols. Therefore, we propose not to support FDM between PSFCH and PSCCH/PSSCH in Rel-16.
[bookmark: _Ref16861081]Proposal 8. FDM between PSFCH and PSCCH/PSSCH is not supported in Rel-16.

PSCCH design
[image: ]
Figure 1. Illustration of Rel-15 NR PDCCH structure for 3 symbol PDCCH
	Rel-15 NR PDCCH uses the mapping structure by defining REG and CCE, where REG occupies 1 PRB and 1 symbol, and CCE occupies 6 REGs. With the existing PDCCH structure, the following alternatives can be considered for PSCCH structure. 
· Alt 1) Reuse NR PDCCH structure for PSCCH.
· Alt 2) Introduce new structure for PSCCH.
At this point, Rel-15 NR PDCCH structure seems enough to support all use cases for NR V2X. 
	Next, it needs to be discussed where PSCCH is mapped. This may be related to the resource allocation and granularity of PSCCH, e.g., subchannel or n PRB(s). Also, how to define search space needs to be discussed.   
One more thing to discuss is whether to support distributed (interleaved) mapping of PSCCH. Differently from PDCCH which can be decided by one gNB for mapping, each vehicle may transmit PSCCH by its decision for mapping. In this case, when interleaved mapping is used for PSCCH, the frequency band may not be utilized efficiently due to frequency resource collision among multiple PSCCH transmitted by different vehicles. 
Proposal 10. Rel-15 NR PDCCH structure is the baseline for PSCCH where 1st stage SCI is transmitted and Rel-15 NR UCI structure is the baseline for 2nd SCI.
[bookmark: _Ref534628843]Proposal 9. Discuss further whether to support interleaved mapping for PSCCH or not.

The subchannel size and the frequency/time domain granularity of PSCCH are not decided. The granularity of PSCCH should depend on SCI format size and target coverage. One potential issue is whether the granularity of PSCCH is smaller than subchannel size and whether to allow multiple candidate PSCCH resources within one subchannel. Multiple candidate resources for PSCCH may help to reduce collision probability between different UEs. And then RAN1 can discuss how to map PSCCH into the candidate resources and whether to map more than one PSCCH in a single subchannel. 
[bookmark: _Ref5190394]Proposal 10. Discuss the subchannel size and granularity of PSCCH.
[bookmark: _Ref5190397]Proposal 11. Discuss further UE behaviour for possible multiple candidate PSCCH resources within a subchannel.

In Figure 2, detailed mapping for PSCCH of 1st stage SCI and PSCCH of 2nd stage SCI are described. First of all, two alternatives can be considered in the figure below for PSCCH mapping for 1st stage SCI. Alt 1 is that PSCCH is transmitted within sub-channel where PSSCH is transmitted as shown in Fig 2-1 and Fig 2-2 (with PSCCH repetition). Alt 2 is that PSCCH can be transmitted over sub-channels by configuring PSCCH start position (nSubCHstartPSCCH) and # of sub-chanenl for PSCCH transmission (numSubCH-PSCCH) as shown in Fig 2-3, 2-4 and Fig 2-5.
	[image: ]
Fig 2-1(Alt 1a)
	[image: ]
Fig 2-1(Alt 1b)
	[image: ]
Fig 2-3 (Alt 2a)
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Fig 2-4 (Alt 2b)
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Fig 2-5 (Alt 2c)


Figure 2. Examples of PSCCH mapping for 1st stage SCI
Second, in Figure 3 two alternatives can be considered for PSCCH mapping for 2nd stage SCI. Alt 1 is that PSCCH is mapped from next symbol after the first DMRS symbol for PSSCH in symbol level as shown in Fig 3-1. Alt 2 is that PSCCH is mapped from the first DMRS symbol for PSSCH like Uu UCI structure as shown in Fig 3-2.
	

Fig 3-1 (Alt 1)
	

Fig 3-1 (Alt 2)

	



Figure 3. Examples of PSCCH mapping for 2nd stage SCI

SCI design for 2-stage SCI
For 2-stage SCI, information only related to channel sensing and reservation needs to be included in the 1st SCI. With this principle, it is recommended that, in the 1st SCI, the following SCI contents are included.
	frequency-domain resource assignment for scheduling PSSCH
Time gap between initial transmission and retransmission
resource reservation
QoS indication (Priority)
second SCI indication (or reserved bits)


With this above contents, the size of the 1st SCI could be minimized. Also, the following information would be in the 2nd SCI.
	HARQ process number, NDI, RV, MCS
CSI indication
CSI request
DMRS time-domain pattern
DMRS sequence initialization
PTRS-DMRS association
CBGTI
Transmission format 
Location information of transmitter
A range requirement 



With this above principles, in order to reduce blind decoding of the 1st SCI, a same SCI size should be assumed all for unicast, groupcast, broadcast in a resource pool. The 24-bit CRCs are added to each SCI. The remaining contents are Layer-1 source ID and Layer-1 destination ID. This can be decided after discussion of PHY layer procedure and other agendas. 
[bookmark: _Ref21336685]Proposal 12. The 1st SCI carries frequency-domain resource assignment for scheduling PSSCH, Time gap between initial transmission and retransmission, resource reservation, QoS indication (Priority), second SCI indication (or reserved bits).
[bookmark: _Ref21336690]Proposal 13. A UE assumes that SCI size in a resource pool is the same regardless of unicast, groupcast, and broadcast. 

PSSCH design
Principle of PSSCH design
For CP-OFDM, Rel-15 NR PUSCH has the similar design as PDSCH, i.e., channel coding, mapping type A/B, mapping order, DMRS, resource allocation and so on. Considering that option 3 in Figure 4 is supported and the first OFDM symbol needs to be used for AGC, Rel-15 NR PDSCH design may be better than Rel-15 NR PUSCH design. So, Rel-15 NR PDSCH structure can be reused for PSSCH. One issue to be discussed is whether to support either NR PDSCH mapping type A or NR PDSCH mapping type B, or both for PSSCH. Considering standardization time line, supporting PDSCH mapping type A is preferred for PSSCH mapping type. 
[bookmark: _Ref534628849][bookmark: _Ref16861106]Proposal 14. Rel-15 NR PDSCH design is the baseline for PSSCH.

PSSCH DMRS
[bookmark: _Ref534628865][bookmark: _Ref797164]Our companion paper [4] discusses detailed patterns of PSSCH DMRS with evaluation results, which compares PSSCH DMRS based on PDSCH DMRS type 1 and type 2. 
[image: ]
Figure 4. Frequency domain pattern types for Rel-15 NR PDSCH
It is shown that type-2 based DMRS for PSSCH much outperforms type-1 based DMRS for PSSCH. It is from low overhead of type-2 based DMRS for PSSCH than type-1 based. Since NR-V2X aims to use up to 2 layers, a DMRS structure with low overhead provides better performance. For detailed results, please see Appendix A.
[bookmark: _Ref7547903][bookmark: _Ref16861109]Proposal 15. Type-2 DMRS for PDSCH is the baseline of PSSCH DMRS for frequency-domain pattern. 

	In RAN1#98 meeting, the following agreement was made for DMRS pattern in time domain as
· For Mode 2, DMRS pattern is chosen by the transmitter UE from the (pre)configured patterns for the resource pool.
· FFS: case for Mode 1
· FFS: whether/how to use restrictions for choice of DMRS pattern 
The remaining issue is then how the transmitter UE to decide DMRS pattern in time domain. When feedback information such as SL HARQ ACK/NACK or SL CSI is available, the transmitter UE can select DMRS pattern in time domain based on this feedback information. Otherwise, LTE approach can be reused. More specifically, in LTE V2X, the transmitter UE’s speed was used to for MCS decision and there is no available information for choosing DMRS pattern in time domain. Moreover, this principle can be applied both in Mode 1 and Mode 2 UEs. In this regard, we propose:
[bookmark: _Ref21337285]Proposal 16. For both Mode1 and Mode 2, DMRS pattern in time domain is chosen by the transmitter UE if multiple time domain patterns of DMRS is configured in resource pool.
> If there is feedback information (SL HARQ ACK/NACK or SL CSI), the transmitter UE selects DMRS pattern in time domain by feedback information
> Otherwise, transmitter UE selects DMRS pattern in time domain within restricted set by transmitter UE’s speed.

PSSCH PTRS
Rel-15 NR Uu’s PTRS was designed for both CP-OFDM and DFT-s-OFDM. Since NR V2X supports CP-OFDM only, we can reuse the design of Rel-15 NR Uu’s PTRS for CP-OFDM. However, the issue is how to configure PTRS parameters in sidelink. Specifically, in case of NR Uu, Uu RRC is used to configure PTRS parameters such as PTRS time and frequency density. Therefore, NR Uu PTRS is not transmitted before RRC configuration. On the other hand, in sidelink PSCCH/PSSCH transmission can be occurred before and after Uu RRC configuration. Therefore, different PTRS configuration as in NR Uu is necessary. (Pre-)configuration of one fixed or configurable PTRS parameters per a resource pool can be used in sidelink similarly with agreed configuration principle for DMRS pattern in time domain. In sidelink PTRS parameters, at least PTRS time density and frequency density is included.
[bookmark: _Ref21336696]Proposal 17. PTRS design  for CP-OFDM in Rel-15 NR Uu is the baseline for sidelink PTRS.
[bookmark: _Ref21336700]Proposal 18. (Pre-)configuration of one fixed or configurable PTRS parameters per a resource pool is supported.
>The configurable PTRS parameters include at least PTRS time density and frequency density.

Maximum modulation order 
LTE V2X supports modulation up to 64QAM in Rel-15. However, a Rel-14 V2X UE can only support up to 16QAM, which causes additional complexity on system configuration, especially considering the nature of broadcast traffic in LTE V2X. In NR sidelink, it is better to support 64QAM from the beginning. On the other hand, NR Uu supports 256QAM as an UE capability to provide higher peak date rate. Advanced NR V2X use cases require very high data rate and 256QAM needs to be supported. So, not only to avoid that similar discussion to modulation for Rel-15 V2X happens but also to support the advanced use cases, it is reasonable to introduce 256QAM in the first release of NR V2X.
	In NR, the calculation of max data rate supported by a UE is provided as follows as in [4] for single carrier case, where the scaling factor is assumed as unity.

In the above calculation, , , , , , and  are the number of supported layers, supported maximum modulation order, maximum code rate, the number of PRBs, slot length, and overhead ratio, respectively. Considering gap symbols and control/RS overhead, let's assume OH=20%. Also, suppose that . Then, for 20 MHz sidelink carrier, the following UE max data rate can be obtained for 30 kHz subcarrier spacing. 
	
	
	
	
	
	 (us)
	OH
	data rate (Mbps)

	256 QAM
	2
	8
	0.925781
	51
	35.71
	0.2
	203

	64 QAM
	2
	6
	0.925781
	51
	35.71
	0.2
	152


As expected, without supporting 256QAM, achieving high data rate via sidelink cannot be feasible. Also, Rel-16 NR V2X will introduce unicast sidelink communications with feedback channel including HARQ-ACK feedback and CSI feedback. These kinds of feedback information will enable to use 256QAM with enough reliability. 
LTE V2X targets broadcast services and there is no physical layer ID in SCI. The sequence for scrambling and DMRS of data channel is randomized by the CRC of SCI. As discussed in [4], assuming an ID is used in physical layer, the ID can be used in scrambling code as well as DMRS sequence generation. 
Regarding the number of TBs in a PSSCH, RAN1 has discussed a lot in MIMO topics throughout Rel-15 SI/WI phases concluded to support only one TB up to 4 layers in shared channel. This principle can be reused for V2X sidelink communications.
[bookmark: _Ref534628823][bookmark: _Ref5190379][bookmark: _Ref16861112]Proposal 19: Rel-16 NR V2X supports 256 QAM for PSSCH and single TB per PSSCH.

PSFCH design
PSFCH format
In RAN1#96bis, every N slots can be configured to have a resource for PSFCH, where N > 1. This is to reduce the feedback overhead. With this direction, more than 2 bits of HARQ-ACK feedback per PSFCH are naturally needed to support. So, it can be argued that additional PSFCH format is necessary on top of the agreed PSFCH format based on NR PUCCH format 0. However, as long as the number of bits for HARQ feedback is not large (e.g., less than or equal to 4 bits), the PSFCH format that already agreed would be sufficient taking into account its performance and limited timeline of Rel-16 NR V2X WI. So, additional PSFCH format is not necessary for Rel-16 NR V2X other than this format.
[bookmark: _Ref7547908]Proposal 20. Support single PSFCH format only based on PUCCH format 0.

Conclusions
In this contribution, we provide our views on the physical layer structures for NR sidelink with the following proposals.
Proposal 1: The granularity of resource pool is a subchannel and a slot.
Proposal 2: A resource pool can consist of non-contiguous PRBs.
Proposal 3: A sidelink carrier bandwidth is supported up to 50 MHz with 15 kHz SCS, 100 MHz with 30/60 kHz SCS in FR1 and up to 200 MHz with 60 kHz SCS and 400 MHz with 120 kHz SCS in FR2.
Proposal 4. Support PSCCH+PSSCH, PSCCH+PSSCH+PSFCH, PSFCH-only transmissions within a slot.
Proposal 5. Not support PSCCH-only, PSSCH-only, PSCCH+PSFCH, PSSCH+PSFCH transmissions within a slot.
Proposal 6. If smaller number of PRBs is allocated for PSSCH, then TDM between PSCCH and PSSCH is allowed.
Proposal 7. If PSCCH spanning all the sidelink symbols of a slot is supported, then FDM between PSCCH and PSSCH is allowed. 
Proposal 8. FDM between PSFCH and PSCCH/PSSCH is not supported in Rel-16.
Proposal 9. Discuss further whether to support interleaved mapping for PSCCH or not.
Proposal 10. Discuss the subchannel size and granularity of PSCCH.
Proposal 11. Discuss further UE behaviour for possible multiple candidate PSCCH resources within a subchannel.
Proposal 12. The 1st SCI carries frequency-domain resource assignment for scheduling PSSCH, Time gap between initial transmission and retransmission, resource reservation, QoS indication (Priority), second SCI indication (or reserved bits).
Proposal 13. A UE assumes that SCI size in a resource pool is the same regardless of unicast, groupcast, and broadcast. 
Proposal 14. Rel-15 NR PDSCH design is the baseline for PSSCH.
Proposal 15. Type-2 DMRS for PDSCH is the baseline of PSSCH DMRS for frequency-domain pattern. 
Proposal 16. For both Mode1 and Mode 2, DMRS pattern in time domain is chosen by the transmitter UE if multiple time domain patterns of DMRS is configured in resource pool.
> If there is feedback information (SL HARQ ACK/NACK or SL CSI), the transmitter UE selects DMRS pattern in time domain by feedback information
> Otherwise, transmitter UE selects DMRS pattern in time domain within restricted set by transmitter UE’s speed.
Proposal 17. PTRS design  for CP-OFDM in Rel-15 NR Uu is the baseline for sidelink PTRS.
Proposal 18. (Pre-)configuration of one fixed or configurable PTRS parameters per a resource pool is supported.
    >The configurable PTRS parameters include at least PTRS time density and frequency density.
Proposal 19: Rel-16 NR V2X supports 256 QAM for PSSCH and single TB per PSSCH.
Proposal 20. Support single PSFCH format only based on PUCCH format 0.
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Appendix A. Evaluation results for PSSCH DMRS
Table 1 Evaluation assumptions
	Parameters
	Values

	Carrier frequency
	6 GHz

	Subcarrier spacing
	15 kHz and 30 kHz

	Relative UE speed
	60 km/h, 120 km/h, 240 km/h, and 500 km/h

	Carrier frequency offset
	0 ppm

	Channel estimation
	Non-ideal (with genie-aided Doppler knowledge)

	Waveform
	CP-OFDM

	Data allocation
	•    6 PRBs
•    First 1 OFDM symbol for AGC and last one symbol for switching time, and remaining 12 OFDM symbols for data channel

	DMRS pattern
	•     Uu data channel DMRS type1 and type2 (single-symbol DMRS, one CDM group)
•     DMRS positions defined for PDSCH were reused (Section 7.4.1.1.2 in TS 38.211). Time domain DMRS symbols are placed within 14 symbol slot as
· DMRS position is (2,11) for 2 time instance of DMRS
· DMRS position is (2, 7, 11) for 3 time instance of DMRS
· DMRS position is (2, 5, 8, 11)for 4 time instance of DMRS

	Modulation order, Coding rate
	QPSK code rate ½

	Channel coding scheme
	LDPC 

	Number of Tx antennas
	1

	Number of Rx antennas
	1 

	Channel model
	CDL-based V2V channels in TR 37.885 [5]



· 
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(a) SCS=15 kHz
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(b) SCS=30 kHz


Figure 5. Throughput performance for PSSCH at UE speed of 60 km/h
	[image: ]
(a) SCS=15 kHz
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(b) SCS=30 kHz


Figure 6. Throughput performance for PSSCH at UE speed of 120 km/h
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(a) SCS=15 kHz
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(b) SCS=30 kHz


Figure 7. Throughput performance for PSSCH at UE speed of 240 km/h
[image: ]
Figure 8. Throughput performance for PSSCH at UE speed of 500 km/h (SCS=30 kHz)
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