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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN1, significant progress was achieved on the sidelink design, notably on PSFCH. Two other topics, PSCCH design and DMRS, were extensively discussed, but no major decision was reached. In this contribution, we discuss these two aspects. More specifically, we analyze whether the PSCCH should use a single or two-stage design, and how to support multiple DMRS densities according to the radio conditions.

PSCCH design
PSCCH structure
During online and offline PSCCH sessions, most of the discussion was whether to support single-stage or two-stage DCI.  The following working assumption was proposed but while gathering significant support, could not be adopted at RAN1#97:
· Two-stage SCI is supported with the following details.
· Information related to channel sensing is carried on 1st-stage.
· 2nd-stage is decoded by using PSSCH DMRS.
· Polar coding used for PDCCH is applied to 2nd-stage
· Payload size for 1st-stage in two-stage SCI case is the same for unicast, groupcast, and broadcast in a resource pool.
· If there is no additional information required for the 2nd-stage, then the 2nd-stage is not necessarily transmitted.
· After decoding the 1st-stage, the receiver does not need to perform blind decoding of 2nd-stage.
Nevertheless, the following conclusion was drawn on two-stage PSCCH:
· If two-stage SCI is supported, the following details are used.
· Information related to channel sensing is carried on 1st-stage.
· 2nd-stage is decoded by using PSSCH DMRS.
· Polar coding used for PDCCH is applied to 2nd-stage
· Payload size for 1st-stage in two-stage SCI case is the same for unicast, groupcast, and broadcast in a resource pool.
· After decoding the 1st-stage, the receiver does not need to perform blind decoding of 2nd-stage. 
· FFS other details
A conceptual illustration of the two-stage SCI/PSCCH is shown in Figure 1. Note that since the PSSCH/PSCCH multiplexing options and the PSCCH structures are still under discussion, the figure is for illustrating purposes only.
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Figure 1. Illustration of a two-stage SCI/PSCCH from the perspective of the target UE

Two-stage SCI has significant benefits over a single stage design:
· Reduced complexity for sensing UEs: the sensing UEs only need to decode the first step to obtain the information to perform sensing, and do not need to decode the second step. The first step only needs to contain the resource allocation information needed for sensing UEs. All the information non relevant for sensing (e.g., HARQ information, MCS level, etc.) needs not to be in the first stage. In addition, the first stage PSCCH can be sent with fixed strong coding and no need for supporting multiple aggregation levels. The first stage can also have known scrambling. Thus, the operation of sensing UEs is simplified. The operation of the sensing UE is shown in Figure 2. Note that the first stage SCI is essentially the same as the LTE SCI, and the sensing UE behaviour can be similar, or at least based on the LTE sensing operation. Only the information specific to the UE receiving the packet, which is of no interest for the sensing UEs, is in the second stage.
· Elimination of the need to blindly decode several aggregation levels: the first stage SCI points to the resources used for the second stage (either implicitly or explicitly), and can indicate a size for the second stage so that the UE performing the second-stage detection does not need to perform hypothesis testing. Blind decoding can therefore be eliminated, even in the case where broadcast and unicast or groupcast have different DCI amounts of DCI information.
· Forward compatibility while maintaining easy sensing: the first stage SCI being of fixed size with known content can also be used for future releases without modification. New SCIs designed in future releases can contain the new fields in the second stage, thus providing an easy mechanism for forward compatibility. On the other hand, with a single-stage SCI, providing forward compatibility is more difficult since new DCIs would likely be of different sizes than the Rel-16 DCIs.
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Figure 2. Operation of a sensing UE with two-stage SCI
The main drawback of two-stage SCI is the use of two CRCs instead of one, thus resulting in a higher overall payload. However, the number of encoded bits with two stage SCI is likely to be lower than with single stage SCI since only the small first stage needs to be sent conservatively to reach all sensing UEs. As an example, assume that the information needed for sensing is sent with an aggregation level of 4, whereas the other information (the one that would be sent in the second stage) only needs aggregation level of 1. With single stage, the entire SCI has to be sent with aggregation level 4, whereas with two-stage, the first stage is sent with aggregation level 4, and the second stage with aggregation level 1. The additional CRC may be offset to some extent with the sharing of DMRS between the second stage DCI and PSSCH. Note also that with the two-stage SCI as proposed here, the first stage SCI is similar to an LTE format 1 SCI, and a lot of existing design for both the SCI and the overall LTE sensing procedure can be reused. Thus, we propose to agree on standardizing two-stage SCI:
Proposal 1:
· Two-stage SCI is supported with the following details.
· Information related to channel sensing is carried on 1st-stage.
· 2nd-stage is decoded by using PSSCH DMRS.
· Polar coding used for PDCCH is applied to 2nd-stage
· Payload size for 1st-stage in two-stage SCI case is the same for unicast, groupcast, and broadcast in a resource pool.
· After decoding the 1st-stage, the receiver does not need to perform blind decoding of 2nd-stage.
First stage SCI design
It is now easy to design the first stage SCI based on the requirements of proposal 1. An exact SCI format design cannot be fleshed out at this stage, but at least a high level description of the information can be provided.
Information related to channel sensing is carrier in the first stage. In order to perform sensing, the following is needed:
· Resource allocation: this could be e.g., the frequency resource information or a transmission pattern for the PSSCH. 
· Reservation indication: RAN1 agreed to support resource reservation. Depending on how the information is encoded, a reservation encoding field may be needed.
· Priority information: if pre-emption is supported at the PHY level, UEs sensing the carrier need to be aware of priority levels of other transmissions
In addition, the first stage needs to carry information to decode the second stage without performing blind decoding. Thus, the following information is needed:
· Second stage location: note that this could be explicit with e.g., a resource allocation field, or could be implicit, e.g., based on the location of the first SCI or PSSCH resource allocation. In order to reduce overhead, an implicit allocation is preferable. 
· Second stage payload: this indication is needed to support multiple SCI formats, and to provide forward compatibility. If more than one SCI is supported, in this release or in future releases, most likely, more than one SCI size will be defined. By knowing the TB size it can expect, there is no need for padding and to reserve bits for future releases.
· Coding rate for the second stage: this indication is needed to avoid the need to blindly figure out the aggregation level, and to support some form of link adaptation on the PSCCH in order to reduce control overhead.
Proposal 2: the first stage SCI carries the following information:
· Information required for sensing:
· Resource allocation (frequency resource allocation field or pattern)
· Reservation indication (potentially encoded with the resource allocation)
· Priority information (in order to support pre-emption)
· Information for decoding the second stage:
· Second stage location (may be implicit)
· Second stage payload size
· Second stage coding rate
Second stage design
It is early to design the second stage since a lot of the SCI content will be determined by RAN1 design decisions that have not yet been made. Thus, we propose that RAN1 decides on the exact SCI content and format at the end of the WI. However, based on decisions taken so far, the following information needs to be included in the SCI for unicast and possibly groupcast:
· MCS
· HARQ information (NDI, RV)
· Layer-1 ID(s)
· CSI-RS/CSI reporting information
Proposal 3: 
· The second-stage SCI format(s) is (are) to be defined at the end of the WI
· The second stage SCI for unicast contains at least the following: MCS, HARQ information, L1 ID(s), CSI-RS/ CSI reporting information
DMRS design
In this section, we discuss which DMRS pattern(s) should be supported, both in frequency and time.
Frequency pattern
At RAN1#97, the following working assumption was taken:
· 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

The two DMRS types are shown in Figure 2.
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Figure 3. DMRS types
For Uu, both DMRS types are supported. Based on the RAN decision for reusing LTE or NR design, it is unclear why one type should be excluded. Type-1 DMRS is useful because it is dense in frequency, thus enables robust channel estimation. Type-2 DMRS is less dense in frequency, thus reduces RS overhead. Given that for vehicular communications, in some scenarios (e.g., highway), there is limited frequency selectivity, the use of type-2 DMRS is beneficial. Thus, we propose to confirm the working assumption without exclusion on which type is supported.
Proposal 4: Confirm the WA of RAN1#97:
· Rel-15 PDSCH DMRS Configuration type 1 and/or type 2 are reused for frequency-domain pattern of PSSCH DMRS.
Time pattern
At RAN1#97, the following proposal was discussed:
· For a given SCS, multiple PSSCH DMRS patterns in time domain per a resource pool for unicast, groupcast, and broadcast, respectively, are supported.
However, no agreement was reached.
From our perspective, several companies have shown the benefits of adaptive patterns in time (e.g., R1-1906009). In essence, without adaptive patterns, the DMRS pattern needs to be chosen for the worst possible conditions (high Doppler conditions), even if the UE is stationary. Consequently, adapting the DMRS pattern to at least speed is beneficial, and provides significant overhead savings. However, having the option of selecting DMRS patterns increases the UE complexity, requires the DMRS pattern to be signaled (e.g., in the SCI), and may cause errors, if for instance the RX UE assumes the wrong DMRS pattern. A simple solution is to have a single DMRS pattern per resource pool, with the DMRS in the resource pool configuration. If multiple resource pools are configured with various DMRS configurations, the UE can perform time-domain DMRS adaptation simply by selecting/switching between resource pools.
On another aspect, DMRS on the Uu link can be front-loaded or non-front-loaded. Front-loaded DMRS may cause a slight performance degradation in some scenarios, but enables early decoding. In addition, for two-stage SCI, if supported, the PSSCH DMRS is used for second stage decoding. Thus, it is beneficial to support front loaded DMRS, since the PSCCH is at the beginning of the slot. 
Proposal 5:
· Multiple DMRS patterns in time domain are supported
· Front loaded DMRS is supported
· There is one DMRS pattern per resource pool
[bookmark: _Ref129681832]Conclusions
In this contribution, we discussed the PSCCH structure, and the DMRS patterns for PSSCH. We propose the following:
Proposal 1:
· Two-stage SCI is supported with the following details.
· Information related to channel sensing is carried on 1st-stage.
· [bookmark: _GoBack]2nd-stage is decoded by using PSSCH DMRS.
· Polar coding used for PDCCH is applied to 2nd-stage
· Payload size for 1st-stage in two-stage SCI case is the same for unicast, groupcast, and broadcast in a resource pool.
· After decoding the 1st-stage, the receiver does not need to perform blind decoding of 2nd-stage.
Proposal 2: the first stage SCI carries the following information:
· Information required for sensing:
· Resource allocation (frequency resource allocation field or pattern)
· Reservation indication (potentially encoded with the resource allocation)
· Priority information (in order to support pre-emption)
· Information for decoding the second stage:
· Second stage location (may be implicit)
· Second stage payload size
· Second stage coding rate
Proposal 3: 
· The second-stage SCI format(s) is (are) to be defined at the end of the WI
· The second stage SCI contains at least the following: MCS, HARQ information, L1 ID(s), CSI-RS/ CSI reporting information
Proposal 4: Confirm the WA of RAN1#97:
· Rel-15 PDSCH DMRS Configuration type 1 and/or type 2 are reused for frequency-domain pattern of PSSCH DMRS.
Proposal 5:
· Multiple DMRS patterns in time domain are supported
· Front loaded DMRS is supported
· There is one DMRS pattern per resource pool
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