


3GPP TSG RAN WG1 #97		R1-1906457
Reno, USA, 13th – 17th May, 2019
Title: 	NR sidelink physical layer structure
Source: 	ZTE, Sanechips
Agenda item:	7.2.4.1
Document for:	Discussion and decision
Introduction
According to NR V2X WID [1], to support NR sidelink communication, the details of physical layer structure should be discussed, including sidelink signals, channels, bandwidth part and resource pools, etc. 
In RAN 1 #96bis meeting, some further agreements based on SI description are achieved as follow [2]:
· Polar code adopted for Rel-15 NR DCI is applied to PSCCH.
· LDPC codes used for Rel-15 NR DL-SCH is applied to a transport block delivered by PSSCH.
· QPSK is used for PSCCH.
· The starting symbol and the number of symbols for a PSCCH are assumed to be known to the receiving UE before decoding the PSCCH.
· At least for transmission perspective of a UE in a carrier, at least TDM between PSCCH/PSSCH and PSFCH is allowed for a PSFCH format for sidelink in a slot.
· FFS the details of the corresponding PSFCH format
· FFS whether it is also applicable from system/resource pool perspective or not
· i.e., in this case, there is no simultaneous transmission of PSCCH and PSFCH and there is no simultaneous transmission of PSSCH and PSFCH.
· FFS FDM between PSCCH/PSSCH and a PSFCH format which uses last symbol(s) available for sidelink in a slot 
· FFS TDM/FDM between PSCCH/PSSCH and other PSFCH format(s), if supported, which is/are different from the PSFCH format which uses last symbol(s) available for sidelink in a slot
· It is supported, in a resource pool, that within the slots associated with the resource pool, PSFCH resources can be (pre)configured periodically with a period of N slot(s)
· N is configurable, with the following values
· 1
· At least one more value >1
· FFS details
· The configuration should also include the possibility of no resource for PSFCH. In this case, HARQ feedback for all transmissions in the resource pool is disabled
· HARQ feedback for transmissions in a resource pool can only be sent on PSFCH in the same resource pool
Besides above FFS items, several other issues should be discussed and determined for sidelink physical structure, including SL BWP, details of sidelink channels and resource pool configuration. In this contribution, further analyses and proposals are presented.
Discussions 
SL BWP
For NR sidelink communication, SL BWP is (pre-)configured per carrier. For in-coverage sidelink UE, UL BWP and SL BWP are separately configured while the numerologies of SL and active UL BWP should be the same.  
As listed in Table 1 [3], a couple of slots may be consumed as interruption time when UE switches from one active BWP to another if any of BWP configuration such as bandwidth, RB location and etc. is different between the two BWPs. Such interruption time, if existing, should be reserved between Uu uplink transmission and sidelink transmission/reception. 
[bookmark: _Ref7092991]Table 1  interruption length X [3]
	µ
	NR Slot length (ms)
	Interruption length X (slotsnote 1)

	
	
	

	0
	1
	1

	1
	0.5
	1

	2
	0.25
	3

	3
	0.125
	5

	Note1:	If the BWP switch involves changing of SCS, the interruption due to BWP switch is determined by the larger one between the SCS before BWP switch and the SCS after the BWP switch. 


[bookmark: _Toc7752381]Even with the same SCS in SL BWP and active Uu UL BWP, the switching interval between SL BWP and active Uu BWP can be too large to be ignored. 
As in-coverage sidelink UE may switch between the UL transmission and sidelink transmission/reception frequently, the related switching interval may cause inevitable resource waste and increase the scheduling complexity. In order to avoid restrictions and resource waste switching between Uu and SL, it is proposed to configure same location and bandwidth of SL BWP and UL BWP for a UE.
[bookmark: _Ref2712][bookmark: _Toc7752384]From UE’s perspective, the same location and bandwidth should be configured for SL BWP and Uu UL BWP.
[bookmark: _Ref9378]Resource pool structure  
Symbol type for sidelink 
NR defines D/F/U symbols types, where F refers to flexible symbol that can be redefined for use as DL or UL. Similar to LTE sidelink, NR V2X should not utilize the DL symbols in case the sidelink shares resources with Uu link, because doing such can inevitably generate the cross-link interference. In order to reuse LTE sidelink design logic as much as possible, NR should at least follow the way how LTE sidelink utilize Uu link resource, i.e., to assume the UL resources (symbols) are available to sidelink. The remaining question is whether the NR flexible symbol should also be available to sidelink. With the following reasoning, 
· The reserved resource on Uu link, which can be naturally used by wireless links, comes in terms of flexible symbols. 
· The set of {U, F} symbols gives sidelink the higher resource utilization and higher flexibility, comparing to set of “U” symbols only.
· Using {U} symbols for sidelink can be treated as a special case of using {U, F} symbols. Whether to include “F” symbols in scheduling may depend on whether the resource scheduler is sure about the usage privilege of symbol “F” (e.g., not to be used by Uu link). Such privilege knowledge can be indicated to resource scheduler, e.g., by gNB configuration.
We propose that:
[bookmark: _Ref2116][bookmark: _Toc7752385]The time resources for NR sidelink can be configured from both UL (U) symbols and flexible (F) symbols.
Subset of symbols in a slot  
According to [4], all the symbols in a slot are available for SL and only a subset of consecutive symbols in a slot are available for SL. The subset of symbols are not dynamically indicated, i.e. it should be indicated as part of resource pool (pre-)configuration. While a subset consecutive symbols are assigned for SL, the available number of symbols in the subset and symbol position within a slot should be discussed.
There are three location options of the sidelink symbol subset within a slot, as shown in Figure 1:   
· Option 1: sidelink symbols locate from the first symbol (symbol #0) in a slot;
· Option 2: sidelink symbols locate from symbol #S within a slot,  S = {0,...,13}, S is configurable;
· Option 3: sidelink symbols locate to the end of a slot, i.e. the last sidelink symbol should be symbol #13;
[image: symbol subset]
[bookmark: _Ref7369]Figure 1 Sidelink subset symbols location with a slot
Option 1 sets a fixed starting symbol (i.e., the 1st symbol per slot) of sidelink resource. It means that a slot with the beginning symbols indicated as “D” on NR Uu cannot be used for sidelink even when it contains “F” or “U” symbols on the remaining symbols.  Obviously, it restricts the resource availability to sidelink.
Option 2 provides more flexibility on sidelink resource allocation which can indicate arbitrary symbols within a slot for sidelink resource.  Higher flexibility requires more complexity of resource management and scheduling and whether it is in need for sidelink resource allocation should be discussed further.
Option 3 presents as an opposite scheme of option 1 while it locates the available sidelink symbols at the end of a slot. For the case that “F” or “U” symbols are configured at the end of a slot, sidelink resource can be multiplexed in this slot since “F” or “U” symbols can be used for sidelink.  As the last symbol of available sidelink resource should align with the end of a slot, only the number of the subset of symbols for sidelink needs to be indicated and it costs less indication overhead. 
Among the above options, option 2 and option 3 have no influence on sidelink and NR Uu resource multiplexing while option 1 cannot be used for the slot contains “D” symbols at the beginning of a slot, so we propose: 
[bookmark: _Ref2234][bookmark: _Ref30235][bookmark: _Toc7752386]For the resource multiplexing between NR Uu and sidelink within a slot, the subset of symbols for sidelink should not be assumed starting from the first symbol in a slot.  
Frequency domain continuity
In SI stage, it is agreed to down select following two options for the frequency domain resources of a resource pool for PSSCH, 
· Option 1: The resource pool always consists of contiguous PRBs
· Option 2: The resource pool can consist of non-contiguous PRBs
As sub-channel based frequency resource allocation for PSSCH is supported, it is quite natural to divide the contiguous PRBs contained in sidelink resource pool with option 1 into multiple sub-channels.  Based on the contiguous PRBs, it is also easy to determine the sub-channel indices which can be used as frequency resource indicator in SCI/DCI.
With option 2, logical contiguous RBs and sub-channel indices should be introduced in order to hide away the physically non-contiguous PRBs.  More standard efforts are expected for option 2 but with no significant advantages. 
[bookmark: _Ref2322][bookmark: _Toc7752387]The frequency domain resources of a resource pool always consist of contiguous PRBs.
In legacy sidelink, a sub-channel size is configured per resource pool, i.e., all the sub-channels have the same number of RBs in frequency domain. When UE requires more resources for a larger data packet, several consecutive sub-channels should be used to carry the data.  This scheme provides sufficient flexibility for different sizes of data packets, and it is easy to understand the sub-channel division in a resource pool. The same configuration of sub-channel for a resource pool should be reused for NR sidelink.
[bookmark: _Ref2358][bookmark: _Toc7752388]Within a resource pool, all sub-channels have the same size (in terms of number of RBs). The sub-channel size should be (pre-)configured.  
Slot aggregation
For NR sidelink, several different numerologies are supported and larger sub-carrier spacing, such as 120kHz, leads to shorter symbol length. Because AGC training time and GP for Tx/Rx switching may cost one or more symbols, especially for larger SCS, it is proposed to support slot aggregation for sidelink transmission. In details, it means using more than one slots as a PSCCH/PSSCH resource in time domain.
From system perspective, it needs to clarify whether UEs have common understanding of the slot aggregation for PSCCH/PSSCH in the sidelink resource pool.  For instance, as shown in Figure 2, when slot aggregation is performed as UE specific behavior, UE A using slot #n for its PSCCH/PSSCH while UE B using slot #n and #n+1 as one PSCCH/PSSCH resource, the different understanding of the slot structure may cause different operation on the last symbol of slot #n, i.e. UE A reserves the last symbol as GP while UE B sends data on the same symbol.  Then, it causes confusion for a receiving UE that the last symbol in slot #n should be noted as GP or not.  Further, receiving UE may suffer a power leaping on the symbol and be influenced to receive PSSCH on the aggregated slots.
In order to avoid the confusion above, it is preferred to make sure that all UEs have the same understanding about the sidelink resource structure in a resource pool, including the slot aggregation level and relevant GP location, etc.  In other words, the slot aggregation for PSCCH/PSSCH should be (pre-)configured per sidelink resource pool.
[image: slot aggregation]
[bookmark: _Ref2496]Figure 2 UE specific slot aggregation 
[bookmark: _Toc7752382]UEs should have common understanding of slot aggregation for PSCCH/PSSCH resources in a sidelink resource pool.
[bookmark: _Toc7752389]Slot aggregation for PSCCH/PSSCH should be (pre-)configured per resource pool.
SL channel structure
PSCCH
It is agreed in RAN 1 #96bis meeting that the starting symbol and the number of symbols for a PSCCH are assumed to be known to the receiving UE before decoding the PSCCH.  In other words, a PSCCH resource should be located on some certain resource in time and frequency domain with a known channel unit. 
Firstly, considering the channel unit of a PSCCH resource, there are two options on defining resource unit for PSCCH: 
· Option 1:  Fixed resource unit of a PSCCH channel, i.e., one PSCCH channel contains l0 symbols and k0 RBs, where l0 and k0 are fixed numbers. 
· Option 2:  A few potential values of the resource unit of a PSCCH channel, such as multiple combinations of [l, k], each of which is specific to sidelink parameters, e.g., SCS. 
Obviously, option 1 is a simple way to provide a common processing for SCI detection for all cases. It is independent from the configuration of SCS, resource pool and the mode of multiplexing between PSCCH and PSSCH.  Despite the actual time length and frequency range of a PSCCH resource unit are various according to different SCS, the number of symbols and the number of RBs of a PSCCH resource are fixed values. Furthermore, based on [l0, k0] unit of each PSCCH channel, all the PSCCH resources can be easily divided and allocated within a resource pool.  Another issue needs to be considered for option 1 is the AGC timing which may be different in different frequency ranges.  While the accurate AGC timing is still under RAN4 study, the value of l0 and k0 of a PSCCH channel unit can be defined separately for FR1 and FR2 taking into account the AGC issue.
Option 2 offers more flexibility given the PSCCH channel resource unit can be variable according to several factors.  For instance, the channel unit size of a PSCCH can be adapted to SCS, resource pool and number of symbols assigned to sidelink within a slot, and etc.  Despite of the flexibility, option 2 introduces more complexity to PSCCH relevant scheme design and SCI detection process because more than one format of a PSCCH resource unit may be used on sidelink.  
[bookmark: _Ref2446][bookmark: _Toc7752390]One PSCCH resource unit is defined as a block of time-frequency resources across l0 symbols and k0 RBs, where both l0 and k0 are fixed numbers defined separately for FR1 and FR2.
Secondly, with a fixed PSCCH channel unit size, the starting symbol and RB for a PSCCH resource should be defined, an example of PSCCH resource location within a slot is shown in Figure 3.
[bookmark: _Toc29128][image: option 3 ]
[bookmark: _Ref30164]Figure 3 PSCCH resources location within a slot
In time domain, among the assigned symbols for sidelink in a slot, whether the first available symbol should be used to map SCI/data is mainly depending on AGC time.  The AGC training time in unit of symbols varies among different frequency bands, hardware implementations and different SCS configurations.  If dedicated AGC symbol(s) needs to be standardized on sidelink, it may introduce unnecessary symbol overhead and extra standard discussion as well.  Therefore, no explicit AGC symbol should be reserved on sidelink.  Consequently a reasonable position of starting symbol of PSCCH is the first symbol assigned for sidelink within a slot.  
[bookmark: _Toc7752391]In time domain, a PSCCH resource starts from the first sidelink symbol within a slot. 
In frequency domain, as sub-channel based PSSCH resource scheme is used and each sub-channel may be used as a PSSCH resource, it is nature to locate a PSCCH resource for a sub-channel.
Similar to LTE sidelink, we propose to locate a PSCCH resource starting RB on the lowest RB in a sub-channel.  It means a PSCCH resource and relevant PSSCH resource have the same starting RB which benefits the frequency resource indication of PSSCH in SCI, i.e. only a number of sub-channels used for PSSCH needs to be indicated.  
[bookmark: _Toc7752392]In frequency domain, a PSCCH resource starts from the lowest RB within a sub-channel. 
PSFCH
It is agreed that the HARQ feedback of related PSSCH transmission should be signaled on a PSFCH resource with a time interval which is (pre-)configured, and then no time domain indication for the PSFCH is needed.  
As the HARQ feedback on PSFCH is for the PSSCH several slots before, it means within a slot, the transmitting UE of PSCCH/PSSCH and the transmitting UE of PSFCH may be different.  On one hand, for the UE which needs to feedback on a slot, it cannot receive PSCCH/PSSCH on the same slot if FDM structure is used for PSCCH/PSSCH and PSFCH within a slot, i.e., FDM of PSCCH/PSSCH and PSFCH may deteriorate the half-duplexing issue.  On the other hand, from the perspective of feedback information bearing, short term feedback format with a few number of symbol(s) is enough to carry A/N information while more bits feedback such as CSI report can be multiplexed in PSSCH.  Therefore the resources of PSCCH/PSSCH and PSFCH should be TDM. 
[bookmark: _Toc7752393]PSFCH resources should TDM with PSCCH/PSSCH resources within one slot.
The TDM structure of PSCCH/PSSCH and PSFCH requires a GP between PSSCH and PSFCH resources within a slot, which allows UE receiving PSCCH/PSSCH first and then transmitting the feedback on PSFCH as shown in Figure 4. Besides, for a UE transmitting PSCCH/PSSCH and A/N feedback in a same slot, the GP between PSSCH and PSFCH can also be used for its power modification according to the clarification given in [5].  It requires a transient period when UE transmits on different size of RBs on consecutive symbols.  As the GP allows UE to reset its power on PSFCH symbol(s), it is reasonable to support UE transmitting PSCCH/PSSCH and PSFCH within a same slot.
[image: PSFCH]
[bookmark: _Ref15563]Figure 4 TDM structure of PSCCH/PSSCH and PSFCH
[bookmark: _Toc7752394]A GP should be allocated between PSSCH and PSFCH resources within one slot.
[bookmark: _Toc7752395]The UE is allowed to transmit both PSCCH/PSSCH and PSFCH within one slot.
In frequency domain, as sub-channel is used as PSSCH resource unit and each sub-channel may carry a data packet transmission, a nature scheme is to assign PSFCH resources depending on the sub-channels of PSSCH.  
[bookmark: _Ref26051]As a whole, from the perspective of sidelink resource pool, PSFCH resources should locate on last symbol(s) within a slot in time domain and within the sub-channels of associated PSSCH in frequency domain.  Meanwhile, considering a few bits of A/N may be carried on a PSFCH resource, a common PSFCH channel unit, i.e. same number of symbols and RBs of every PFSCH resources, is sufficient and benefits feedback information detection.  
[bookmark: _Toc7752396]In a sidelink resource pool, PFSCH resources should be (pre-)configured with a fix-size channel unit, i.e. one PSFCH resource contains fixed numbers of symbols and RBs. 
During the discussion in sidelink feedback procedure in RAN 1 #96bis meeting, it is agreed to assign PSFCH with a period of N slot(s) in a sidelink resource pool, N can be configured as N =1 or other values.  
· Case 1:  N = 1
When N = 1, it means PSFCH should be allocated in every slot included in sidelink resource pool.  It is easy to define a one-to-one mapping relation according to the configured slot interval between PSSCH and PSFCH resources.  
Another issue needs to be noted is that, while slots in sidelink resource pool are not consecutive, the actual slot interval may vary depending on the configuration of sidelink resource pool.  To avoid mapping confusion, the slot interval “k” between PSSCH and corresponding PSFCH should be defined in logical slots array which are contained in sidelink resource pool, as shown in Figure 5.
[image: N = 1 PSFCH - 副本]
[bookmark: _Ref17660]Figure 5 N = 1 for PSFCH resource allocation
[bookmark: _Toc7752397]The slot interval between PSSCH and related PSFCH resources is k, where k is a logical slot interval arranged within sidelink resource pool.
· Case 2:  N > 1
For the case of N > 1, PSFCH resources are allocated in one slot per N slots, i.e. there are some slots do not contain PSFCH resources in sidelink resource pool.  While PSCCH/PSSCH is transmitted in every sidelink slot, it leads to N-to-one mapping relationship between PSSCH and corresponding PFSCH resources in time domain which introduce extra latency and more complexity.  Obviously, it cannot reuse the same scheme of the case with N = 1, i.e. additional design and standard discussion are needed to support the case of N > 1.
There is an exceptional scenario for N > 1 which can maintain the one-to-one mapping rule for PSSCH and PSFCH.  It is for the scenario that slots aggregation is configured for PSSCH, i.e. each M slots are bundled as one PSSCH resource to carry sidelink data.  With an assumption that N = M, PSSCH resources and relevant PSFCH resources still keep one-to-one mapping in time domain and the same scheme of the case with N = 1 can be reused without extra modification. An example is shown in Figure 6 with N = M = 2.
[image: N 大于 1 PSFCH]
[bookmark: _Ref1559]Figure 6 N = 2 for PSFCH resource allocation
[bookmark: _Toc7752398]PSFCH allocation period N > 1 is supported only together with slot aggregation, where N equals to the slot aggregation size.
PSSCH 
Similar to PSCCH, AGC training time should be included in the symbols for data transmitting and no dedicated symbol is needed, i.e., PSSCH resources starts from the first sidelink symbol in a slot.
[bookmark: _Toc7752399]In time domain, a PSSCH resource starts from the first sidelink symbol within a slot. 
On sidelink, between every PSCCH/PSSCH transmission occasion, AGC training and potential switching between transmitting and receiving cause certain resource overhead in time domain.  In other words, the smaller a PSCCH/PSSCH resource unit defined in time domain, the more resources consumed for AGC and switching GP.  Therefore, slot level resource (including the case that subset of symbols assigned for sidelink in one slot) should be considered as the minimum time domain unit for PSCCH/PSSCH resources allocation, i.e. more than one PSSCH resource TDM within one slot should not be supported.
[bookmark: _Toc7752400]Within a resource pool, do not support time multiplex of more than one PSSCH resources within one slot. 
[bookmark: _Toc939][bookmark: _Toc6764][bookmark: _Toc24792]DMRS 
DMRS for PSCCH
In order to simplify the blind detecting of PSCCH, the DMRS of PSCCH should be known to receiving UEs. Based on a fixed PSCCH resource unit, a fixed DMRS pattern for PSCCH can be defined, including the number and position of DMRS REs within a PSCCH resource unit. Further details of PSCCH DMRS should be determined when RAN1 progresses on the PSCCH resource scheme.
[bookmark: _Toc7752401]Fixed DMRS pattern should be defined within PSCCH resource unit.
DMRS for PSSCH
On NR Uu, different DMRS patterns can be configured by gNB to be adaptive to several factors, including UE speed, latency requirement, MIMO scheme and etc. The full flexible DRMS patterns may not be necessary for sidelink communication, especially for sidelink broadcast.  Therefore the NR Uu DMRS patterns should be down selected for the sidelink DMRS. From the perspective of UE implementation, reusing NR PUSCH DMRS scheme should be considered as starting point for PSSCH DMRS design. 
For PSSCH DMRS, the following issues should be considered: 
· In time domain 
· whether additional DMRS symbol is needed,  and if yes the available number of additional symbols;
· whether double-symbol DMRS should be supported.
· In frequency domain
· whether both configuration type 1 and type 2 of DMRS should be supported.
At least for sidelink broadcast communication, the relative speed between Tx UE and multiple Rx UEs may be high.  Therefore, the additional DMRS should be used to provide extra channel estimate benefit.  The available number of additional DMRS should be configured or determined according to the symbols configured for sidelink within a slot.
Since the double-symbol DRMS and configuration type 2 mainly aim to MIMO usage, they are less essential on sidelink data transmission. 
[bookmark: _Ref2613][bookmark: _Toc7752402]For PSSCH, additional DMRS should be used at least for broadcast communication.
[bookmark: _Ref2642][bookmark: _Toc7752403]For PSSCH, double-symbol DMRS is not supported.
[bookmark: _Ref2648][bookmark: _Toc7752404]For PSSCH, configuration type 2 of DMRS is not supported.
As different SCS may require different DMRS density in time domain, i.e. number and the position of DMRS symbols within a slot, SCS assigned for SL BWP should be considered for DMRS pattern configuration. Further, because different services or scenarios may require different performances, a couple of DMRS patterns may be defined for a single SCS on sidelink.
Another issue in the sidelink DMRS pattern discussion is the relative speed between transmitting UE and receiving UE.  The relative speed between UEs sharing the same resource pool can be various, from high to low. For example, the relative speed of the high-speed moving UEs in platooning scenario can be low. However, a dense DMRS pattern should be sufficient for both high and low relative speeds. In a word, a single DMRS pattern per resource pool can satisfy the sidelink requirements and meanwhile avoid extra sidelink design complexity. Therefore, among the several available DRMS patterns, one DMRS pattern should be (pre-)configured for a resource pool.
[bookmark: _Ref2678][bookmark: _Toc7752405]Multiple candidate DMRS patterns can be defined per SCS on sidelink, among which one single DMRS pattern should be configured/pre-configured per resource pool.
Two-stage SCI structure
According to the simulation assumption agreement of SCI sizes as 60/90/120 bits (including 24 bits CRC), we analyze and evaluate the following schemes of SCI formats:
· Case 1:  Single-stage SCI scheme.
· For two-stage SCI scheme, extra 24 bits CRC is added for stage-2 SCI, and the effective indication bits used in case 1 are divided into stage-1 and stage-2 by a 2:1 ratio, further,
·  Case 2:  another 2 bits are added in stage-1 SCI to indicate the somehow fixed stage-2 SCI format;
·  Case 3:  another 20 bits are added in stage-1 SCI to indicate the flexible stage-2 SCI resource/format.

Table 2 Payload sizes (including CRC) for SCI evaluation
	Case 1 (single-stage)
	Case 2 (two-stage w/ 2bits to indicate 2nd stage)
	Case 3 (two-stage w/ 20bits to indicate 2nd stage)

	60 bits
	1st stage: 50 bits
2nd stage: 36 bits
	1st stage: 68 bits
2nd stage: 36 bits

	90 bits
	1st stage: 70 bits
2nd stage: 46 bits
	1st stage: 88 bits
2nd stage: 46 bits

	120 bits
	1st stage: 90 bits
2nd stage: 56 bits
	1st stage: 108 bits
2nd stage: 56 bits



In the evaluation, for a given SCI payload target (i.e., 60, 90, 120), the total SCI resources used in each of three cases are the same. Meanwhile, the different SCI payload targets correspond to different number of consumed RBs. The simulation results are shown in Figure 7, Figure 8 and Figure 9.
[image: ]
[bookmark: _Ref29740]Figure 7 SCI performances for payload size of 60 bits
[image: ]
[bookmark: _Ref29747]Figure 8 SCI performances for payload size of 90 bits
[image: ]
[bookmark: _Ref29750]Figure 9 SCI performances for payload size of 120 bits

[bookmark: _Toc8582][bookmark: _Toc18214][bookmark: _Toc15096][bookmark: _Toc32198][bookmark: _Toc30621][bookmark: _Toc7752383]Single-stage SCI provides better performance than two-stage SCI scheme.
Conclusion
This paper discusses physical layer structures of sidelink, presented with the following observations and proposals:
Observation 1:	Even with the same SCS in SL BWP and active Uu UL BWP, the switching interval between SL BWP and active Uu BWP can be too large to be ignored.
Observation 2:	UEs should have common understanding of slot aggregation for PSCCH/PSSCH resources in a sidelink resource pool.
Observation 3:	Single-stage SCI provides better performance than two-stage SCI scheme.

Proposal 1:	From UE’s perspective, the same location and bandwidth should be configured for SL BWP and Uu UL BWP.
Proposal 2:	The time resources for NR sidelink can be configured from both UL (U) symbols and flexible (F) symbols.
Proposal 3:	For the resource multiplexing between NR Uu and sidelink within a slot, the subset of symbols for sidelink should not be assumed starting from the first symbol in a slot.
Proposal 4:	The frequency domain resources of a resource pool always consist of contiguous PRBs.
Proposal 5:	Within a resource pool, all sub-channels have the same size (in terms of number of RBs). The sub-channel size should be (pre-)configured.
Proposal 6:	Slot aggregation for PSCCH/PSSCH should be (pre-)configured per resource pool.
Proposal 7:	One PSCCH resource unit is defined as a block of time-frequency resources across l0 symbols and k0 RBs, where both l0 and k0 are fixed numbers defined separately for FR1 and FR2.
Proposal 8:	In time domain, a PSCCH resource starts from the first sidelink symbol within a slot.
Proposal 9:	In frequency domain, a PSCCH resource starts from the lowest RB within a sub-channel.
Proposal 10:	PSFCH resources should TDM with PSCCH/PSSCH resources within one slot.
Proposal 11:	A GP should be allocated between PSSCH and PSFCH resources within one slot.
Proposal 12:	The UE is allowed to transmit both PSCCH/PSSCH and PSFCH within one slot.
Proposal 13:	In a sidelink resource pool, PFSCH resources should be (pre-)configured with a fix-size channel unit, i.e. one PSFCH resource contains fixed numbers of symbols and RBs.
Proposal 14:	The slot interval between PSSCH and related PSFCH resources is k, where k is a logical slot interval arranged within sidelink resource pool.
Proposal 15:	PSFCH allocation period N > 1 is supported only together with slot aggregation, where N equals to the slot aggregation size.
Proposal 16:	In time domain, a PSSCH resource starts from the first sidelink symbol within a slot.
Proposal 17:	Within a resource pool, do not support time multiplex of more than one PSSCH resources within one slot.
Proposal 18:	Fixed DMRS pattern should be defined within PSCCH resource unit.
Proposal 19:	For PSSCH, additional DMRS should be used at least for broadcast communication.
Proposal 20:	For PSSCH, double-symbol DMRS is not supported.
Proposal 21:	For PSSCH, configuration type 2 of DMRS is not supported.
Proposal 22:	Multiple candidate DMRS patterns can be defined per SCS on sidelink, among which one single DMRS pattern should be configured/pre-configured per resource pool.
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Appendix
System level simulation assumption
	Parameter
	Value

	Carrier frequency
	6GHz

	Sub-carrier spacing
	6 GHz: 30 kHz 

	System bandwidth
	20 MHz

	Channel model
	TR 37.885 CDL model for Urban NLOS V2X channel

	Vehicle speed
	240 km/h

	Antenna configuration
	2 Tx 2 Rx, dual-polarized antenna

	Modulation order
	QPSK

	Code
	Polar encoder, 24 CRC bits 

	Payload bits for Case 1
( including CRC)
	60,90,120

	Resource for Case 1
	60 payload bits : 10 PRB, 4 OFDM symbols
90 payload bits : 15 PRB, 4 OFDM symbols
120 payload bits : 20 PRB, 4 OFDM symbols

	DMRS overhead 
	1/4 overhead, same DMRS positions in all PSCCH symbols 

	Channel estimation
	MMSE
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