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[bookmark: _Ref466049030]Introduction
[bookmark: _Ref458784108][bookmark: _Ref458381469]In this paper, we discuss the left miscellaneous issues related to NR SL lower layer procedures, in particular:
· Communication range
· SL CSI report
· Cell reselection
[bookmark: _Ref489281230]Discussion
[bookmark: _Hlk16259064]Communication range
In the latest TS 23.287, the delivery of communication range is defined as following:
	TS 23.287 - 5.4.1.1:
When groupcast or unicast mode of V2X communication over NR based PC5 is used, a Range parameter is associated with the QoS parameters for the V2X communication. The Range may be provided by V2X application layer or use a default value mapped from the service type based on configuration as defined in clause 5.1.2.1. The Range indicates the minimum distance that the QoS parameters need to be fulfilled. The Range parameter is passed to AS layer together with the QoS parameters for dynamic control.
[bookmark: _Toc13683861][bookmark: _Toc9925108]TS 23.287 - 5.4.2.4:
The Range value indicates the applicability of the PC5 QoS parameters in PC5 communication, i.e. when the receiving UEs are not within the Range specified distance from the transmitting UE, the communication is best effort. Lower layer (PHY/MAC layer) may use the Range to determine the corresponding packet handling, e.g. HARQ as defined in TS 38.300, to achieve the QoS guarantee indicated by PC5 QoS parameters. 
Range is in the unit of meters. The UE is configured with the maximum Range value it can use for a particular V2X service. A V2X service may request a different range value, and the V2X layer ensures that it does not exceed the maximum Range value. 
Range is only used for groupcast communication over PC5 reference point. 



In order to check whether the PC5 QoS Range parameter can be met, the TX UE and the RX UE must know each other’s location at access stratum for accurately measuring the communication distance between them.
Besides, it has been agreed that communication range can be used to facilitate HARQ procedure in SL groupcast, i.e. RX UEs who fail to receive the packet will send a NACK to the TX UE. The following relevant agreements are made in the recent RAN1 and RAN2 meetings.
	RAN1#97
Agreements:
· For at least option 1 based TX-RX distance-based HARQ feedback for groupcast,
· A UE transmits HARQ feedback for the PSSCH if TX-RX distance is smaller or equal to the communication range requirement. Otherwise, the UE does not transmit HARQ feedback for the PSSCH
· TX UE’s location is indicated by SCI associated with the PSSCH.
· Details FFS 
· The TX-RX distance is estimated by RX UE based on its own location and TX UE location.
· The used communication range requirement for a PSSCH is known after decoding SCI associated with the PSSCH
· FFS implicit or explicit
· FFS how to define location

RAN2#105
Agreements
3: Any UEs configured to receive a group destination Layer 2 ID shall be allowed to receive the groupcast transmission, in regardless of whether it is within or out of the “minimum communication range”.



In our view, the actual communication range between the transmitter (TX) UE and the receiver (RX) UE can be either roughly estimated or accurately measured. 
It is possible to roughly estimate the distance between the TX UE and RX UE
· Based on received signal power, e.g. lower received power indicates larger distance
· Based on zone ID information shared between TX UE and RX UE 
Both approaches, i.e. received signal power based and zone ID based, provide reasonable distance estimation while sharing zone IDs between TX UE and RX UE would require extra signalling/overhead. 
On the other hand, accurate measurements also have the signalling overhead of requiring TX UE and RX UE to frequently exchange their GPS locations, either by adding it to SCI/data packet. Alternatively, a combination of infrequent, periodic PC5-RRC messaging containing GPS location can be used together with L1 SCI information containing relative movement updates (based on original GPS location). Each UE should store a mapping between other UE’s L1 source IDs and their respective locations. In this way, after decoding SCI which contains TX UE’s L1 source ID, the RX UE will know how to correctly connect the previously stored location information to the TX UE and then calculate TX-RX distance.
[bookmark: _Ref976944][bookmark: _Ref4229626][bookmark: _Toc7726504][bookmark: _Toc16527121][bookmark: _Toc21005469]At access stratum, distance between TX UE and RX UE can be measured based on exchanged GPS location, or estimated based on received signal power or zone ID. 
[bookmark: _Toc16757003][bookmark: _Toc21005472]TX UE’s location can be sent jointly via PC5-RRC and L1 SCI. A RX UE stores a mapping between Tx UEs’ L1 source IDs and their respective locations. 

Given a communication range requirement, access stratum may try to fulfil the QoS requirement within certain communication range. For instance, communication range associated with a V2X service can be used for power control at TX UE side. This is particularly useful for groupcast communication where no CSIT is available.  For instance, the transmission power can be relatively high if the required communication range is large, such that received signal strength for UEs at the edge of the communication range of the group will not be too weak. Besides, if the required communication range is small, the transmission power can be low to reduce the interference to UEs outside the range. 
[bookmark: _Toc534313413][bookmark: _Toc534929621][bookmark: _Toc534966011][bookmark: _Ref536273659][bookmark: _Ref976961][bookmark: _Ref976963][bookmark: _Ref4229649][bookmark: _Toc7726505][bookmark: _Toc16757004][bookmark: _Toc21005473]Communication range can be an input for controlling the transmission power, particularly for groupcast. Details are left to RAN1 discussion.

As described in previous sections, the communication range at AS can be used in operations such as transmit power control and for determining whether to transmit a HARQ feedback. Both operations operate on a MAC PDU (i.e. TB), which may consist of multiple SDUs originating from different logical channels (LCHs) having different communication range requirements. There are two possible options to handle the multiplexing of SDUs originating from different logical channels:    

Option 1. MAC PDU always contains LCHs having same communication range: In this option, the logical channel prioritization (LCP) allows only the SDUs from LCHs having the same communication range requirement to be multiplexed into a MAC PDU. Consequently, the communication range of the MAC PDU is same as that of the LCHs from which the SDUs originate. 
A drawback of this option is that in the absence of enough data in LCHs with the same communication range, multiple MAC PDUs each carrying SDUs with the same communication range will have to be formed.

Option 2. MAC PDU can contain LCHs having different communication ranges: In this option, SDUs from LCHs having different communication range requirements can be multiplexed into the same MAC PDU. The LCP in this option first prioritizes on multiplexing SDUs having the same communication range and then multiplexes SDUs having different communication range to fill up the MAC PDU.

In this scenario, a single communication range for the MAC PDU must be determined from the communication ranges of the originating LCHs for PHY layer treatment, e.g. transmission power and if HARQ feedback is needed. Potential options to choose the communication range for the TB are: 
1) maximum of the communication ranges of the multiplexed LCHs. 
2) minimum of the communication ranges of the multiplexed LCHs. 
3) communication range of the highest priority LCH.

[bookmark: _Toc16757005][bookmark: _Toc21005474][bookmark: _Toc16757006][bookmark: _Toc16757007]RAN2 discusses the following options for multiplexing SDUs with different communication ranges.

a.	MAC PDU always contains LCHs having same communication range
b.	MAC PDU can contain LCHs having different communication ranges

CSI report over SL
It has been clarified in WID [1] that for NR sidelink unicast, CSI report is delivered using PSSCH (including PSSCH containing CSI only) following the same resource allocation procedure as data transmission. This implies that the SL CSI report can be transmitted together with the data in one TB or separately in a different TB. 

	WID objective: 
· Sidelink physical layer procedures as per the study outcome
· CSI acquisition for unicast
· CQI/RI reporting is supported and they are always reported together. No PMI reporting is supported in this work. Multi-rank PSSCH transmission is supported up to two antenna ports.
· In sidelink, CSI is delivered using PSSCH (including PSSCH containing CSI only) using the resource allocation procedure for data transmission.




Regarding the methods to carry CSI report over SL, in general, there are three ways:
· Option 1: piggybacked in PSSCH as the way of carrying uplink control information (UCI) over PUSCH;
· Option 2: per PC5-RRC message;
· Option 3: per SL MAC CE.
[bookmark: _Toc5119270]Option 1: In this option, the components of the CSI report, i.e., RI and CQI are separately encoded and mapped to a subset of PUSCH resource elements (REs), similar to carrying uplink control information (UCI) over PUSCH [Section 6.3.2, [2]]. We see some drawbacks with this option. First, a proper piggyback design requires a large amount of simulations to evaluate various mappings of CSI report to the RE grid and the parameters (β offset values [Section 6.3.2, [2]]) for determining the code rates for encoding RI and CQI, which is quite challenging given the limited WID time. Second, piggyback solution is not good for forward compatibility, since in a later release we may have more CSI report parameters and thus a larger CSI report size. In that case, the current RE mappings and β offset values may not be valid anymore. In addition, it is unclear how the transmission of physical layer signaling will trigger SL resource allocation procedure. Note that in NR Uu, the transmission of CSI report is triggered/scheduled by gNB, however SL CSI report is triggered by TX UE and there is no procedure defined to indicate physical layer signaling transmission in SL SR/BSR. 
Option 2: As another alternative, the CSI report can be sent as a PC5-RRC message. However, letting RRC layer be involved in physical layer procedure will introduce extra processing time which could be harmful since CSI report is time sensitive. Besides, CSI report acquisition signaling is a physical layer signaling, how it will trigger RRC message generation and how a received RRC message will be delivered to the physical layer is also unclear and is foreseen to add extra overhead. 
Option 3: In our view, per SL MAC CE could be the most appropriate method. From implementation point of view, the collaboration between MAC layer and physical layer is less complex. For instance, the reception of CSI acquisition signalling will trigger the generation of a SL CSI report MAC CE, and MAC layer will deliver the received CSI report to physical layer for link adaptation purpose. The SL CSI report MAC CE can be either multiplexed with data into the same MAC PDU or be sent alone without any data. Furthermore, we believe that one specific LCID should be allocated to the MAC CE carrying SL CSI report, same as the LCID assignment to MAC CE in NR Uu. In this way, no additional signalling in SCI is needed to indicate the presence of SL CSI report in the TB transmission. In addition, when a UE has only CSI report to transmit or a UE’s data and CSI report targets different UEs, the UE can form two separate TBs, irrespective of CSI report carried by MAC CE or RRC. 
[bookmark: _Toc7515065][bookmark: _Toc7728758][bookmark: _Toc16081229][bookmark: _Toc16081329][bookmark: _Toc16781961][bookmark: _Toc21005475]RAN2 defines SL MAC CE to carry CSI report over SL. 
[bookmark: _Toc16081230][bookmark: _Toc16081330][bookmark: _Toc16781962][bookmark: _Toc21005476]One specific SL LCID is allocated to the MAC CE carrying SL CSI report.

CSI report acquisition procedure is a per unicast link (i.e. identified by a pair of source and destination layer 2 ID) operation. In the same unicast link, prioritization rule among data and MAC CE should be discussed. For example, if SL CSI report MAC CE is always (down) prioritized than data in terms of transmission. 
[bookmark: _Toc16781963][bookmark: _Toc21005477]RAN2 discusses the prioritization between SL CSI report MAC CE and SL data traffic.
[bookmark: _Toc16081233][bookmark: _Toc16081274][bookmark: _Toc16081333][bookmark: _Toc16081366][bookmark: _Toc16081380][bookmark: _Toc16081426][bookmark: _Toc16081486][bookmark: _Toc16081234][bookmark: _Toc16081275][bookmark: _Toc16081334][bookmark: _Toc16081367][bookmark: _Toc16081381][bookmark: _Toc16081427][bookmark: _Toc16081487][bookmark: _Toc16081235][bookmark: _Toc16081276][bookmark: _Toc16081335][bookmark: _Toc16081368][bookmark: _Toc16081382][bookmark: _Toc16081428][bookmark: _Toc16081488][bookmark: _Toc16081236][bookmark: _Toc16081277][bookmark: _Toc16081336][bookmark: _Toc16081369][bookmark: _Toc16081383][bookmark: _Toc16081429][bookmark: _Toc16081489][bookmark: _Toc16081237][bookmark: _Toc16081278][bookmark: _Toc16081337][bookmark: _Toc16081370][bookmark: _Toc16081384][bookmark: _Toc16081430][bookmark: _Toc16081490][bookmark: _Toc16081238][bookmark: _Toc16081279][bookmark: _Toc16081338][bookmark: _Toc16081371][bookmark: _Toc16081385][bookmark: _Toc16081431][bookmark: _Toc16081491][bookmark: _Toc16081339][bookmark: _Toc16081372][bookmark: _Toc16081386][bookmark: _Toc16081432][bookmark: _Toc16081492][bookmark: _Toc16081340]
Cell reselection
In RAN2#107, cell (re)selection in NR V2X sidelink communication was discussed. The following agreement was made: 
	RAN2#107 Agreements:
6:	The carrier only providing the anchor carrier configuration should not be prioritized for V2X service during cell reselection.
7:	The cell reselection prioritization rule for the UE camped in LTE Uu should be captured in TS 36.304. The cell reselection prioritization rule for the UE camped in NR Uu should be captured in TS 38.304.
8:	When V2X UE performs cell reselection, for the carriers providing the intra-carrier and inter-carrier SL configuration there is no differentiation in cell reselection.
9:	When V2X UE performs cell reselection, the carrier providing both NR and LTE SL may be prioritized than the carrier only providing NR or LTE SL if the UE is configured by upper layer to perform SL communication for both LTE V2X service and NR V2X service. If the UE is configured by upper layer to perform only NR V2X, the carrier providing NR V2X may be prioritized.
10:	If more than one carrier has the highest priority, the prioritization among them is left to UE implementation.




In LTE Rel.14, The IE SL-AnchorCarrierFreqList-V2X specifies the sidelink V2X anchor frequencies i.e. frequencies that include inter-carrier resource configuration for V2X sidelink communication. This can be extended to also provide the sidelink V2X anchor frequencies in different RAT.
[bookmark: _Toc16174709][bookmark: _Toc21005470]In LTE Rel.14, the IE SL-AnchorCarrierFreqList-V2X specifies the sidelink V2X anchor frequencies that include inter-carrier V2X configurations.
[bookmark: _Toc16174711][bookmark: _Toc21005478]SL-AnchorCarrierFreqList-V2X can be extended to also provide the sidelink V2X anchor frequencies in different RAT.
It has been agreed in the last meeting that the carrier providing both NR and LTE SL may be prioritized than the carrier only providing NR or LTE SL if the UE is configured by upper layer to perform SL communication for both LTE V2X service and NR V2X service. Another scenario that has not been discussed is when the UE has in the SL buffer both SL traffic to be transmitted on the NR RAT and LTE RAT but there is no carrier providing both NR and LTE SL configuration. 
[bookmark: _Toc16174713][bookmark: _Toc21005479]For cell reselection, RAN2 discusses the case that when the UE has in the SL buffer both SL traffic to be transmitted on the NR RAT and LTE RAT but there is no carrier providing both NR and LTE SL configuration.

[bookmark: _Toc458380516][bookmark: _Toc458380524]Conclusion
[bookmark: _In-sequence_SDU_delivery][bookmark: _Hlk16703546]In section 2 we made the following observations:
Observation 1	At access stratum, distance between TX UE and RX UE can be measured based on exchanged GPS location, or estimated based on received signal power or zone ID.
Observation 2	In LTE Rel.14, the IE SL-AnchorCarrierFreqList-V2X specifies the sidelink V2X anchor frequencies that include inter-carrier V2X configurations.

Based on the discussion in section 2 we propose the following:
Proposal 1	TX UE’s location can be sent jointly via PC5-RRC and L1 SCI. A RX UE stores a mapping between Tx UEs’ L1 source IDs and their respective locations.
Proposal 2	Communication range can be an input for controlling the transmission power, particularly for groupcast. Details are left to RAN1 discussion.
Proposal 3	RAN2 discusses the following options for multiplexing SDUs with different communication ranges.  
a. MAC PDU always contains LCHs having same communication range 
b. MAC PDU can contain LCHs having different communication ranges
Proposal 4	RAN2 defines SL MAC CE to carry CSI report over SL.
Proposal 5	One specific SL LCID is allocated to the MAC CE carrying SL CSI report.
Proposal 6	RAN2 discusses the prioritization between SL CSI report MAC CE and SL data traffic.
Proposal 7	SL-AnchorCarrierFreqList-V2X can be extended to also provide the sidelink V2X anchor frequencies in different RAT.
Proposal 8	For cell reselection, RAN2 discusses the case that when the UE has in the SL buffer both SL traffic to be transmitted on the NR RAT and LTE RAT but there is no carrier providing both NR and LTE SL configuration.
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