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1.  Introduction
RAN1 has done the Rel-18 main work on SL positioning. This discussion paper discusses some remaining issue on SL positioning in MAC layer that has RAN2 impact, based on RAN1/RAN2’s previous agreements.
2.  Discussion
LMF recommends PRS configuration to gNB
In RAN2#123[1] meeting, the following agreement is made:
	Agreement:
When aperiodic/one-shot SL-PRS transmission is triggered for UE configured with Scheme 1 SL-PRS resource allocation, at least for the case when LMF is not involved in giving the grant, design a new MAC CE for the UE to send to the gNB for SL-PRS resource request. (12/14) FFS when LMF is involved.
At least when periodic SL-PRS transmission is triggered for UE configured with Scheme 1 SL-PRS resource allocation, at least for the case when LMF is not involved in giving the grant, the UE sends an RRC message to the gNB for providing the assistance information for CG configuration. (13/14) FFS when the LMF is involved.


UE can provide the assistance information for CG configuration only when the UE knows the QoS of the sidelink positioning session, since the assistance information contains the approximate volume of needed SL-PRS transmission to satisfy the QoS. However for SL-MT-LR, the QoS of sidelink positioning is firstly known by the LMF. Further for LMF-based positioning, LMF gathers the measurement and calculates the location estimation. Under this case, it is redundant that LMF firstly tell QoS of the session to UE, then the UE make UL request to gNB for CG configuration. Instead, LMF can directly request gNB for configuring suitable SL-PRS configuration which best satisfies the QoS. 
Observation 1: For SL-MT-LR and LMF based SL positioning, it is redundant that LMF firstly tell QoS of the session to UE, then the UE makes UL request to gNB for CG configuration. Instead, LMF can directly request gNB for configuring suitable SL-PRS configuration which best satisfies the QoS.
SL-PRS configured per Tx pool, i.e. dedicated pool or shared pool. The dedicated pool SL-PRS configuration and shared pool SL-PRS configuration are given by RAN1 in the following agreements:
	Agreement
For a dedicated resource pool, explicit (pre-)configuration of SL PRS resources in a slot includes:
· SL PRS Resource ID, (M, N) pattern, starting symbol, comb offset.
· FFS: constraints to the (pre-)configuration to address potential AGC issues
Conclusion
For a dedicated resource pool, only the case where SL PRS bandwidth is the same as resource pool bandwidth is supported in Rel-18.
Working assumption
For a shared resource pool,
· Explicit (pre-)configuration of SL PRS resources in a slot, applicable for an indicated frequency domain allocation, includes:
· SL PRS Resource ID, (M, N) pattern, comb offset.
Agreement
For Scheme 2, in a dedicated resource pool, 
· with regards the reservation interval of SL-PRS, it is provided by UE’s higher layers with values TBD. The set of values is (pre-)configured.
· Use the periodicities available for legacy SL communication and the ones defined for DL-PRS as a starting point.
Agreement
In resource allocation in scheme 1, for a dedicated resource pool:
· For configured grant type 1 resource allocation,
· RRC is used for indicating at least the following:
· Info-1: the periodicity, 


The SL-PRS characteristic that may impact the positioning accuracy towards a given QoS are: SL-PRS transmission periodicity, SL-PRS resource symbol number and SL-PRS comb size (M,N pattern), SL-PRS bandwidth, SL-PRS retransmission number. LMF can recommend these information to gNB, to help gNB make better scheduling when configuring the Tx pool and associated SL-PRS configuration to UE.
Proposal 1: Support LMF to recommend SL-PRS configuration to the gNB for resource allocation, the SL-PRS configuration includes SL-PRS transmission periodicity, SL-PRS resource symbol number and SL-PRS comb size (M,N pattern), SL-PRS bandwidth, SL-PRS retransmission number.
RAN1#114[2] also reaches the following agreements:
	Agreement
Support to include SL PRS resource ID in sidelink positioning measurement report.
Note: RAN1 will not further discuss how LMF/UE could use reported resource ID.


According to the agreement, LMF will know the SL PRS resource ID in the measurement report. However, it is useless if LMF only knows the SL PRS resource ID. LMF should also know the SL-PRS configuration/characteristic of this SL-PRS resource ID. To achieve this, we think it is natural to allow gNB to report the SL-PRS configuration (associated with the pool configuration) to the LMF in advance.
Proposal 2: Allow gNB to report the SL-PRS configuration (associated with the pool configuration) to the LMF in advance.
UE’s MAC procedure
Open issue: Number of maximum parallel processes for SL-PRS
In legacy, the Tx UE can use up to 16 SL processes to transmit SL data, in which up to 4 SL processes are used for mode 2. Each SL process associates with a grant (selected grant for mode 2, configured grant for CG, dynamic grant for DG). This allows parallel processes for SL data transmission so that larger amount sidelink service will be well accommodated. When SL-PRS and SL data performs joint transmission in the shared pool, we think MAC spec should also specify the following:
· the maximum number of SL processes that a UE can perform SL-PRS transmission within the 16 SL processes, the candidate value can be {2,4,6,8,12,16};
· the maximum number of SL processes that a UE can perform SL-PRS transmission using scheme 2 within the 4 mode 2 SL processes, the candidate value can be {1,2}.
Also, UE transmitting SL-PRS with data requires additional complexity and higher UE capability to support. So we propose to also introduce UE capability on the maximum number of SL processes that UE can support to jointly transmit SL-PRS and SL-data.
Proposal 3: For shared pool, MAC spec should also specify the following:
· The maximum number of SL processes that a UE can perform SL-PRS transmission (within the 16 SL processes), the candidate value can be {2,4,6,8,12,16};
· The maximum number of SL processes that a UE can perform SL-PRS transmission using scheme 2 (within the 4 SL processes for mode 2), the candidate value can be {1,2}.
Proposal 4: for shared pool, introduce UE capability on the maximum number of SL processes that UE can support to jointly transmit SL-PRS and SL-data.
For dedicated pool, currently the running CR seems to only allow a single process (not legacy SL process for data) to transmit SL-PRS. We think it is not enough since there exist scenarios that some UEs are designed to mostly perform SL positioning (i.e., transmitting and receiving SL-PRS) in its life time, such as RSUs for positioning. Such kind of scenario requires pretty high demand of SL-PRS transmission, and NW may mostly configure dedicate pool to this kind of UE. Only a single process for transmitting SL-PRS in dedicate pool may lead to frequent positioning failure. So a more flexible and backward compatible way is, to increase the number of parallel processes to dedicatedly transmit SL-PRS. This can depend on whether UE has such kind of UE capability.
Proposal 5: In dedicated pool, specify the maximum number of parallel processes that a Tx UE can use for dedicated SL-PRS transmission.
Open issue: SL-PRS in retransmission opportunity
RAN2#123-bis has the following agreement:
	Agreement 
The following parameters are selected/reselected when the TX resource (re-)selection is triggered in the dedicated resource pool. [15/15] FFS the number of retransmissions.
(a)	resource reservation interval, when the transmission of periodic SL-PRS
(b)	COUNTER value, when the transmission of periodic SL-PRS


RAN1 has agreed that SL-PRS supports periodic reservation and non-periodic reservation, wherein periodic reservation is reflected by a resource reservation interval, the non-periodic reservation is reflected by the number of retransmission. Both shared pool and dedicated pool should support these two kinds of approach of reserving SL-PRS resources. Therefore, when the Tx resource (re-)selection is triggered in the dedicated resource pool,  the number of retransmissions should be selected/reselected.
Proposal 6: When the Tx resource (re-)selection is triggered in the dedicated resource pool, the number of retransmissions should be selected/reselected.
For both dedicated pool and shared pool, the transmission opportunities is divided into initial transmission opportunities and re-transmission opportunities. The initial transmission opportunities include the first transmission in each resource reservation interval, while the re-transmission opportunities include the rest transmission opportunities in this grant. Regarding to the SL-PRS transmission, the retransmission opportunities represent the non-periodical resource reservation of the SL-PRS, and the intention of introducing non-periodical resource reservation is to allow the ‘retransmission’ of a same set of SL-PRS characteristics to ensure the robustness of a SL-PRS transmission. The SL-PRS characteristic comes from Tx UE’s own higher layer and it is related to the QoS of the sidelink positioning session, including destination, session information, delay budget, cast type, priority, etc. That means, the retransmission opportunity should transmit a SL-PRS with a same SL-PRS characteristic as the SL-PRS in the initial transmission opportunity, even though the physical resources of initial transmission opportunity and retransmission opportunity can be different.
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Figure 1. SL-PRS in retransmission opportunity should follow SL-PRS in the corresponding initial transmission opportunity
Proposal 7: For both dedicated pool and shared pool and both scheme 1 and scheme 2, the retransmission opportunity should transmit SL-PRS with a same SL-PRS characteristic (e.g., destination, session, delay budget, cast type, priority) as the SL-PRS in the initial transmission opportunity, even though the physical resources of initial transmission opportunity and retransmission opportunity can be different.
Further there are sever open issues listed by rapporteur related to SL-PRS in retransmission opportunity in shared pool:
Editor’s NOTE:	FFS SL-PRS transmission on SL-PRS shared resource pool when the MAC PDU has been positively acked for resource allocation scheme 1 and scheme 2.
Editor’s NOTE:	FFS whether SL-PRS occasion on SL-PRS shared resource pool can be cleared when the MAC PDU has been positively acked for resource allocation scheme 2.
[bookmark: _Hlk148799163]Editor’s NOTE:	FFS whether SL-PRS occasion on SL-PRS shared resource pool can be cleared when the MAC PDU has been positively acked for resource allocation scheme 1.
HARQ is only applied for data transmission. Since SL-PRS does not need to do the combine at the receiver side, so SL-PRS transmission at Tx UE side should not be controlled by the ACK from the Rx UE. SL-PRS transmission should only be controlled by the actual service request, i.e., whether there are any pending SL-PRS or not. 
When SL-PRS is pending to transmit, shared pool can be selected to transmit SL-PRS. For the periodic reservation (initial transmission opportunity in each period) and non-periodic reservation (retransmission opportunity in each period), they are just more resources for SL-PRS transmission. Furthermore, if UE is not allowed to transmit SL-PRS when data ACK is received, the non-periodic reserved resource will be wasted. 
In addition, we think the grant should not be cleared when ACK is received in order to satisfy SL-PRS transmission request/requirement. Clearing grant according to this condition requires more specification impact. This principle should be applied for both scheme 1 and scheme 2.
Proposal 8: For resource allocation scheme 1 and scheme 2, SL-PRS can be transmitted on SL-PRS shared resource pool when the MAC PDU has been positively acked.
Proposal 9: For resource allocation scheme 1 and scheme 2, SL-PRS occasion/grant should not be cleared on SL-PRS shared resource pool when the MAC PDU has been positively acked.

Open issue: flow control of SL-PRS transmission
For SL-data transmission, there is a mechanism to control the data flow of each logical channel by a UE variable SBj. The mechanism is to ensure SL data in a certain logical channel (with the highest priority to a destination) will not always occupy the MAC PDU in every transmission opportunity and so that SL data in other logical channels (with lower priority to the same destination) will also have a chance to transmit. 
For SL-PRS transmission, we also face the same issue. A UE may have many SL-PRS transmission pending to transmit, these SL-PRS transmission requests comes from different positioning services and may associate with different QoS, destination and SL positioning session. If the UE has already determined a grant to transmit SL-PRS, and if UE chooses to transmit SL-PRS that with the highest priority for a destination in each resource in this grant, then there is a possibility that SL-PRS request with highest priority of this destination will always keep on transmission. Since there is only one SL-PRS transmission allowed in a slot, then the SL-PRS with lower priority of this destination does not have a chance to transmit and may wait for many slots, so that the corresponding SL positioning session may fail frequently since the corresponding delay budget cannot be met. To solve this issue, the priority rule for transmitting SL-PRS should be introduced.
Observation 2: There is a possibility that SL-PRS request with highest priority of this destination will always keep on transmission. Since there is only one SL-PRS transmission allowed in a slot, then the SL-PRS with lower priority of this destination does not have a chance to transmit and may wait for many slots, so that the corresponding SL positioning session may fail frequently.
Since the SL-PRS transmission does not have the sidelink Prioritized Bit Rate (sPBR) and the sidelink Bucket Size Duration (sBSD) as that in the SL data, to achieve the same goal, a simple approach can be designed that, UE can set the number of consecutive transmissions as X, and the number of suspended transmissions Y, towards a single priority and a single destination. UE can count that: if the SL-PRS with the certain priority is transmitted to the certain destination ID consecutively for X times, this priority to this destination should be suspended for Y times. In this way, the SL-PRS of a certain priority and a certain destination will not transmit forever even if there is always such kind of SL-PRS pending to transmit, then the SL-PRS with other priority also gets a chance to transmit. This is a trade-off between satisfying the QoS and satisfying the highest priority.
Also, this mechanism prevents that all users internally sets the priority of all the positioning service of itself to the highest priority to occupy the radio resources.
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Figure 2. The SL-PRS with the certain priority is transmitted to the certain destination ID consecutively for X times, this priority to this destination ID should be suspended for Y times
Proposal 10: For both dedicated pool and shared pool and both scheme 1 and scheme 2, if the SL-PRS with the certain priority is transmitted to the certain destination consecutively for X times, this priority to this destination should be suspended for Y times.
Open issue: whether CG formula can be applied to SL-PRS
There is a MAC open issue captured by the rapporteur in the post email discussion:
Editor’s NOTE:	Whether the above formula for determining the CG occasion for CG type 1 for SL-SCH can be reused for SL-PRS
TS38.321 has the following rule to calculate the current slot in the associated pool for CG:
	After a sidelink grant is configured for a configured grant Type 1, the MAC entity shall consider sequentially that the first slot of the Sth sidelink grant occurs in the logical slot for which:
	CURRENT_slot = (sl-ReferenceSlotCG-Type1 + sl-TimeOffsetCG-Type1 + S × PeriodicitySL) modulo T'max
where CURRENT_slot refers to current logical slot in the associated resource pool, and T'max is the number of slots that belongs to the associated resource pool as defined in clause 8 of TS 38.214[7]. sl-ReferenceSlotCG-Type1 refers to reference logical slot defined by sl-TimeReferenceSFN-Type1.
After a sidelink grant is configured for a configured grant Type 2, the MAC entity shall consider sequentially that the first slot of Sth sidelink grant occurs in the logical slot for which:
	CURRENT_slot = (sl-StartSlotCG-Type2 + S × PeriodicitySL) modulo T'max
where sl-StartSlotCG-Type2 refers to the logical slot of the first transmission opportunity of PSSCH where the configured sidelink grant was (re)initialised.


Currently RAN1 has FFS part on the RRC parameters for dedicated pool CG configuration SL-ConfiguredGrantConfig-Dedicated-SL-PRS-RP, but the rule should be reused for SL-PRS transmission, so the formula should be reused to determine current slot in dedicated pool. Here is the RRC parameter list R1-2310695[3]:
	NR_pos_enh2-Core
	SL PRS configuration in a dedicated resource pool
	SL-ConfiguredGrantConfig-Dedicated-SL-PRS-RP
	New
	The IE SL-ConfiguredGrantConfig-Dedicated-SL-PRS-RP specifies the configured grant configuration information for NR sidelink possitioning in a dedicated SL-PRS resource pool.
	Contains the following IEs:sl-PeriodCG-Dedicated-SL-PRS-RP, sl-TimeOffsetCG-Type1-Dedicated-SL-PRS-RP, sl-TimeReferenceSFN-Type1-Dedicated-SL-PRS-RP, sl-ResourcePoolID-Dedicated-SL-PRS-RP, sl-TimeResourceCG--Type1-Dedicated-SL-PRS-RP, sl-SL-PRS-ID-Future-Type1-Dedicated-SL-PRS-RP, and sl-SL-PRS-ID-Type1-Dedicated-SL-PRS-RP



Proposal 11: The formula of determining current slot in a CG config should be reused to determine current slot of dedicated pool. Detailed parameters in the formula should wait for RAN1’s parameter list.

Empty data indication in the MAC subheader
When a Tx UE transmits a SL-PRS and a PSSCH in a slot in shared transmission resource pool, there is a possibility that the PSSCH contains SCI and SL-SCH, but the SL-SCH has no actual sidelink data to be transmitted. That means the MAC PDU (exclude the SL-SCH subheader) is only consist of padding bits. 
A Tx UE knows whether the MAC PDU has actual data to transmit or not. But Rx UE does not know this. In this case, to indicate to the Rx UE that the corresponding PSSCH contains actual sidelink data or the PSSCH only contains padding bits, Tx UE can use one of the reserved bit in the SL-SCH subheader of the MAC PDU to indicate the MAC PDU contains data, or all of the MAC SDUs or MAC CEs in the MAC PDU only contains padding bits. In this way, when the Rx UE receives SCI 2-D and the following MAC PDU, Rx UE’s MAC layer decodes the SL-SCH subheader and finds the field indicates the MAC PDU contains data, then the Rx UE can continue to decode the MAC PDU and deliver the decoded MAC PDU to the disassembly and demultiplexing entity; if the Rx UE’s MAC layer decodes the SL-SCH subheader and find the field indicates the MAC PDU does not contain data, the Rx UE’s MAC layer can directly ignore/drop the MAC PDU.
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Figure 3. Structure of a SL-SCH subheader
Proposal 12: Tx UE can use one of the reserved bits in the SL-SCH subheader of the MAC PDU to indicate the MAC PDU contains actual SL data, or all of the MAC SDUs or MAC CEs in the MAC PDU only contains padding bits.
Tx resource(s) (re) selection check
In legacy Tx resource(s) (re)selection check, there are several conditions that when UE meets any of them, UE should delete the current grant associated with the SL process and (re)selects a new grant. One of the condition is:
	1>	if sl-ReselectAfter is configured and the number of consecutive unused transmission opportunities on resources indicated in the selected sidelink grant, which is incremented by 1 when none of the resources of the selected sidelink grant within a resource reservation interval is used, is equal to sl-ReselectAfter; or


It can be seen that for legacy resource pool, if there are several consecutive unused resource reservation intervals (i.e., none of the selected resource is used in each resource reservation interval), and the number reaches sl-ReselectAfter, UE should change grant for this pool. 
However the resource occupation situation in the legacy pool for SL data and in the shared pool for both data and SL-PRS is different. If SL-PRS joins and the legacy sl-ReselectAfter is reused, it will be hard for Tx UE to reach the sl-ReselectAfter since it is hardly that SL-PRS and SL data can BOTH be quiet on several consecutive resource reservation intervals (note that each resource reservation interval includes initial transmission opportunity and retransmission opportunities). For example, when there is no SL data transmitted in the re-transmission opportunities, SL-PRS can still transmit on the retransmission opportunities. So in shared pool, it may take a very long time before the UE can switch grant even if the UE finds the previous grant as inappropriate. Also for scheme 2 selected grant, NW does not know exactly the volume of data and SL-PRS transmission request triggering from UE’s own higher layer at real time, gNB may not make such wise decision on choosing the value of sl-ReselectAfter (e.g., to make sl-ReselectAfter smaller).
So we suggest that: the mechanism can be reused for shared pool, but the sl-ReselectAfter should have a larger value range, and the number of unused transmission opportunities on resources indicated in the selected sidelink grant should incremented by 1 when either an initial transmission opportunity or a re-transmission opportunity in a resource reservation interval is not used.
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Figure 4. Shared pool, the rule of counting sl-ReselectAfter
Observation 3: For shared pool, when there is no SL data transmitted in the re-transmission opportunities, SL-PRS can still transmit on the retransmission opportunities. So it is hardly that SL-PRS and SL data can BOTH be quiet on several consecutive resource reservation intervals which includes initial transmission opportunity and retransmission opportunities.
Proposal 13: For shared pool, the sl-ReselectAfter should have a larger value range, and the number of unused transmission opportunities on resources indicated in the selected sidelink grant should incremented by 1 when either an initial transmission opportunity or a re-transmission opportunity in a resource reservation interval is not used.

3.  Conclusion
In this contribution, we propose the following observation and proposals:
LMF recommends PRS configuration to gNB
Observation 1: For SL-MT-LR and LMF based SL positioning, it is redundant that LMF firstly tell QoS of the session to UE, then the UE makes UL request to gNB for CG configuration. Instead, LMF can directly request gNB for configuring suitable SL-PRS configuration which best satisfies the QoS.
Proposal 1: Support LMF to recommend SL-PRS configuration to the gNB for resource allocation, the SL-PRS configuration includes SL-PRS transmission periodicity, SL-PRS resource symbol number and SL-PRS comb size (M,N pattern), SL-PRS bandwidth, SL-PRS retransmission number.
Proposal 2: Allow gNB to report the SL-PRS configuration (associated with the pool configuration) to the LMF in advance.

Open issue: Number of maximum parallel processes for SL-PRS
Proposal 3: For shared pool, MAC spec should also specify the following:
· The maximum number of SL processes that a UE can perform SL-PRS transmission (within the 16 SL processes), the candidate value can be {2,4,6,8,12,16};
· The maximum number of SL processes that a UE can perform SL-PRS transmission using scheme 2 (within the 4 SL processes for mode 2), the candidate value can be {1,2}.
Proposal 4: for shared pool, introduce UE capability on the maximum number of SL processes that UE can support to jointly transmit SL-PRS and SL-data.
Proposal 5: In dedicated pool, specify the maximum number of parallel processes that a Tx UE can use for dedicated SL-PRS transmission.

Open issue: SL-PRS in retransmission opportunity
Proposal 6: When the Tx resource (re-)selection is triggered in the dedicated resource pool, the number of retransmissions should be selected/reselected.
Proposal 7: For both dedicated pool and shared pool and both scheme 1 and scheme 2, the retransmission opportunity should transmit SL-PRS with a same SL-PRS characteristic (e.g., destination, session, delay budget, cast type, priority) as the SL-PRS in the initial transmission opportunity, even though the physical resources of initial transmission opportunity and retransmission opportunity can be different.
Proposal 8: For resource allocation scheme 1 and scheme 2, SL-PRS can be transmitted on SL-PRS shared resource pool when the MAC PDU has been positively acked.
Proposal 9: For resource allocation scheme 1 and scheme 2, SL-PRS occasion/grant should not be cleared on SL-PRS shared resource pool when the MAC PDU has been positively acked.

Open issue: flow control of SL-PRS transmission
Observation 2: There is a possibility that SL-PRS request with highest priority of this destination will always keep on transmission. Since there is only one SL-PRS transmission allowed in a slot, then the SL-PRS with lower priority of this destination does not have a chance to transmit and may wait for many slots, so that the corresponding SL positioning session may fail frequently.
Proposal 10: For both dedicated pool and shared pool and both scheme 1 and scheme 2, if the SL-PRS with the certain priority is transmitted to the certain destination consecutively for X times, this priority to this destination should be suspended for Y times.

Open issue: whether CG formula can be applied to SL-PRS
Proposal 11: The formula of determining current slot in a CG config should be reused to determine current slot of dedicated pool. Detailed parameters in the formula should wait for RAN1’s parameter list.

Empty data indication in the MAC subheader
Proposal 12: Tx UE can use one of the reserved bits in the SL-SCH subheader of the MAC PDU to indicate the MAC PDU contains actual SL data, or all of the MAC SDUs or MAC CEs in the MAC PDU only contains padding bits.

Tx resource(s) (re) selection check
[bookmark: _GoBack]Observation 3: For shared pool, when there is no SL data transmitted in the re-transmission opportunities, SL-PRS can still transmit on the retransmission opportunities. So it is hardly that SL-PRS and SL data can BOTH be quiet on several consecutive resource reservation intervals which includes initial transmission opportunity and retransmission opportunities.
Proposal 13: For shared pool, the sl-ReselectAfter should have a larger value range, and the number of unused transmission opportunities on resources indicated in the selected sidelink grant should incremented by 1 when either an initial transmission opportunity or a re-transmission opportunity in a resource reservation interval is not used.
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