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Discussion
Power limited case handling
[bookmark: _Hlk507265006]Description:	How to handle the power limited case when the sidelink transmissions on multiple carriers are overlapped in time
Open issue:	whether PPPP based dropping and power sharing can be introduced
Positions:		PPPP based dropping and power allocation is supported by Huawei, HiSilicon, LGE, Nokia, Nokia Shanghai Bell, Intel, Qualcomm, NTT Docomo
Way forward:	
Proposal 1: If there is overlap in one TTI and UE is not able to transmit simultaneously on multiple carrier due to limitation in available power, then UE should prioritise transmission on higher PPPP packets.
Proposal 2: If there is overlap in one TTI of same PPPP packets in different carriers then it should be left to UE implementation to perform transmission if it is constrained in terms of available power.


Carrier selection order
Description:	Whether to solve the following FFS points,
Agreement made in RAN1#91 meeting:
· From RAN1 understanding, the limited TX capability means that the UE cannot support transmission(s) over carrier(s) in a subframe due to 
· (a) Number of TX chains smaller than the number of configured TX carriers or
· (b) UE doesn’t support the given band combination or
· (c) TX chain switching time or
· (d) UE cannot fulfill the RF requirement due to, e.g., PSD imbalance
· 
· For a UE with limited TX capability, RAN1 considers the following options for resource selection in mode 4 CA.
· Option 1-1: When the UE performs the resource selection for a certain carrier, any subframe of that carrier shall be excluded from the reported candidate resource set if using that subframe exceeds its TX capability limitation under the given resource reservation in the other carriers.
· FFS details, e.g., the carrier resource selection order should consider PPPP of transmission and CBR.
· Option 1-2: If the per-carrier independent resource selection leads to transmissions beyond the TX capability of the UE in a subframe, UE re-does resource reselection within the given reported candidate resource set until the resultant transmission resources can be supported by the UE.
· FFS: whether it is up to UE implementation
· FFS details, e.g., the carrier resource selection order should consider PPPP of transmission and CBR.
· Option 2: After performing the per-carrier independent resource selection, the UE shall drop transmission in a subframe where using that subframe exceed its TX capability limitation. 
· FFS details of dropping rule, e.g., whether/how to consider PPPP and CBR
· FFS whether/how to consider other aspects (e.g., half duplex problem) in terms of resource selection
Agreement made in RAN1#92 meeting:
· Case (b) includes unsupported carrier combinations as well as band combinations
· For cases when limited tx capability the UE cannot support transmission(s) over carrier(s):
· The UE shall follow Option 1-1 for (a), (b), (c)
Otherwise, the UE shall follow Option 1-2

Open issue:		Considering CBR in carrier resource selection has already been discussed in RAN2, whether PPPP is also considered in carrier resource selection or not.
Positions:		
Alt. 1) considering PPPP in carrier resource selection is specified. 
Supported by CATT, ZTE, OPPO, Lenovo, Ericsson, Intel
Alt. 2) considering PPPP in carrier resource selection is up to UE implementation 
Supported by LGE
Way forward:	



Half duplex issue handling 
Description:	For intraband PC5 CA, due to independent resource selection triggering per CC, resource collision and half duplex may increase 
Open issue:		Whether any new resource reselection triggering condition is supported or not
Positions:		
Alt. 1) Support simultaneous resource (re)selection triggering across aggregated carriers: supported by CATT, Samsung 
Alt. 2) Do not support enhancements to resource (re)selection triggering across aggregated carriers that specifically align simultaneous transmissions on multiple carriers to be on the same TTI: supported by ZTE, Intel, LGE, Qualcomm
Way forward:	

Miscellaneous issues
Open issue: When UE performing resource selection in option 1-2, to avoid endless loop, 
Proposals: 
Alt 1) iteration counter is introduced: proposed by CATT
Alt 2) UE skips resource selection for a carrier with no available subframe that does not exceed its TX capability limitation: Proposed by LGE

Open issue: When a UE with limited TX capability performs resource selection for a certain carrier, there could be ambiguity about the duration for which the current reserved resources of the other carriers are valid.
Proposal: UE assumes the current reserved resources of the other carriers are infinitely valid: proposed by LGE

Open issue: When transmit power for PC5 CA is shared across carrier, whether carrier specific power control parameters are defined. 
Proposal: For sidelink transmission, all the parameters are defined to be carrier specific (i.e. carrier specific values of MPSCCH, MPSSCH, Po, alpha, etc. are used).e.g. 

  [dBm] 
: proposed by Nokia, NSB

Open issue: Resource selection details when random resource is configured by upper layers
Proposal: UE shall only follow Option 1-2 if transmission based on random selection is configured by upper layers: Proposed by Ericsson

Open issue: Additional exceptional pool usage condition
Proposal: Exceptional pool is used for sidelink transmission, if sensing results are not available due to (re)-selection of RX component carrier.
o	Inform RAN2 on UE transmission behavior when received CC is (re)-selected/changed.
Proposed by Intel, Samsung

Open issue: Additional optimizations/restrictions
Proposal proposed by Samsung:
· Defining a rule using up to 2 SL processes in a carrier or on multiple carriers is beneficial. 

Proposal proposed by Samsung:
· Similar link performance is targeted for the multiple MAC PDUs segmented from same high layer packet. 
· Same number of (re)transmissions for each MAC PDU;
· Drop all MAC PDUs if at least one MAC PDU is dropped;
· Target the same coverage for the multiple MAC PDUs.

Proposal proposed by Samsung:
· Once resource selection is triggered on a carrier, resource in all/multiple carriers are reselected together. 
· The number C of reservation interval for a selected resource,  and the behavior keeping current selected resource(s) before next resource selection should be common to all/multiple carriers. 
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Appendix: submitted proposals
CATT:
Proposal 1: The carrier resource selection order can be supported as follows:
· When the resource selection requests don’t occur at same subframe, the carrier resource selection order should be determined by the resource selection request arriving time order;
· When the resource selection requests occur at same subframe, the carrier resource selection order should be determined by PPPP of transmission firstly and then by the CBR for the transmission with same PPPP;
· The carrier with higher CBR should be prioritized.
Proposal 2: The details of exclusion procedure in option 1-1 should be supported as follows:
· If the estimating TX number in one candidate subframe is more than the TX chain number, the subframe should be excluded.
· If the estimating simultaneous transmissions occur in non-contiguous carriers in one candidate subframe, the subframe should be excluded.
· From the TX switching aspects, the subframes before and behind the TX subframe should be excluded in the resource selecting carrier.
Observation 1: The randomization of the transmission resource would be impacted due to the additional exclusion and the reduction of the selectable candidate resources within the reported candidate resource set, and the impacts of resource collision and half duplex may increase.
Proposal 3: An iteration counter for UE performing resource selection in option 1-2 could be introduced to avoid the endless loop.
Proposal 4: Considering the power sharing of simultaneous TX in multi-carrier, an additional exclusion mechanism in option 1-1 should be supported:
· If the power headroom cannot meet the minimum transmission power (as specified in TS#36.213) in a carrier to support simultaneous transmission, the subframe should be excluded from the resource selection in that carrier.
Proposal 5: The triggering condition of carrier reselection should be supported, at least for the congestion carrier.
ZTE, Sanechips:
Proposal 1: For the new resource exclusion procedure in Option1-1, it should be done in MAC layer.
Proposal 2: Send LS to RAN2 to inform them that RAN1 assumes that there is a carrier resource selection order when MAC performs resource selection on multiple CCs in Mode 4 CA.
· Note: From RAN1 perspective, CBR should be taken into account for carrier resource selection ordering and RAN2 may also take other factors (e.g., PPPP of the transmission) into account. 
Proposal 3: The aspect of half duplex problem could be considered in terms of UE’s implementation in Rel-15.
Proposal 4: Option 1-1/Option 1-2 could be used to address the TX power budget constraint issue.

OPPO:
Proposal 1: 
· The candidate carrier set is determined by the destination address with the highest priority (PPPP) within all the sidelink logical channels having data available for transmission
· Within the candidate carrier set, the carrier selection is determined by the following factors:
· CBR
· Whether there is grant in the carrier
· Whether the resource/carrier reselection trigger condition is satisfied
Proposal 2: The carrier selection is based on the PPPP order of buffered data
Proposal 3: TX capability limitation is considered for resource selection, not for carrier selection.
ITRI:
Proposal 1: UE can choose its contiguous transmission CC based on its demand.
Proposal 2: UE can choose contiguous transmission CC set based on data priority.

Huawei, HiSilicon:
Proposal: If there is overlap in one TTI and UE is not able to transmit simultaneously on multiple carriers due to limitation in available power, the UE transmit power is allocated to meet sidelink transmissions with decreasing order of priority. It is left to UE implementation for sidelink transmissions with the same PPPP.

Lenovo, Motorola Mobility:
Proposal 1: PPPP can be used as a rule of carrier resource selection order when resource collision happens on multiple carriers and TX capability is limited.
Proposal 2: The selected resource should not be overridden when the resource selections on each carrier are triggered at the different time.
Proposal 3: The reserved resource should not be overridden when the resource selections on each carrier are triggered at the different time.
Proposal 4: For option 1-2, selected and reserved resource on ongoing transmission carrier should not be overridden as well.

Nokia, Nokia Shanghai Bell:
Proposal 1: Power allocation of simultaneous PSSCH/PSCCH transmissions is based on PPPP.
Proposal 2: In case of simultaneous equal priority SL transmissions, it is up to UE whether to apply equal scaling or drop some of the SL transmissions if UE becomes power limited.
Proposal 3: Power sharing between UL and SL uses the operation specified in Rel-14.
Proposal 4: Rel-14 power control formulas are reused but all the parameters are defined to be carrier specific (i.e. carrier specific values of MPSCCH, MPSSCH, Po etc. are used).
Proposal 5: In case of power scaling, power of PSCCH and PSSCH is scaled equally.
Proposal 6: Equal power scaling is used for overlapping PSBCH/SLSS transmissions in different CCs if UE is power limited.

Samsung:

Proposal 1:
· Enhanced resource selection in V2X CA must minimize the impact of half duplex transmission/reception. 
· Priority handling half duplex is lower than that handling limited UE TX capability. 

Proposal 2:
· A UE can select multiple set of transmission parameters, try resource selection for each set respectively and verify which set of parameters are proper and select the resource correspondingly. 

Proposal 3:
· The existing Rel-14 behavior (step 5) in 36.213 14.1.1.6) can be reused handling all subframes not sensed on multiple carriers.

Proposal 4:
· Agree on enhanced resource selection
1) Determine an order of carriers so that UE do resource selection in sequence.
2) According to the determined order, certain subframes of resources are removed from by considering UE TX capability and/or TX power budget limitation.
3) Remove some subframes where only small number of carriers have candidate resources belong to {SB,i}. Further, the maximum number of subframes/resources removed can be further limited, otherwise, the remaining resource in {SB,i} may become too short which impact randomization in resource selection.
4) Loop all carriers, for a carrier i, do random resource selection in SB,i. E.g. Similar to Rel-14, UE first select one resource and then select the second resource within a time gap supportable by SCI

Proposal 5:
· Defining a rule using up to 2 SL processes in a carrier or on multiple carriers is beneficial. 

Proposal 6:
· Similar link performance is targeted for the multiple MAC PDUs segmented from same high layer packet. 
· Same number of (re)transmissions for each MAC PDU;
· Drop all MAC PDUs if at least one MAC PDU is dropped;
· Target the same coverage for the multiple MAC PDUs.

Proposal 7:
· Once resource selection is triggered on a carrier, resource in all/multiple carriers are reselected together. 
· The number C of reservation interval for a selected resource,  and the behavior keeping current selected resource(s) before next resource selection should be common to all/multiple carriers. 

Proposal 8:
· If many subframes in sensing window on a carrier cannot be sensed, UE can transmit data in exception pool, another carrier with enough sensing information. Alternatively, resource reselection is triggered if lack of opportunity for sensing is identified. 

Proposal 9:
· In case of congestion on a carrier where a high priority service is mapped, the UE can transmit the high priority service on a carrier that is not congested.

LG Electronics:
Proposal 1: When a UE with limited TX capability performs resource selection by following Option 1-2 for (d), it skips resource selection for a carrier with no available subframe that does not exceed its TX capability limitation.
Proposal 2: Further discussion is necessary on how a UE with limited TX capability assumes the duration for which the current reserved resources of the other carriers are valid when it determines the subframe availability for a certain carrier.
Proposal 3: The carrier resource selection order is left up to UE implementation.
Proposal 4: To handle the power limited case when the sidelink transmissions on multiple carriers are overlapped in time, it can be defined that the UE drop the transmission of packet with the lower PPPP value or reduce the transmission power of it. In case of simultaneous transmissions with the same PPPP value (on multiple carriers), it is left up to UE implementation.
Ericsson:
Proposal 1	UE shall only follow Option 1-2 if transmission based on random selection is configured by upper layers. 
Proposal 2	The UE shall follow Option 1-1 for (a), (b), (c) even for the case when simultaneous resource (re)selection is triggered for more than one carriers simultaneously. In other words, per-carrier independent resource selection is performed from the reported candidate resource set.
Proposal 3	PPPP based power sharing is done for simultaneous transmissions of different MAC PDUs. 
Proposal 4	In case of simultaneous resource (re)selection on multiple carriers, carriers with higher PPPP packet is considered first and in case of same PPPP, carriers are selected based on decreasing CBR.

Intel Corporation:
Proposal 1
•	If sidelink transmission on any of CCs affects UE reception in sensing window of any carrier, then candidate resources of selection window, which resource reservations may collide with any potentially missed resource reservations (signaled in affected subframes) are excluded from resource selection window.
Proposal 2
•	Exceptional pool is used for sidelink transmission, if sensing results are not available due to (re)-selection of RX component carrier.
o	Inform RAN2 on UE transmission behavior when received CC is (re)-selected/changed.
Proposal 3
•	It is up to UE implementation whether to apply simultaneous resource reselection trigger across aggregated CCs
o	R14 sensing and resource selection procedures are used to report candidate resources sets to higher layers.
•	If UE applies simultaneous resource reselection across CCs, PPPP is used to determine order of resource selection across CCs.
Proposal 4
•	UE is configured by higher layers, whether it can use CC #A for TX, if CC #A does not belong to the subset of aggregated RX CCs monitored by UE.
Proposal 5
•	If UE shares TX power budget across sidelink CCs, when SL transmissions from multiple CCs overlap in time, UE may drop or reduce power for transmission with the lower priority (PPPP).
o	In case of equal priority values, UE may split the SL TX power across multiple CCs.
Proposal 6
•	In case of sidelink CA, channel occupancy ratio is defined independently per each CC (similar to R14).

Qualcomm Incorporated:
Proposal 1: If there is overlap in one TTI and UE is not able to transmit simultaneously on multiple carrier due to limitation in available power, then UE should prioritise transmission on higher PPPP packets.
Proposal 2: If there is overlap in one TTI of same PPPP packets in different carriers then it should be left to UE implementation to perform transmission if it is constrained in terms of available power.
(Further enhancements / new resource (re) selection triggering conditions)
Proposal 3: Do not support enhancements to resource (re)selection procedure that specifically align simultaneous transmissions on multiple carriers to be on the same TTI.

NTT DOCOMO, INC.:
Proposal 1: In case of power sharing among multiple transmissions, power scaling is applied to transmission(s) associated with lower PPPP.
Proposal 2: In case of power sharing among multiple transmissions, consecutive transmissions with power scaling needs to be minimized to avoid performance loss of consecutive transmissions for certain sidelink process. Detail is FFS.
Observation 1: Trigger of resource (re)selection can be asynchronous among sidelink process.
Observation 2: Due to half duplex constraint, UE performing mode 4 sensing is not able to select a subframe, which is already selected for transmission in other carriers in the same band
Proposal 3: Mechanism to align transmission subframe of PSCCH/PSSCH in multiple carriers is not supported in Rel-15.
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