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1	Work plan related evaluation
	Do you want to modify the time budget for this WI/SI compared to what was endorsed at the last RAN meeting?
	No



If you answered No:	Then please remove the Excel file from the zip file of this status report.
If you answered Yes:	Then please fill out the attached Excel template to request a modification of the time 		budgets for your WI /SI. The Excel table has to be filled out for all affected RAN WGs and 		up to the target date of the WI/SI. The basis are the endorsed time budgets of the last 		RAN meeting. Please highlight all changes of the values.
		One time unit (TU) corresponds to ~ 2 hours in the meeting.
		If this status report covers a WI with Core and Performance part, then please have one 		line for each in the attached Excel table.
		Note: If no Excel table is attached, then this means no time budget change.
Additional explanations/motivations for the time budget changes in the attached Excel table:


2.	Detailed progress in RAN WGs since last TSG meeting (for all involved WGs)
	NOTE: Agreements and Open issues impacted cross-TSG aspects shall be explicitly highlighted
2.1	RAN1
2.1.1	Agreements
Following agreements have direct impact to Vertical_LAN WI led by SA2
During RAN1 Ad-Hoc Meeting 1901, RAN1 agreed on the following observations with respect to latency, reliability and synchronization accuracy achievable on Uu interface in the context of Industrial IoT use cases and RAN2 request from LS in R1-1812110:
	Observation:
· The reliability target of 1e-4 to 1e-6 can be achieved with Rel-15 NR for use case I with the agreed methodology and assumptions. It is RAN1 conclusion that PDCP duplication is not always available/applicable.

Observation:
· For 15 kHz SCS, the 0.5ms one-way latency target cannot be achieved with Rel-15 NR.

Observation:
· For FDD, the 0.5ms one-way latency target can be achieved for both DL and UL for 30kHz (and higher) SCS with Rel-15 NR for single shot transmission.

Observation:
For TDD:
· For 60kHz (and higher) SCS, the 0.5ms one-way latency target can be achieved with the respectively assumed UL/DL configuration for both DL and UL with Rel-15 NR for single-shot transmission. 
· For 30kHz SCS, 2 out of 3 companies report that the 0.5ms one-way latency target can be achieved with the respectively assumed UL/DL configuration, whereas 1 company indicates that it cannot be achieved with Rel-15 NR for the assumed UL/DL configuration. 



	Observation:
Based on the results provided by different companies, the following can be concluded:
· If a UE were not to apply propagation delay compensation, a gNB-to-UE timing synchronization accuracy of 
· 130 to 376ns for an ISD of 10m (3 sources)
· 215 to 506ns for an ISD of 20m (3 sources)
· 315 ns for an ISD of 60m (1 source)
· 355ns for an ISD of 114m (1 source)
· 1080ns for an ISD of 250m (1 source)
based on the RAN1 agreed evaluation assumptions can be achieved for Rel-15 NR with 15kHz SCS. The achievable accuracy without propagation delay compensation becomes worse as the ISD increases. 2 out of 6 sources note that a better synchronization accuracy can be achieved for higher SCS (i.e. the higher the SCS, the better the accuracy).
· If a UE were to apply propagation delay compensation, a gNB-to-UE synchronization accuracy of 470ns to 540ns (from a total of 4 sources) for 15kHz SCS can be achieved independently of the ISD. The synchronization accuracy with propagation delay compensation improves for higher SCS (i.e. the higher the SCS, the better the accuracy).
· For small service areas with dense small cell deployments a propagation delay compensation by the UE is not required. The propagation delay compensation needs to be applied by the TSN UEs for larger service areas with more sparse cell deployments (inter-site distances >200m to achieve a synchronization accuracy better than 1us).



The reply LS for the above was provided in R1-1901470. Furthermore, during RAN1#96 meeting, RAN1 agreed the related TP in R1-1903712, which is incorporated in TR 38.825 V1.0.0.
During RAN1 Ad-Hoc Meeting 1901, RAN1 analysed feasibility and scalability aspects of various TSN time synchronization solutions as requested by SA2 in S2-1813392. The reply was provided in R1-1901442 indicating feasibility challenges of Solution #17. RAN1 explained that scalability of solutions relying on per-UE unicast transport of (g)PTP messages “is affected by several factors, including the payload size, the frequency the payload needs to be transmitted, SINR geometry of the cell, and the overall deployment.” Additionally, RAN1 indicated that:
	RAN1 has not conducted analysis that would allow drawing firm conclusions and currently does not plan to proceed with further analysis. However, RAN1 would not expect the traffic volume of the gPTP time synchronization messages alone to cause a significant stress to the radio interface if the size and frequency of such messages is not excessive.



Following agreements have no identified cross-TSG impacts
During RAN1#96, RAN1 discussed various intra-UE multiplexing and prioritization scenarios as requested previously by RAN2 in LS in R1-1814342. The following was concluded:
	Conclusion:
· It is recommended to support the handling of scenario 1 as listed in R1-1814342 in the Rel-16 WI.
· It is recommended to allow the prioritization of configured grant over dynamic grant under some conditions in case of collision in scenario 2 as listed in R1-1814342 in the Rel-16 WI.
· It is recommended to support the handling of scenario 3 as listed in R1-1814342 in the Rel-16 WI.
· It is recommended to support enhancements for scenario 4 and 5 as listed in R1-1814342 in the Rel-16 WI.

Agreements:
For Scenario 4 and 5, RAN1 recommends considering the prioritization and/or multiplexing behaviour among URLLC/eMBB HARQ-ACK/SR/CSI and URLLC/eMBB PUSCH, including the cases with UCI on PUCCH and UCI on PUSCH.
Note: RAN1 has not conclude whether to support prioritization, or multiplexing, or both

LS to RAN2 to capture the above in R1-1903789 (Sigen, Nokia), approved with final LS in R1-1903819
R1-1903767, the TP in x3767 is endorsed

Agreements:
For scenario 2 as listed in R1-1814342, in case the collision between configured grant and dynamic grant occurs in physical layer, options to determine the prioritization between configured grant and dynamic grant include at least – to be further investigated during the WI phase:
· Priority at PHY is determined by MAC layer for the purpose of PHY prioritization.
· Note: this may or may not have any RAN1 impact
· Priority at PHY is determined via using PHY channel(s)/signal(s)/parameters for the purpose of PHY prioritization.
· It is configurable as part of the configured grant configuration whether it should have higher priority than dynamic grant in case of conflict.
· Other options are not precluded.



RAN1 recommends to support handling of scenarios 1-5 as captured in TR 38.825 V1.0.0. The agreements and conclusions were captured in the TP in R1-1903767, which was incorporated into TR 38.825 V1.0.0.
2.1.2	Remaining Open issues
None
2.2	RAN2
2.2.1	Agreements
Following agreements have direct impact to Vertical_LAN WI led by SA2
RAN2 discussed the TSN time synchronization solutions as requested by SA2 in S2-1813392 during RAN2#105 meeting and agreed on the following:
	FEASIBILITY
For solutions 17, R1 expresses feasibility concerns, and R2 concurs. 28x1 seems similar to 17 and the same feasibility concerns applies to it.
All other solutions seems feasible from R2 perspective (although all details are not known). 

PREFERENCE
The following Solution seems to have significant impact, i.e. [g]PTP time-stamping done in the AS protocol stack, and is due to this not preferred: 19. 
R2 would prefer that the User Plane AS protocol stack don’t need to interpret/understand information inside [g]PTP packets.
Assuming that [g]PTP timestamping is done outside the User Plane AS protocol stack the following solutions can be candidate solutions: 28x2, 11#2, 11#3, 11#4.

SCALABILITY
R2 has not fully assessed scalability for the different solutions, there are diverging company opinions. 


The related reply LS was approved in R2-1902369.
For accurate reference time provisioning objective, RAN2 agreed the following:
	Unicast RRC signaling is also used to distribute timing information.
signalling granularity of reference time information is =<50ns



RAN2 also provided the final reply to SA2 LS (S2-189051) on TSN integration in the 5G System with the analysis of TSN performance and synchronization accuracy in R2-1902371 with the following conclusion:
	In general, it can be concluded that NR, with some additional enhancements introduced in Rel-16, can meet the requirements in TS 22.104 with respect to latency, reliability and synchronization accuracy, as discussed above, for some network configurations and deployments. However, the performance depends on such aspects as utilized subcarrier spacing, FDD or TDD network type, backhaul type, cell density etc. For further details, SA2 can refer to TR 38.825, which will be submitted for approval to RAN#83 meeting in March 2019. 



With respect to QoS and scheduling enhancements for TSN, RAN2 has agreed the TP in R2-1900635. One aspect impacting SA2 work is that RAN2 concluded that the knowledge of TSN traffic pattern is useful for the gNB to allow it to more efficiently schedule traffic either via Configured Grants, Semi-Persistent Scheduling or with dynamic grants. RAN2 communicates this agreement in LS in R2-1902354 and requests SA2 to perform required normative work to specify the procedures allowing the gNB to receive assistance information describing established traffic flow with information such as message periodicity, message size and message arrival time at gNB (DL) and UE (UL).

Following agreements have no identified cross-TSG impact 
The TP with Ethernet header compression analysis was agreed in R2-1902355. RAN2 concluded that Ethernet header compression is beneficial in the context of IIOT. The following was also concluded in RAN2:
	There is R2 majority support for a dedicated HC scheme
Of the dedicated HC schemes, there is R2 majority support for Ethernet Header Compression specified by 3GPP/RAN2 (no ROHC profile). 



RAN2 decided also to send an LS to IETF and IEEE 802 in R2-1902372 where IETF and IEEE are asked to provide their feedback on 3GPP RAN2 plans to specify new RoHC profile or new compression algorithm for Ethernet header.

With respect to intra-UE multiplexing and prioritization, the following agreements were reached during RAN2 #105 meeting:
	RAN2 shall study resource conflicts between multiple active configured grants, in addition to Scenarios 2 and 3, part of UL data-data prioritization.
UE prioritization of a grant when there is at most one dynamic grant in the set of conflicting grants (scenario 2 and CG/CG collision) shall be addressed. MAC specifies currently the UE prioritization of such cases, and modifications to MAC would be required.
RAN2 assumes that the later dynamic grant may always be prioritized over and earlier dynamic grant (scenario 3). One way to realize this is that MAC generate a PDU for each grant and let L1 handle conflicting transmissions. To be confirmed following progress in RAN1. Other solutions are not precluded
For cases when MAC prioritizes a grant, MAC prioritizes the grant on which data of the highest priority can be transmitted according to LCP restrictions and priority configured for each LCH.



	Capture into TR 38.825 the issue that the SR triggered by URLLC cannot be sent if there is a UL-SCH resource for eMBB;
Agree and capture into TR 38.825 the solution to address the issue of collision between URLLC SR and eMBB UL-SCH may include: A prioritization rule can be defined to determine whether to transmit SR or PUSCH, e.g. based on the priority of the LCH which triggers the SR and priorities of the data to be transmitted on the PUSCH resource. 
Leave to RAN1 to discuss the potential issue related to collision between eMBB PUSCH and HARQ feedback or CSI report for URLLC.


The related TPs were agreed in R2-1902364 (with a minor change) and R2-1902363.

With respect to PDCP duplication enhancements the following was agreed during RAN2 #105 meeting:
	PDCP duplication support a configuration delivering up to 4 copies.
Up to 4 RLC entities/legs per bearer are possible to configure by RRC for PDCP duplication
The NW can dynamically control (MAC CE or similar) how a set or subset of configured RLC entities or legs are used by the UE for PDCP duplication. This does not preclude other methods of leg selection. 
The architectural combinations supported for the work on PDCP duplication enhancements are CA, DC(NR only) and DC+CA(NR Only)
R2 assumes that For PDCP duplication, all RLC entities for a RB are configured using the same RLC mode.


The related TP was agreed in R2-1902362.
The TP capturing analysis of higher layer multi-connectivity solutions impact on RAN was agreed in R2-1901354 (no impacts to SA2 work beyond what was communicated before).
2.2.2	Remaining Open issues 
None
2.3	RAN3
2.3.1	Agreements
During RAN3#103, RAN3 updated their analysis of higher layer multi-connectivity solutions and agreed the related TP in R3-191088. No further impacts to SA2 result from this change.
RAN3 also agreed a TP on RAN aspects of the TSN performance evaluation in R3-191077. The TP was incorporated into TR 38.825 V1.0.0. There are no further impacts on SA2 related to that beyond what was communicated before.
RAN3 discussed also radio access network aspects of PDCP duplication enhancements and concluded that: “Packet duplication is regarded as an effective feature to meet the reliability requirements for URLLC services but at the cost of radio resources. Hence it is important to support efficient downlink packet duplication from a RAN architecture perspective. The current Rel-15 packet duplication functionality should be taken as the baseline. Optimizations to improve resource efficiency (e.g. Selective PDCP duplication upon transmission failure, PDCP discarding, Effective PDCP duplication) are discussed without full evaluation. Potential enhancements may be possible.” The related TPs were agreed in R3-191108 and R3-191087 and incorporated into TR 38.825 V1.0.0.
2.3.2	Remaining Open issues
None
3.	Detailed progress in SA/CT WGs since last TSG meeting (for all involved WGs)
NOTE: This section only needs to be filled in for WI/SIs where there is a corresponding relevant WI/SI in SA/CT. 
3.1	SA1/SA2
3.1.1	Agreements with cross-TSG impacts
Agreements related to Vertical_LAN WI
Vertical_LAN comprises of work related to Standalone Non-Public Network, Public Network Integrated NPN, Time Sensitive Communication. Highlights 
· TSC – agreed architecture to integrate 5G System within TSN, initial set of TSC assistance parameters to support deterministic QoS and the need for QoS parameter mapping, bridge management aspects for different configuration options considered.
· NPN – agreed the essential concepts (identifier, subscription, broadcast parameters, network/cell selection, access control etc) to introduce support for standalone non-public network and public network integrated NPN, also parameter impact to corresponding procedures.
Related TSC CRs:
	S2-1902852
	CR
	23.501 CR0871R2: TSC Architecture

	S2-1902897
	CR
	23.501 CR1002: 5GS logical TSN bridge management

	S2-1902854
	CR
	23.501 CR1003: QoS parameters mapping between TSN charicters and 5G QoS

	S2-1902855
	CR
	23.501 CR1007: Introducing support TSC Deterministic QoS

	S2-1902856
	CR
	23.501 CR1008: Introducing support Hold and Forward Buffers for TSC Deterministic QoS



Related NPN related CRs:
	S2-1902812
	CR
	23.501 CR0734R5: Introducing Non-public network

	S2-1902898
	CR
	23.501 CR0757R4: Introducing support for Non-Public Networks

	S2-1902810
	CR
	23.502 CR1023: Introducing Non-public network - CAG

	S2-1902677
	CR
	23.502 CR1024: Introducing Non-public network (email approval)

	S2-1902811
	CR
	23.501 CR1004: Introducing QoS differentiation for access to PLMN services via non-public networks and vice versa (email approval)



Agreements related to 5G_URLLC WI
5G_URLLC WI has started since SA2 130#. The main progress:
- KI#1 High reliability: The KI has been concluded based on LSs from RAN WGs. The concluded solutions have been implemented in TS 23.501/502.
- KI#3 Enhancement of session continuity: Solutions concluded in study phase have been implemented in TS 23.501/502/503.
- KI#4 Division of E2E packet delay budget: The KI was concluded on SA2 131# and the basic conclusion has been implemented in TS 23.501.

[bookmark: _GoBack]Agreements related to cyberCAV WI
cyberCAV was finished in December 2018 (SA#82). 
Reply LS on TSN requirements evaluation (S1-190233) to RAN2, SA2 (cc: RAN1, RAN3): correction of interpretation of synchronisation precision.
Small corrections in TS 22.104/261: 
- definition of communication service availability (removed jitter from the definition) (S1-190405, S1-190091).
- clarification on UE-to-UE versus UE-to-network (S1-190444)
3.1.2	Remaining Open issues with cross-TSG impacts
NOTE: This section should also flag any critical dependencies that need TSG attention. 

Remaining open issues related to FS_Vertical_LAN	
1. Completing the TSC assistance information for deterministic QoS support
2. Selecting a solution for TSN Time Synchronization.
3. Solving open items related to Broadcast parameters, Network/cell selection and access control aspects for NPN, CAG.

Remaining open issues related to FS_5G_URLLC
Remaining open key issues under discussion in FS_5G_URLLC SI with RAN dependencies for NR Industrial IoT work:
- KI#7 Automatic Restoration of GFBR QoS: The KI is under discussion in SA2 for study conclusion. A LS S2-1902906 is sent to RAN WG2 and RAN WG3 for coordination on the RAN behaviour.
Remaining open issues related to cyberCAV
None
4.	References
NOTE:	This can be e.g. a list of all related Tdocs in the affected WGs since last TSG, references to LSs, produced TRs/TSs, the work/study item description or status reports of previous TSGs.
List of all agreed TPs (some implemented into TR 38.825 with corrections as per chairman notes from online RAN2 session)
R1-1903712		Text proposal for TSN requirements evaluation
R1-1903767		Text proposal on UL/DL intra-UE prioritization/multiplexing for TR 38.825 
R2-1902545		TP with missing agreement and feedback from SA1, SA2 and RAN3
R2-1902358		TP reference timing
R2-1900635		Summary of e-mail discussion on TSN traffic patterns (with TP)
R2-1902355		[104#37][NR/IIoT] Ethernet Header Compression email discussion report, TP
R2-1902364		TP on UL Data-Data Intra UE prioritization
R2-1902363		TP on Intra-UE Prioritization between UL control and data
R2-1902362		104_40NR_IIOT_ PDCPduplication_report of email discussion
R2-1901354		TP on Higher-Layer Multi-Connectivity
R2-1902373		TP with NR IIoT SI conclusions
R3-191077		RAN aspects of the TSN performance evaluation
R3-191087		Resource efficient PDCP duplication
R3-191088		Discussion on impacts of Higher Layer Multi-Connectivity
R3-191108		RAN3 conclusions for the NR_IIoT study item


List of all contributions per WG meeting

RAN1 Ad-hoc 190:
R1-1900076	Discussion on intra-UE multiplexing
R1-1900133		UL intra UE Tx prioritization for URLLC
R1-1900134		DL intra UE Tx prioritization for URLLC
R1-1900135		Power control enhancements for UL intra-UE multiplexing
R1-1900156		On evaluation of latency, reliability and TSN requirements
R1-1900182		On the Prioritized Scenarios of Intra-UE Prioritization and Multiplexing
R1-1900214		Intra-UE multiplexing and prioritization between mixed traffic priorities
R1-1900337		Discussion on intra-UE multiplexing scenarios
R1-1900376		Considerations on intra-UE transmission multiplexing & prioritisation
R1-1900499		On enhancements to intra-UE multiplexing for IIoT
R1-1900500		TSN evaluations for IIoT requirements
R1-1900597		Intra-UE prioritization for NR URLLC
R1-1900687		Physical layer aspects on DL intra-UE multiplexing
R1-1900767		Intra-UE Prioritization / Multiplexing for Scenarios 2-5
R1-1900768		L1/PHY Impacts for Intra-UE prioritization/multiplexing scenarios 6-7
R1-1900865		Discussion on explicit HARQ-ACK feedback for configured grant transmission
R1-1900866		Detailed design on multiple active configurations for configured grant transmission
R1-1900867		DL intra-UE transmission prioritization and multiplexing
R1-1900868		UL intra-UE multiplexing
R1-1900902		Traffic-type differentiation for Intra-UE multiplexing
R1-1900903		Discussion on Timing Requirements for Industrial IoT
R1-1900934		On intra-UE DL/UL prioritization for NR URLLC
R1-1900935		Discussion on the RAN2 LS on TSN requirements evaluation
R1-1900936		[DRAFT] Reply LS on TSN requirements evaluation
R1-1900975		UL intra-UE  transmission prioritization/multiplexing
R1-1901013		UL intra-UE transmission prioritization and multiplexing for NR URLLC
R1-1901072		Discussion on TSN requirements evaluation
R1-1901073		Discussion on intra-UE multiplexing
R1-1901251		Discussion on differentiation of eMBB and URLLC services
R1-1901252		Evaluation on TSN requirements
R1-1901253		Scheduling reliable retransmission
R1-1901259		Draft response to LS on TSN requirements evaluation
R1-1901262		Draft response to LS on RAN Impact analysis due to TSN
R1-1901272		Discussion on intra-UE multiplexing
R1-1901334		TSN evaluations for IIoT requirements
R1-1901353		Analysis of Time Synchronization Accuracy over Uu Interface
R1-1901387		Summary of evaluations on TSN reliability, latency and synchronization accuracy
R1-1901388		Summary of Discussions on UL/DL Intra-UE Prioritization/Multiplexing
R1-1901399		Summary of remaining details on evaluation assumptions and evaluation results
R1-1901428		Summary of Offline Discussions on UL/DL Intra-UE Prioritization/Multiplexing
R1-1901431		[DRAFT] Reply LS on TSN requirements evaluation
R1-1901436		Summary of evaluations on TSN reliability, latency and synchronization accuracy
R1-1901456		Summary#2 of evaluations on TSN reliability, latency and synchronization accuracy
R1-1901461		[DRAFT] Reply LS on TSN requirements evaluation
R1-1901470		Reply LS on TSN requirements evaluation

RAN1#96:
R1-1901698		UL intra UE Tx prioritization for URLLC
R1-1901699		DL intra UE Tx prioritization for URLLC
R1-1901700		Power control enhancements for UL intra-UE multiplexing
R1-1901774		Discussion on intra-UE multiplexing
R1-1901828		Intra-UE multiplexing and prioritization between mixed traffic priorities
R1-1901917		On intra-UE DL/UL prioritization for NR URLLC
R1-1901918		Text proposal for TSN requirements evaluation
R1-1902008		Discussion on intra-UE multiplexing scenarios
R1-1902051		Intra-UE prioritization for NR URLLC
R1-1902182		Considerations on UL Intra-UE Tx Multiplexing
R1-1902302		Discussion on intra-UE multiplexing
R1-1902337		Discussion on intra-UE multiplexing
R1-1902398		Discussion on intra-UE Tx prioritization/multiplexing
R1-1902442		Views on intra-UE DL prioritization for URLLC
R1-1902499		On enhancements to intra-UE multiplexing for IIoT
R1-1902612		Intra-UE Prioritization/Multiplexing for Scenarios 2-5
R1-1902613		L1/PHY Impacts for Intra-UE prioritization/multiplexing scenarios 6-7
R1-1902810		UL intra-UE transmission prioritization/multiplexing
R1-1902839		Views on pre-emption for UL intra UE Tx multiplexing
R1-1902876		UL intra-UE transmission prioritization and multiplexing for NR URLLC
R1-1903010		PHY-layer differentiation for Intra-UE multiplexing
R1-1903081		Intra-UE transmission prioritization and multiplexing
R1-1903082		DL intra-UE transmission prioritization and multiplexing
R1-1903157		On Intra-UE prioritization
R1-1903369		Summary of contributions on UL/DL intra-UE prioritization/multiplexing
R1-1903437		Text proposal for TSN requirements evaluation
R1-1903535		Summary of Wednesday offline discussion on UL/DL intra-UE prioritization/multiplexing
R1-1903712		Text proposal for TSN requirements evaluation
R1-1903766		Summary of Thursday offline discussion on UL/DL intra-UE prioritization/multiplexing
R1-1903767		Text proposal on UL/DL intra-UE prioritization/multiplexing for TR 38.825
R1-1903818		Summary of Friday offline discussion on UL/DL intra-UE prioritization/multiplexing

RAN2#105: 183 Tdocs, please see Agenda Item 11.7 in Tdoc list for full list of contributions

RAN3#103: 35 Tdocs, please see Agenda Item 21 in Tdoc list for full list of contributions
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