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	21. Study on NR Industrial IoT

SID [NR_IIoT]: RP-182090 (target: RAN #83) [TU: 1.5 (1.5)]

	21.1. General

Scenarios, time plan, skeletons, BLs

RAN3 should wait for further progress in RAN2/SA2 regarding the feasibility of timing solutions based on transparent delivery

	R3-190008
	Response to LS on redundant transmission for URLLC (RAN WG1)
	LS in

Move to 21.1

Cc

noted

	R3-190013
	Reply LS on redundant transmission for URLLC (RAN WG2)
	LS in

Move to 21.1

Cc
noted

	21.2. Enhancements for Data Duplication and Multi-Connectivity

	21.2.1. Support for Resource-Efficient PDCP Duplication

e.g. coordination between nodes for PDCP duplication activation to ensure resource efficiency (avoiding unnecessary duplicate transmissions etc.)

	R3-190388
	Considersion on Resource-Efficient PDCP Duplication (ZTE Corporation)
	discussion

noted

	R3-190371
	Consideration on PDCP duplication status at network side (CATT)
	discussion

noted

	R3-190217
	Selective duplication upon transmission failure (Nokia, Nokia Shanghai Bell)
	pCRr, TS 38.825 v0.0.1, Rel-16, Cat. 

noted

	R3-190859
	Resource efficient PDCP duplication (Huawei)
	pCRr, TS 38.825 v0.0.1, Rel-16, Cat. 

Noted

CB#02 TP_PDCP_Duplication_Efficient

Start from TP in R3-190859
Clarification on the issues listed

TP for Conclusion

(HW)

Rev in R3-191087

	R3-190815
	Effective duplication of PDCP PDU (Ericsson)
	pCRr, TS 38.825 v0.0.1, Rel-16, Cat. 

noted

	Resource-Efficient PDCP Duplication:
ZTE:

Proposal 1:   Whether to support per-packet level duplication by radio quality should be firstly discussed and decided by RAN2.

Proposal 2: In order to achieve smart scheduling for duplicated data, the hosting node may provide some assistance information including QOS information(e.g. QFI or 5QI) of the packet and time related  information of the packet for the delay budget. 

Proposal 3:   The mentioned assistance information could be added into DL USER DATA PDU over NR-U interface (X2/Xn/F1). 
CATT:

How do two different MAC entities know each other’s PDCP activation / deactivation status？
Proposal: To support the solution to improve efficiency of PDCP activation / deactivation.

NN:

Selective duplication upon transmission failure (Downlink)
A duplicate packet is transferred over Xn interface but held (i.e. buffered) at the secondary node until further indication is received e.g. from the master node, which is related to the status of the other copy of the packet (i.e. received or not received by the UE), whereupon the duplicate is timely processed, being either discarded or immediately transmitted. This is referred to as selective duplication upon transmission failure.

HW:

The DL PDCP discard can be used as baseline for further resource efficient PDCP duplication. 
Selective PDCP duplication shall be further studied in WI phase with more gains analysis.
On resource efficient duplication, the following aspects shall be further studied in the WI phase
Efficient DL PDCP discard;

E///: Not clear on the meaning HW: use DDDS as the start point, for PDCP supplication copies, how to discard the duplicate one

E///: Efficient DL PDCP duplication, not only focus on the discard 

CMCC: if only two RLCs are enough, whether it is needed  HW: RAN2 will make decision on four copies 

Selective PDCP duplication.
  NN: also includes enhancement to the delivery case? HW: packet to be duplicated is selective

  NN: hold some duplication packets  HW: Performed by CU, needs further study

  NN: Good to start from HW’s TP, how to handle the duplication enhancement on UE side. Solutions impact on UE should be discussed in RAN2. RAN3 discusses the solutions purely within RAN3 scope. 
E///:

Effective duplication of PDCP PDU

To enhance the resource efficient PDCP duplication, the corresponding node reports the other PDCP PDUs that are not delivered in-sequence, between the highest successfully in sequence delivered and the highest transmitted. The node hosting PDCP entity, when collecting this knowledge from the different duplicated legs, could conclude what has been actually delivered to the UE. 


	21.2.2. Support for PDCP Duplication with More than 2 Copies

e.g. leveraging a combination of DC and CA – data is transmitted from 2 notes at most

	R3-190433
	Support for PDCP Duplication with More than 2 Copies (Samsung)
	discussion

noted

	R3-190218
	Duplication with multiple legs in SgNB (Nokia, Nokia Shanghai Bell)
	pCRr, TS 38.825 v0.0.1, Rel-16, Cat. 

noted

	R3-190860
	PDCP duplication with more than 2 copies (Huawei)
	pCRr, TS 38.825 v0.0.1, Rel-16, Cat. 

noted

	R3-190816
	Multiple duplicate handling (Ericsson)
	discussion

noted

	R3-190576
	Resource-efficient of multi-leg PDCP duplication (CMCC)
	discussion

noted

	PDCP Duplication with More than 2 Copies
Samsung:

Observation 1:In DL, Duplication Activation/Deactivation decision can be based on existing assistant information reported by the assisting node for “more than two legs” case. 

Observation 2:In UL, re-using Duplication Activation/Deactivation MAC CE is not applicable for “more than two legs” case.

Proposal:
It is proposed to enhance the current UL duplication activation method, e.g. the hosting node provides UL duplication threshold to the assisting nodes.

NN:

Proposal 1: Support configuration of multiple legs in a node.

Proposal 2: Indicate which legs should be used in a node to transfer a packet.

Proposal 3: Allow a node to transfer a packet using a different leg. 

Proposal 4: Duplicate a packet in a node to transfer the packet over multiple legs.

Up to four (4) RLC entities may be configured for PDCP duplication. If multiple RLC entities are configured in SgNB, MgNB sends only one copy of the packet over Xn and indicates, potentially dynamically, which of the SgNB entities should be used for duplication.

HW:

On PDCP duplication with more copies, the following aspects shall be further studied in the WI phase
Up to four TNL tunnels are setup over F1 or Xn interface;

To assist the DL PDCP duplication, the corresponding node may signal the RLC entities (up to two) used for packet duplication activation suggestion, and the radio quality assistance information towards each RLC entity;

The CU-CP may signal which F1-U tunnels (up to two) can be used for the duplication.  

E///:

Transmitting only two duplicates among multiple configured potential duplication paths may fulfil reliability targets while still being resource efficient.

Focus on improving resource efficiency e.g. by limiting number of duplicates sent when more than two duplication paths are available.

CMCC:

Proposal1: It is proposed not to increase the number of activated legs in Rel-16.
Proposal2: More study for the solutions of the RLC bearer-level duplications activation/deactivation may be considered in RAN3.
E//: combine with PDCP duplication issue NN: Solutions should be the second step after RAN2 conclusion

HW: agree with NN, wait for RAN2 progress

PDCP Duplication with More than 2 Copies should be in the scope of WI



	21.2.3. Potential Impacts of Higher Layer Multi-Connectivity

As studied by SA2

	R3-190390
	Further Discussion on Higher Layer Multi-Connectivity (ZTE Corporation)
	discussion

noted

	R3-190391
	Draft LS to SA2 on approved redundant transmission solution (ZTE Corporation)
	discussion

noted

	R3-190370
	Discussion on impacts of Higher Layer Multi-Connectivity (CATT)
	discussion

noted

CB#03 TP_Higher_Layer_Multi-Connectivity
Capture solution7 in TR, keep other solutions

Update on solutions in TR, if agreeable

(CATT)

Rev in R3-191088

	R3-190560
	Remaining RAN impacts for higher layer multi-connectivity in IIoT (LG Electronics)
	pCRr, TS 38.825 v0.1.0, Rel-16, Cat. 

noted

	R3-190861
	Higher layer duplication for IIoT (Huawei)
	pCRr, TS 38.825 v0.0.1, Rel-16, Cat. 

noted

	R3-190817
	Further discussion on Higher Layer Multi-Connectivity related to the Key Issue 1 (Ericsson)
	pCRr, TS 38.825 v0.0.1, Rel-16, Cat. 

noted

	Impacts of Higher Layer Multi-Connectivity
ZTE:

Proposal 1: For solution#1, SA2 is kindly asked to clarify whether two redundant PDU sessions need to be established/or released simultaneously by RAN.
Proposal 2: Using one gNB with multiple DUs for extensive area coverage deployment is assumed to be very common scenario in 5G, in such case, only one CU(hosting PDCP) could be used to connect with different UPFs via N3 tunnel. SA2 is kindly asked to clarify how to support a gNB with multiple DUs deployment  scenario in solutin1.
Proposal 3: For solution#1, SA2 is kindly asked to clarify whether it is valid for RAN setting up two N3 tunnels with different CU-UPs  within one gNB toward to different UPFs.

Proposal 4:  For solution#4, SA2 is kindly asked to clarify  how the RAN selects a N3 tunnel to send uplink data in case the redundant transmission of specific QOS flow is not indicated by AMF (e.g. whether the AMF need to indicate the main N3 tunnel).
TP updates on Solution1 and 4, LS to SA2 with clarification questions for Solution1&4

CATT:

Proposal 1：Capture the above analysis on Solution #7 in TR38.825 and remove solution #2 
LG:

Capture Solution7

HW:

Proposal 1. To update the higher-layer multi-connectivity in TR 38.325 according to SA2 agreements.

Proposal 2. RAN3 is expected to define the signalling procedures for the redundant transmission in WI phase

E///:

RAN3 to discuss and capture the RAN impact analysis in TR 38.825



	21.3. Enhancements for Time-Sensitive Networking

	21.3.1. Support for Accurate Reference Timing Delivery

Previous summary of offline disc (R3-186221), noted

- How to deliver time information to gNBs operating in a TSN network (e.g GNSS, gPPT, etc).

- Whether and how to achieve synchronization between gNB and UPF and between gNBs operating in a TSN network.

- What is the achievable synchronization accuracy from RAN network perspective.

 To be continued...

Previous agreed reply LS to RAN2 on TSN requirements evaluation in R3-187252

	R3-190009
	Reply LS on RAN Impact analysis due to TSN (RAN WG1)
	LS in

Cc

	R3-190010
	Reply LS on TSN requirements evaluation (RAN WG1)
	LS in

cc

	R3-190026
	Reply LS on TSN requirements evaluation (SA WG1)
	LS in

cc

	R3-190216
	RAN aspects of the TSN performance evaluation (Nokia, Nokia Shanghai Bell, Qualcomm Incorporated)
	pCRr, TS 38.825 v0.0.1, Rel-16, Cat. 

HW: Fomular is needed? Wording needs to be refined

E///:need more discussion

CB#01 TP_TSN_accuracy_and_latency

Simplify the TP

Any other potential issues?
(NN)

Rev in R3-191077

	R3-190037
	LS on RAN Impact analysis due to TSN (SA WG2)
	LS in

Cc
noted

	R3-190240
	TSN integration (CATT)
	Discussion
Response to SA2 that from RAN point of view solution 11 option 2, 3 and 4 have minor impact, they could be further considered; meanwhile, the solutions 11, 17 and 19 should be eliminated due to complexity. 
noted

	R3-190863
	TSN synchronization solutions (Huawei)
	pCRr, TS 38.825 v0.0.1, Rel-16, Cat. 
Proposal 1：Solution#11-2, Solution #11 -3, Solution #28 and Solution 19 are feasible from point view of RAN. Solution #11 Options 3 and Solution #28 is preferred as they bring no RAN2 impact.
Proposal 2: For Solution #11 Options 3 and Solution #28, the internal clock synchronisation between UPF and 5G internal clock is up to implementation.

noted

	R3-190393
	Analysis on RAN impacts for TSN solutions (ZTE Corporation)
	discussion

Proposal 1: For Alt1, we suggest SA2 to confirm whether we can assume that the TSN GM clock quality is good enough and there is only one TSN GM time domain.

Proposal 2: For Alt2, we suggest SA2 to provide evaluation about the frequency of timing information delivery.

Proposal 3: The Alt3 is not preferred.

Proposal 4: The Alt4 is not preferred.

Proposal 5: The Alt5 is not preferred. 

Proposal 6: For Alt6, we suggest SA2 to clarify whether the PTP message can only be transmitted associated with a data PDU packet. If not, SA2 also needs to evaluate the frequency of timing information delivery.

noted

	R3-190574
	Support for Accurate Reference Timing Delivery (CMCC)
	discussion

noted

	R3-190230
	Impacts of accurate reference timing delivery on F1 interface (Nokia, Nokia Shanghai Bell)
	pCRr, TS 38.825 v0.0.1, Rel-16, Cat. 

noted

	R3-190862
	TSN synchronization requirements and scenarios (Huawei)
	pCRr, TS 38.825 v0.0.1, Rel-16, Cat. 

noted

	TSN synchronization solutions:

RAN3 is cc on the LS, pending to RAN2 reply

TSN architecture:

CMCC:

For CU-DU split case:

Option1: Both the CU and DU receive the TSN timing information via direct connectivity with the TSN master clock or UPF, e.g. via underlying PTP compatible transport network by having an embedded TSN client within the CU and DU.

Option2: In this option as shown in Figure 6, the CU, which has direct connectivity with the TSN master clock or UPF, acts as boundary master clocks towards DU. CU conveys time information to DU via 5G specific signalling, e.g. via 5G DL RRC Message transfer or system information delivery command for TSN timing transfer.

RAN3 determines which architectures could be applied in the TSN scenario based on the RAN2 and RAN1 feedback.

NN:

SIB9:

If SIB9 is encoded in the gNB-CU, then to achieve the necessary time synchronization accuracy the gNB-CU must know.

RAN3 could consider encoding SIB9 in the gNB-DU, e.g. to avoid synchronization requirement between CU and DU, and/or dynamic signalling from DU to CU of the scheduling timing of SIB9.

HW:

Inter-gNB case:

Option1: All gNBs are synchronized to the same master clock, i.e. the TSN master clock.

Option2: All gNBs are synchronized to the same 5G internal clock (e.g. via GPS).

Option3: All gNBs are synchronized to each other through interaction, i.e. via Xn signaling.
In case of CU-DU split, the reference timing provided to UE is generated by DU.

HW:RAN2 made details analysis on TSN solution, RAN3 should only focus on CU-DU split case

NN: Agree with HW, capture as TP
E///: See how RAN2 progresses, no rush 

NN: Not mean to reach an agreement, TP gives some knowledge to RAN2

ZTE: Similar view with E///

Work will be continued in WI phase.



	21.3.2. Others

	21.4. Others

	R3-190864
	Qos enhancement for IIoT (Huawei)
	Discussion
Proposal 1: New QoS profiles are needed in RAN to fulfil the diverse requirements of TSN. 

Proposal 2: New QoS characteristics, e.g. traffic pattern, survival time and synchronicity requirements should be obtained in RAN to fulfil the diverse requirements of TSN. Further input from other groups is expected.

noted


