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Introduction
The new WID of NR Industrial Internet of Things (IoT) was approved in RAN#83[1]. In which, the following objective is included:
	...
3． The detailed objectives for NR TSC-related enhancements include:
· Specify accurate reference timing delivery from gNB to UE using broadcast and unicast RRC signalling (with EUTRA Rel-15 signalling solution as baseline) for synchronization requirements defined in TS 22.104) [RAN2].
· Specify enhancements to satisfy QoS for wireless Ethernet when using TSC traffic patterns, including 
· Support of provisioning, from Core Network to RAN and between RAN nodes (e.g. upon handover), of UE’s TSC traffic pattern related information such as message periodicity, message size, message arrival time at gNB (DL) and UE (UL) [RAN3].
· Support for multiple simultaneous active semi-persistent scheduling (SPS) configurations for a given BWP of a UE. [RAN2, RAN1].
· Support for shorter SPS periodicities than the existing ones [RAN2, RAN1].
· Address support for TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities, as captured in TR 38.825, section 6.5.2. [RAN2, RAN1].
· Specify Ethernet header compression based on structure-aware algorithm [RAN2].
· Ethernet header compression solution for LTE to be specified once the design principle for NR is agreed. The impacted LTE specifications to be added latest at RAN#85.


In RAN2#105bis meeting, based on the contributions, the following agreements have been achieved:
	· Confirm that we use LTE rel-15 SIB and RRC unicast based methods for reference time delivery
· The reference time information shall correspond to a reference SFN, explicitly indicated in unicast signalling, FFS if inferred from the transmission of the SIB for SIB signalling.
· R2 assumes the UE shall use the end of the reference SFN value as the precise point in time to which the reference time corresponds.
· FFS whether the reference SFN refers to time in the future, past or whether this need to mandated one way or another. 
· R2 assumes that some propagation delay compensation may be needed for distance > 200m. 
· FFS what would be the method, e.g. based on current TA, and whether this can be left for UE implementation or something need to be specified. 


Some of the FFS have already been discussed in offline email discussion of [105bis#18 NR_IIoT Synchronisation]. In this contribution, we will further discuss the remaining issues for accurate reference timing delivery in TSC.
Discussion
It has already been agreed that the accurate reference timing (time field) can be delivered from gNB to UE using broadcast and unicast RRC signaling, and the time information should have granularity no higher than 50 ns.
Based on the following consideration for CU-DU case：
· The time information in unicast RRC signaling is generated and scheduled in DU, and the time information in unicast RRC signaling and in broadcast should be generated with the same time source, for both of which are used to synchronize the time between UE and gNB.
· The time information in broadcast is time sensitive (e.g. with granularity no higher than 50 ns), which usually indicates the time of the ending boundary of the SI-window in which the SIB carrying the time information is transmitted. Furthermore, SIBx are scheduled in DU, and only the scheduling unit can know in which SI window the SIB for time information is scheduled.
It’s suggested that the time information in broadcast should be generated and scheduled in DU for CU-DU case.
Observation 1: The time information in broadcast should be generated and scheduled in DU for CU-DU case.
Basically, SIB9 can be extended for accurate reference timing delivery as like SIB16 in LTE. But according to the F1AP specification, SIB9 is generated in CU, which is not suitable for accurate reference timing (time field). 
Observation 2: SIB9 is generated in CU, which is not suitable for accurate reference timing delivery.
For simplicity, a new SIB9Bis generated in DU can be used for accurate reference timing (time field) delivery from gNB to UE by broadcast.
Proposal 1: It’s suggested to introduce a new SIB (e.g. SIB9Bis) generated in DU for accurate reference timing delivery. 

It has been agreed during SI stage[2] that the propagation delay compensation needs to be applied by the TSN UEs for larger service areas with more sparse cell deployments (e.g. for inter-site distances >200m the gNB-to-UE timing synchronization accuracy without propagation delay compensation may be worse than 1us). Usually, /2 can be used for the propagation delay compensation.




In NR, TA granularity is decided by SCS, e.g. one TA unit =, and  where  Hz and . Thus, one TA unit =.

With /2 is used for the propagation delay compensation, there have the understanding the only when the delay is larger than or equal to the TA granularity, the propagation delay compensation will have positive gains. But in fact, even propagation delay compensation is applied for small service areas with dense small cell deployments in which a propagation delay compensation by the UE is not required, e.g. the distance between UE and gNB is less than the least distance that needs propagation delay compensation, the negative effect can be negligible. E.g. the negative effect is less than TA Granularity/2, and also is less than 540ns. Therefore the requirement of 1us accurate reference timing and timing synchronization error between a gNB and a UE no worse than 540ns still can be achievable.
Observation 3: Even propagation delay compensation is applied for small service areas with dense small cell deployments, the requirement of 1us accurate reference timing delivery still can be satisfied.
Moreover, the propagation delay is related to the distance between UE and gNB, e.g. distance =delay * 3*108m/s. Thus, the relationship between SCS, TA Granularity and the least distance that needs propagation delay compensation are shown in the following table.
	

	

	TA Granularity
	The least distance that needs propagation delay compensation

	0
	15
	520ns
	156m

	1
	30
	260ns
	78m

	2
	60
	130ns
	39m

	3
	120
	65ns
	19.5m

	4
	240
	32.5ns
	9.75m


In order to accurately control when to perform propagation delay compensation, the following two possible solutions have been mentioned:
Solution 1: gNB can send an indication for propagation delay compensation when the maximal cell radius is less than or equal to the least distance that needs propagation delay compensation.
Solution 2: gNB can send an RSRP threshold for propagation delay compensation. Taken into account that the larger the distance between UE and gNB is, the less the RSRP value is. When the RSRP value is less than the RSRP threshold, the UE considers that the distance between UE and gNB is larger than the least distance that needs propagation delay compensation, and begins to apply propagation delay compensation. 
For the solution 1, the maximal cell radius is difficult to be accurately determined. Furthermore, the least distance that needs propagation delay compensation depends on the SCS setting. Once the SCS setting changes, the least distance that needs propagation delay compensation will also changes, even the maximal cell radius is fixed. All these issues would make it difficult for gNB to set the indication for propagation delay compensation. 
For the solution 2, taken into account the different radio channel fading scenarios exist, the RSRP value change is not always linear with the distance between UE and gNB. Therefore, it is difficult to estimate the distance between UE and gNB based on the RSRP value.
Observation 4: It is difficult to accurately control when to perform or stop propagation delay compensation. 

Based on observation 3 and 4, we suggest that UE performs propagation delay compensation with /2 regardless of the distance between UE and gNB. 

Proposal 2: It’s suggested that UE performs propagation delay compensation with/2regardless of the distance between UE and gNB. 
There exists the case that the valid TA may be not available for UE when receiving time info, especially for idle mode UE. But considering that the accurate time delivery from gNB to UE is mainly used to synchronize the timing between UE and gNB for time sensitive communication and the time sensitive communication usually be performed in RRC_CONNECTED mode, we think this is not big issue. If valid TA is not available for UE when receiving time info, UE can record the time info and start a slave clock, or UE can update the time clock based on the time info. Once valid TA is obtained, UE can apply the propagation delay compensation based on the obtained TA. That means the time info receiving and propagation delay compensation can be performed in different opportunities.
Proposal 3: UE can apply the propagation delay compensation till valid TA is available. Whether the TA is valid is left to UE implementation.
To support TSC service, the gNB should deliver the accurate reference timing to UE and the time granularity should satisfy the TSC delay accuracy requirement. However, as delivering accurate reference timing will cost extra radio resource, we can assume not all the cells will support such higher accurate reference timing delivery. Moreover, anyway there exists some legacy gNBs which cannot support higher accurate reference timing delivery. As a result, TSC services will be supported under only part of gNBs/cells. If a TSC UE camps on a cell without higher accurate reference timing delivery, it cannot perform TSC service normally, which will impact the TSC service availability. 
Observation 5: If a TSC UE camps on a cell without higher accurate reference timing delivery, it cannot perform TSC service normally, which will impact the TSC service availability.
Then RAN2 needs to discuss what the expected UE behavior is if a UE capable of TSC service camps on a cell without higher accurate reference timing delivery. For example, such UE may not trigger any TSC service or try its best to re-select to another cell with accurate reference timing delivery with some assistant information in neighbor cell configuration.
Proposal 4: RAN2 needs to discuss the TSC UE behavior if the camped cell cannot deliver the desired higher accurate reference timing.

[bookmark: OLE_LINK1]Conclusions
In this contribution, we make the following observation and proposals:
Observation 1: The time information in broadcast should be generated and scheduled in DU for CU-DU case.
[bookmark: _GoBack]Observation 2: SIB9 is generated in CU, which is not suitable for accurate reference timing delivery.
Observation 3: Even propagation delay compensation is applied for small service areas with dense small cell deployments, the requirement of 1us accurate reference timing delivery still can be satisfied.
Observation 4: It is difficult to accurately control when to perform or stop propagation delay compensation. 
Observation 5: If a TSC UE camps on a cell without higher accurate reference timing delivery, it cannot perform TSC service normally, which will impact the TSC service availability.

Proposal 1: It’s suggested to introduce a new SIB (e.g. SIB9Bis) generated in DU for accurate reference timing delivery. 

Proposal 2: It's suggested that UE performs propagation delay compensation with/2 regardless of the distance between UE and gNB.
Proposal 3: UE can apply the propagation delay compensation till valid TA is available. Whether the TA is valid is left to UE implementation.
Proposal 4: RAN2 needs to discuss the TSC UE behavior if the camped cell cannot deliver the desired higher accurate reference timing.
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