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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:
	...

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 this contribution, we will discuss the RAN3 impacts on accurate reference timing delivery from gNB to UE using unicast RRC signalling.
Discussion

As is known that Ciphering and Integrity Protection are performed in PDCP entity, and PDCP entity is located in gNB-CU in the gNB-CU and gNB-DU splitting case, the unicast RRC signalling used for accurate reference timing delivery should be encoded in gNB-CU.

Observation 1: unicast RRC signalling used for accurate reference timing delivery should be encoded in gNB-CU.

In RAN2#105bis meeting, for the accurate reference timing delivery from gNB to UE using unicast RRC signalling, it is agreed that:

	The reference time information shall correspond to a reference SFN, explicitly indicated in unicast 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.


In RAN2#106 meeting, for the accurate reference timing delivery from gNB to UE using unicast RRC signalling, it is further agreed that:

	The UE considers the frame indicated by the referenceSFN nearest to the frame where the time information is received, which can be either in the past or in future, in case the time reference information is provided by unicast signalling 


 According to the current spec and RAN3 progress, we can have the following common understanding.

Only gNB-DU can provide accurate time information(e.g. SFN and the time at the end of the SFN, which the gNB-CU cannot provide)
No signalling (e.g., F1 signalling) is supported to transfer the accurate time information from gNB-DU to gNB-CU.

SIB9 is encoded at gNB-CU, and the gNB-DU is allowed to re-encode SIB9.
Observation 2:  Per the current spec, only gNB-DU can provide accurate time information, e.g. gNB-CU cannot provide it.
Unlike SIB9 which does not involve Ciphering and Integrity Protection, and can be re-encoded in gNB-DU,  unicast RRC signalling used for accurate reference timing delivery can not be re-encoded in gNB-DU for it involves Ciphering and Integrity Protection, which can not be performed in gNB-DU for the related key cannot be obtained in gNB-DU.  

Observation 3: Unicast RRC signalling used for accurate reference timing delivery can not be re-encoded in gNB-DU.

Generally, there are the following methods to solve this problem[2]:

gNB-CU synchronizes time information with gNB-DU accurately and gNB-CU maintains the SFN information. 
This mechanism impacts the gNB-CU greatly. E.g. SFN information maintaining and time synchronization from gNB-DU to gNB-CU will increase the gNB-CU workload greatly.  
gNB-DU periodically reports the referenceSFN and the time at the ending boundary of the referenceSFN to gNB-CU, and the period should be less than 1024 SFN(e.g. to avoid ambiguity by SFN wraparound ).
This mechanism does not involve SFN information maintaining in gNB-CU, but needs frequent time information reporting from gNB-DU to gNB-CU, which will increase unnecessary workload between gNB-CU and  gNB-DU in some cases, e.g. when there is infrequent Unicast RRC signalling used for accurate reference timing delivery. But in same cases, it can avoid unnecessarytime information reporting frequency from gNB-DU to gNB-CU, e.g. when there is very frequent Unicast RRC signalling used for accurate reference timing delivery. 

gNB-DU sends the referenceSFN and the time at the ending boundary of the referenceSFN to gNB-CU on demand(e.g. it is sent only when gNB-CU requests it).
This mechanism only involves one-shot time information report per gNB-CU request, can decrease the time information reporting frequency from gNB-DU to gNB-CU in some cases, e.g. there is infrequent Unicast RRC signalling used for accurate reference timing delivery.
Based on the consideration above, time information reporting periodically or on-demand from gNB-DU to gNB-CU should be supported, and gNB-CU can configure which reporting method can be used. E,g, the time information reporting periodically can be triggered when there is frequent Unicast RRC signalling used for accurate reference timing delivery to be transmitted; the time information reporting on demand can be triggered when there is infrequent Unicast RRC signalling used for accurate reference timing delivery to be transmitted.  
Proposal 1:  Periodically or on-demand time information reporting from gNB-DU to gNB-CU should be supported.

Proposal 1a: Time information reporting from gNB-DU to gNB-CU should include the information of the referenceSFN and the time at the ending boundary of the referenceSFN.

Proposal 1b: gNB-CU can configure whether periodically time information reporting or on-demand time information reporting is activated.

Base on the discussion above, we provide the related corresponding CR [3]. 
Conclusions

In this contribution, we make the following observations and proposals:

Observation 1: unicast RRC signalling used for accurate reference timing delivery should be encoded in gNB-CU.

Observation 2:  Per the current spec, only gNB-DU can provide accurate time information, e.g. gNB-CU cannot provide it.

Observation 3: Unicast RRC signalling used for accurate reference timing delivery can not be re-encoded in gNB-DU.

Proposal 1: Periodically or on-demand time information reporting from gNB-DU to gNB-CU should be supported.

Proposal 1a: Time information reporting from gNB-DU to gNB-CU should include the information of the referenceSFN and the time at the ending boundary of the referenceSFN.

Proposal 1b: gNB-CU can configure whether periodically time information reporting or on-demand time information reporting is activated.
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