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1	Introduction
In this contribution we discuss the impact of SIB accumulation on the implicit signalling of the Epoch time for satellite assistance information.
2	Discussion
At RAN2 #118 the following was agreed:
	Implicit signalling of epochTime in SIB31 in broadcast signalling is supported


Observation 1: RAN2 has agreed the Epoch time in SIB31 can be signalled implicitly. 
This is also reflected in the current description in 36.331:
	
	SystemInformationBlockType31 field descriptions

	epochTime
Epoch time of the satellite ephemeris data and common TA parameters, see TS 36.213 [23]. The reference point for epoch time of the serving satellite ephemeris and Common TA parameters is the uplink time synchronization reference point.
epochTime is the starting time of a DL subframe indicated by startSFN and startSubframe. For serving cell, the startSFN indicates the current SFN or the next upcoming SFN after the frame where the message indicating the epochTime is received.
If the field is absent, the UE uses the starting time of the DL subframe corresponding to the end of the SI window during which the SI message carrying SIB31 is transmitted.
E-UTRAN always includes epochTime when SystemInformationBlockType31 is provided through dedicated signalling.
In case of handover or conditional handover, this field is based on the timing of the target cell, i.e. the startSFN and startSubFrame number indicated in this field refers to the SFN and sub-frame of the target cell, and UE considers the target cell epoch time (indicated by the startSFN and startSubFrame in this field) to be the frame nearest to the frame where RRCConnectionReconfiguration message is received.





However, this is problematic if the UE is accumulating the SIB31 across SI windows. The UE may choose to do so depending on the coverage conditions, e.g. UE can attempt to accumulate multiple receptions of SIB31 to improve the decoding performance.
The accumulation has been extensively discussed in RAN1, see e.g. R1-2212294. The starting point for the discussion is the legacy release 16 specification of TS 36.331, which in section “5.2.1.2a Scheduling for NB-IoT” states:
The UE is not required to accumulate several SI messages in parallel but may need to accumulate a SI message across multiple SI windows, depending on coverage condition.

At RAN1 #111 the following was concluded:
	Conclusion
SIB accumulation across SI windows for IoT NTN may be optionally supported by UE implementation without specification impact and without UE capability discussion.


Thus, for IoT NTN release 17 the UE is allowed to accumulate the SIBs across SI windows according to RAN1. 
Observation 2: RAN1 has concluded the UE is allowed to accumulate SIBs across SI windows. 
If the implicit Epoch time signalling is used it may cause confusion in the UE about the true Epoch time. The reason is that the implicit Epoch time is based on the DL subframe at the end of the SI window, but due to the accumulation of the SIBs, which can be across SI windows, the UE is not aware of which “SI window end” the network considered to be the reference for the implicit Epoch time. The issue is illustrated in Figure 1.
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[bookmark: _Ref126849312]Figure 1 Issue of epochTime reference determination for implicit signalling.
Observation 3: The UE cannot determine the Epoch time based on implicit signalling if the UE accumulates SIB31 across SI windows.
Based on the above discussion, it is evident that the implicit signalling of Epoch time in SIB31 does not work in its current form, when the UE, based on implementation decisions, chooses to accumulate across the SI windows. On the contrary, the explicit signalling of Epoch time works for the scenario of SIB accumulation, because the explicit Epoch time is given as an SFN, which could remain the same across SI windows.
Observation 4: The UE can determine the Epoch time based on explicit signalling if the UE accumulates SIB31 across SI windows, because the explicit signalling is based on SFN.
In our view, there are two ways of addressing the issue of SIB31 accumulation and implicit Epoch time:
Option A: Note for network implementation
RAN2 can add a note for network implementation to the epochTime field description to clarify that if network is not changing the SIB31 content from one SI window to the next, the network shall use the explicit Epoch time signalling. If the UE attempts to accumulate the SIB31 content across SI windows it will therefore see the same, fixed epochTime field. If the SIB31 content is changing from one SI window to the next, neither the explicit nor the implicit Epoch time signalling works.
Option B: Define a boundary for the SIB31 accumulation
If the network decides to apply the implicit signaling of the epochTime field the UE needs to be aware of which “end of SI window” the Epoch time is linked to. As noted in the above discussion this is currently not possible, but it can be addressed by defining the number of SI windows or SI periods, which the UE is allowed to accumulate (i.e. an accumulation period), and when such an accumulation period starts or ends. This information could be added to the schedulingInfo information element of SIB1. It is important to define the accumulation period such that the UE is aware which SI window within the period serves as the reference for the Epoch Time. Furthermore, the start or end of the accumulation period must be provided, such that UE and network are synchronized in terms of the accumulation period placement in the time domain. Figure 2 provides an illustration of how this solution could work. 
For example, if network defines the accumulation period is 3 SI windows or periods the network must also define the first instance in the period is e.g. at SFN = 0 such that the accumulation period is window 0 to window 2. In this way it is avoided that the UE starts accumulating e.g. window 1 to window 3 and ends up with an incorrect understanding of the SIB31’s epochTime field.
[image: ]
[bookmark: _Ref126849681]Figure 2 Proposal on SIB31 accumulation period for implicit signaling of the epochTime field.
Proposal 1: RAN2 to address the issue of SIB31 accumulation by making a note for network implementation or by defining a boundary for the SIB31 accumulation.
3	Conclusion
This document has made the following observations:
Observation 1: RAN2 has agreed the Epoch time in SIB31 can be signaled implicitly. 
Observation 2: RAN1 has concluded the UE is allowed to accumulate SIBs across SI windows. 
Observation 3: The UE cannot determine the Epoch time based on implicit signaling if the UE accumulates SIB31 across SI windows.
Observation 4: The UE can determine the Epoch time based on explicit signaling if the UE accumulates SIB31 across SI windows because the explicit signaling is based on SFN.
And proposed the following:
Proposal 1: RAN2 to address the issue of SIB31 accumulation by making a note for network implementation or by defining a boundary for the SIB31 accumulation.
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