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1	Introduction
In RAN2-119bis meeting, it was agreed LCP restriction introduced for NR NTN can be reused for eMTC NTN. 
Agreement:
1. The solutions of LCP restriction on allowed HARQ mode in NR NTN can be reused for eMTC NTN.

RAN2-120 meeting further agreed the LCP mapping rules based on HARQ mode configured per HARQ process and allowed HARQ mode configured per LCH, which is same as NR NTN.
	Agreement:
For eMTC, the following LCH to HARQ process mapping rules are supported: 
1) LCH is mapped only to a HARQ process configured with HARQ mode A;
2) LCH is mapped only to a HARQ process configured with HARQ mode B;
3) If an LCH is not configured with a mapping rule, it may be mapped to any HARQ process (HARQ mode A or B).
4. If UL HARQ mode is not configured, LCH mapping rules are not supported (legacy behaviour)



However, in eMTC NTN, whether the above LCP restriction is applicable for TA (Timing Advance) report MAC CE is not clear yet. If the NR NTN solution (in which the LCP restriction based on allowed HARQ mode is not applicable for UL MAC CE, as agreement below) is reused for eMTC NTN, it may cause problem of outdated TA/Koffset at NW side which may cause UE’s UL transmission failure.
	Agreement for NR NTN:
· No new LCP restrictions are introduced for existing UL MAC CEs (if new MAC CEs will be introduced, we can revisit this)



In this contribution, we provide further analysis on the TAR MAC CE transmission issues for eMTC NTN.
2	Discussion
According to current MAC specification [1], in RRC_CONNECTED state, an eMTC UE should report TA MARC CE when the variation between current information about Timing Advance and the last reported information about Timing Advance is equal to or larger than offsetThresholdTA. All triggered Timing Advance reports shall be cancelled when a Timing Advance Report MAC CE is included in a MAC PDU for transmission.
With the introduction of two HARQ modes (i.e., HARQ mode A and HARQ mode B) for eMTC NTN in Rel-18, if we reuse the NR NTN conclusion that the new LCP restriction is not applied for UL MAC CEs, the TAR MAC CE may be transmitted in a MAC PDU no matter in UL HARQ mode A or B. However, for UL HARQ mode B, the eNB may not decode the MAC PDU correctly since HARQ mode B best supports no UL retransmission and/or blind UL retransmission (where the retransmission is not based on UL decoding result). Different from data transmission where the RLC retransmission mechanism may be triggered for transmission robustness, there is no upper layer retransmission for MAC CE. Furthermore, since the TA trigger event has been cancelled by UE once the MAC CE was included in a MAC PDU, there is no chance for TA report MAC CE to be retransmitted which means NW will fail to get the latest TA [2].  The outdated TA at NW side can be illustrated in below Figure 1 as described in [3]. 
[image: ]
Figure 1: Outdated TA at NW side due to TA Report transmission failure
At T1, UE reports TA1 and the eNB successfully obtains TA1. At T2,UE finds that TA2-TA1>Threshold and reports TA2, but the reported TA2 is not successfully obtained by the eNB. Until T3 when UE finds that TA3-TA2>Threshold, UE reports TA3 and the eNB successfully obtains TA3 as t3. This is rather optimistic case where we assume TA3 is successfully obtained by the eNB. Even in this case, the eNB does not have a valid UE TA during T2 to T3 and has to use TA1 for scheduling the whole time. It is also possible that the reporting of TA3 also fails and the time period when the eNB maintains an invalid TA will be longer. 
Observation 1: The eNB may maintain an outdated Timing Advance information if the TAR MAC CE was not transmitted to eNB successfully, especially when the MAC CE was transmitted in UL HARQ Mode B.
RAN1-106 meeting agreed that the eMTC PUSCH transmission(s) should be delayed with Koffset as compared to the transmission(s) as per current specification where the Koffset is the result of cell-specific Koffset (indicated by SIB) minus UE-specific Koffset (indicated by MAC CE).  The cell-specific Koffset is intended as a rough value that applies to all UEs in the cell while the UE-specific Koffset is a delta that is applied on the top. With the reported Timing Advance from UE, it is possible to assist network to configure the UE with a proper UE-specific Koffset, which can reduce the UL latency (e.g., the final Koffset is larger but close to the UE-eNB RTT) and improve scheduling efficiency.
	Agreement: (RAN1 #106-e)
For eMTC, on receiving an UL grant via MPDCCH that ends in DL subframe n, PUSCH is transmitted with a delay of Koffset as compared to transmission as per current specification.
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Throughout this clause, for a BL/CE UE, if the UE is configured with the higher layer parameter CellSpecificKoffset,
-	 where
	 is the parameter CellSpecificKoffset provided by higher layers, and
	 is the parameter UESpecificKoffset provided by higher layers, otherwise 
otherwise, 
-	, .



However, if the UE triggered a TA report while the TAR MAC CE was not transmitted to eNB successfully, the eNB would not know whether the UE was transmitting event-triggered TA report hence it will not update its UE-specific Koffset based on latest TA. In other words, the outdated Timing Advance information used in eNB will cause outdated UE-specific Koffset (and the final Koffset calculated in the formula). 
In this case, the eNB may continue to schedule UE with outdated Koffset and UE will perform PUSCH transmissions based on the outdated Koffset as well.  The outdated Koffset can be illustrated in below Figure 2 as described in [4].


Figure 2 An example of UE using outdated UE Koffset
Observation 2: The outdated Koffset will be used by UE for PUSCH transmission if the eNB maintain an outdated Timing Advance information.
According to current physical layer specification [4], the eMTC NTN UL transmission timing relationship (for FDD) can be illustrated as Figure 3 below. [image: ]

Figure 3: UL transmission timing for eMTC NTN
When the UE adjusts the timing advance for UL transmission, it can pose timing constraint to process and generate the UL PDU [5]. This can happen, for example, if the UE’s TA > UE's Koffset + 4 - UE's UL processing delay, i.e., the gap between slot n in UE’s DL timing and the scheduled UL transmission slot m in the UE’s UL timing is smaller than a threshold (e.g., the UL processing delay) after UE applied it TA adjustment. In this case, the UE would not be able to process and generate UL PDU in time hence cannot make UL transmission even there is UL-SCH resource available. 
The typical scenario is that UE’s TA was increased due to the increase of UE-Satellite-eNB distance while the UE transmission is still based on outdated Koffset because the reported TA was not transmitted to eNB successfully. 
Observation 3: The outdated Koffset may cause PUSCH transmission failure in eMTC NTN.
Based on above observations, we can conclude that, if NR NTN solution (in which the LCP restriction based on allowed HARQ mode is not applicable for UL MAC CE) is reused for eMTC NTN, it may cause problem of outdated TA/Koffset at NW side which may cause UE’s UL transmission failure.
Proposal 1: RAN2 confirm that, if NR NTN solution is reused by eMTC NTN in which the LCP restriction based on allowed HARQ mode is not applicable for TAR MAC CE, the UE may suffer from PUSCH transmission failure.
To avoid the outdated Koffset due to unreliable TAR MAC CE transmission, there may have two directions for the solutions: one way is to improve the TAR MAC CE transmission robustness to avoid outdated TA at network. The other way is to mitigate the PUSCH transmission failure impact caused by the outdated TA and Koffset.
In fact, the relevant issue was discussed for NR NTN in late stage of Rel-17 at email discussion [6] while the solution was not concluded due to time limitation. Several options were raised by companies:
· Option 1: Enable TA reporting triggered by NW request
· Option 2: Explicit confirmation of TA report reception (e.g. via confirmation MAC CE)
· Option 3: Implicit confirmation TA report reception (e.g., via subsequent NW scheduling)
· Option 4: UE indication of outdated TA via use of dedicated SR configuration
· Option 5: New LCP restriction to ensure TA Report MAC CE only sent on HARQ processes with HARQ mode A
· Option 6: UE triggers RACH and TA report if DL-to-UL gap after applying TA and UE specific Koffset is less than a threshold
In our understanding, the options can be further studied for eMTC NTN in Rel-18. RAN2 need to study how to transmit TAR MAC CE in a reliable way and/or mitigate the impact caused outdated TA and Koffset for eMTC NTN.
Proposal 2:  Enhancements on TAR MAC CE transmission should be considered for eMTC NTN to avoid or mitigate the outdated TA and Koffset impact.
3	Conclusion
This document has made the following observations:
Observation 1: The eNB may maintain an outdated Timing Advance information if the TAR MAC CE was not transmitted to eNB successfully, especially when the MAC CE was transmitted in UL HARQ Mode B.
Observation 2: The outdated Koffset will be used by UE for PUSCH transmission if the eNB maintain an outdated Timing Advance information.
Observation 3: The outdated Koffset may cause PUSCH transmission failure in eMTC NTN.
And proposed the following:
Proposal 1: RAN2 confirm that, if NR NTN solution is reused by eMTC NTN in which the LCP restriction based on allowed HARQ mode is not applicable for TAR MAC CE, the UE may suffer from PUSCH transmission failure.
Proposal 2:  Enhancements on TAR MAC CE transmission should be considered for eMTC NTN to avoid or mitigate the outdated TA and Koffset impact.
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