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Introduction
[bookmark: _GoBack]A new study WID was agreed in RAN #86 meeting [1], and RAN1 related part is started from this RAN1 meeting. One objective is to study and recommend necessary changes to support NB-IoT and eMTC over satellite, reusing as much as possible the conclusions of the studies performed for NR NTN in TR38.821. This objective will address the following items related to RAN1:
· Aspects related to random access procedure/signals [RAN1, RAN2]
· Mechanisms for time/frequency adjustment including Timing Advance, and UL frequency compensation indication [RAN1, RAN2]
· Timing offset related to scheduling and HARQ-ACK feedback [RAN1, RAN2]
· Aspects related to HARQ operation [RAN2, RAN1]
In this contribution, we discuss possible enhancements on UL time and frequency synchronization, and give some proposals based on the discussion. 
Enhancements on UL time synchronization
1 
2 
2.1 
2.2 
For IOT over NTN, GNSS capability in the UE is taken as a working assumption. For GNSS-capable UE, roundtrip delay can be estimated based on position or timestamp as discussed for NR NTN. For position based TA estimation, the distance between UE and Satellite can be determined based on Satellite’s position derived by Satellite ephemeris indication and UE’s position derived via GNSS implementation. For timestamp based TA estimation, the difference of time between UE and network can be determined based on timestamp indicated by network and UE’s local time derived via GNSS implementation. 
GNSS implementation to derive UE’s position or local time will consume more or less UE power consumption. However, the overall UE power consumption on TA estimation can be acceptable if TA estimation is performed only once for PRACH transmission of initial access procedure. TA command indicated in RAR can be used on top of UE’s estimated TA to acquire the remaining TA caused by TA estimation error. After RRC-connection is setup, TA adjustment can be indicated by eNB to maintain TA. Therefore, TA estimation needn’t be frequently performed except initial access. 
In addition, if an initial TA acquired via TA estimation is used for PRACH transmission, current PRACH preamble can be directly reused and needn’t be enhanced. Therefore, TA estimation should be supported for GNSS-capable UE at least for initial access.
Proposal 1: TA estimation should be supported for GNSS-capable UE at least for initial access.
In the WID description [1], transparent payload is identified as an applicable scenario as showed as in Figure 1. In that case, the full TA includes common TA (2*Delay_0, i.e., roundtrip delay of feeder link) and UE specific TA (e.g., 2*Dealy_1 for UE-A, 2*Delay_2 for UE-B, i.e., roundtrip delay of service link). If TA estimation is based on timestamp, the estimated roundtrip delay between UE and network can include UE specific roundtrip delay of service link and common roundtrip delay of feeder link. If TA estimation is based on position, only UE specific roundtrip delay of service link and UE can be estimated, and the common roundtrip delay of feeder link cannot be estimated. If full TA needs to be compensated by UE to align UL and DL frame timing at eNB side, common TA should be indicated by eNB to cover the roundtrip delay of feeder link.
Proposal 2: Common TA should be indicated to cover the roundtrip delay of feeder link at least for position based TA estimation.


Figure 1    A scenario with transparent payload
In the last RAN1 meeting, one agreement on Koffset was achieved as following:
The following aspects of Koffset are not to be studied further and can at least rely on decisions made in the NR NTN WI:
· Explicit or implicit indication in system information
· Support UE-specific Koffset after initial access
This means UE-specific Koffset will be supported for IOT over NTN. At gNB side, UE-specific Koffset should be derived based on UE’s full TA, i.e., combination of UE specific TA and cell common TA. So, UE’s estimated TA, i.e., UE specific TA should be reported to gNB. Actually, TA estimation and reporting may not be frequently needed during RRC connected mode, wherein closed loop TA command signaling can maintain TA and make the same understanding of TA value between UE and gNB, except that UL synchronization is lost.  Therefore, TA estimation and  reporting  can be only needed during initial access, RRC connection setup and UL synchronization loss. Thus, UE power consumption on TA reporting can be acceptable. 
Proposal 3: Reporting of UE’s estimated TA should be supported.
One main difference between NR and IOT is a large number of repetitions for coverage enhancement, e.g., UL repetition number is up to 1024 for NPUSCH and 2048 for NPRACH. During long UL transmission, a fixed TA value for pre-compensation is not preferred considering TA drift. UE can update TA during long UL transmission and apply the updated TA for partial UL repetitions. Similar to normal TA maintenance, both UE specific TA estimation and TA drift rate can be used to update TA during long UL transmission.
Proposal 4: Pre-compensated TA value can be updated based on UE specific TA estimation and/or TA drift rate during long UL transmission.
Enhancements on UL frequency synchronization
Similar to TA estimation, UE specific frequency offset corresponding to service link can also be estimated by GNSS-capable UE based on Satellite ephemeris indication. The estimated UE specific frequency offset can be pre-compensated for UL transmission at UE side. Different from TA estimation, UE’s estimated frequency offset needn’t be reported to eNB since there is no any benefits. For common specific frequency offset corresponding to feeder link, it can be post-compensated at Gateway side.
Proposal 5: Frequency offset estimation should be supported by GNSS-capable UE for pre-compensation. 
Conclusions 
In this contribution, we discussed the enhancements on UL time and frequency synchronization. Our proposals are summarized below:
Proposal 1: TA estimation should be supported for GNSS-capable UE at least for initial access.
Proposal 2: Common TA should be indicated to cover the roundtrip delay between Satellite and Gateway at least for position based TA estimation.
Proposal 3: Reporting of UE’s estimated TA should be supported.
Proposal 4: Pre-compensated TA value can be updated based on UE specific TA estimation and/or TA drift rate during long UL transmission.
Proposal 5: Frequency offset estimation should be supported by GNSS-capable UE for pre-compensation.
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