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Introduction
One of the RAN1-lead objectives in the NTN WID [1], [2] is uplink timing enhancements for NTN. Some techniques for uplink timing advance and RACH procedure have been identified during the NR NTN study item phase [3]. 

In this contribution, we provide our views on the topics of timing advance compensation, timing advance command and RACH enhancement. 
Discussion
Timing advance compensation
Two options of timing advance (TA) acquisition are possible for UE operation in NTN. The first option is UE autonomously calculates TA, based on its known location and satellite ephemeris. The second option is network indicates TA, where the common TA is broadcasted by the network per satellite beam/cell, and UE-specific differential TA is individually indicated by the network.

Note that UEs in NTN have different capabilities. Some UEs can autonomously acquire TA, while others cannot. Hence, both options are to be supported in NTN. In supporting option 2, the common TA is assumed to be broadcasted in NTN. Before the initial PRACH transmission, a UE with option 2 knows common TA, while a UE with option 1 knows full TA. 

It is preferred that UEs with option 1 apply the full TA for its PRACH transmission for better performance. In this case, network only needs to handle the residual timing error. With the limited TA information, a UE with option 2 can only apply the common TA for its PRACH transmission.  

Proposal 1: For UEs with autonomous TA acquisition, the full TA is applied for PRACH transmission. For UEs with network indicated TA, the common TA is applied for PRACH transmission. 

Considering the possible inaccuracy of the self-calculated TA value, additional TA signaling from network to UE is beneficial for TA refinement. For example, this TA command can be contained in random access response (RAR). 

Proposal 2: For UEs with autonomous TA acquisition, support additional signaling of TA command from network to UE for TA refinement.

To support TA indication to UEs, network broadcasts common TA which is calculated based on the distance between a reference point and gNB. It was agreed that a single reference point per beam is used as baseline. It is open whether multiple reference points per beam are used for common TA calculation. The introduction of multiple reference points seems to complicate the system. Network needs to define multiple reference points and broadcast multiple TA values. Some additional procedures are needed to associate UE with a reference point. On the other hand, the advantage of setting multiple reference points is to reduce TA signaling overhead, which can be achieved via different approaches. Hence, it is not preferred to introduce multiple reference points per beam for common TA calculation. 

Proposal 3: Multiple reference points per beam are not supported for common TA calculation.  

Timing advance command 
In NR initial access, the RAR message from gNB contains a 12-bit field of timing advance (TA) command. This field indicates the index value  used to control the amount of timing adjustment. For the subsequent uplink transmissions, a timing advance value is calculated as , where  is the SCS of the first uplink transmission. It can be seen that this timing advance value is upper bound by 2 ms at .

In NTN, a single reference point per beam is considered as the baseline. This reference point is used to calculate common TA. The UE-specific differential TA is set as the round trip time (RTT) between UE and gNB minus the RTT between reference point and gNB. It is known [3] that the maximum differential delay is 10.3 ms for GEO, 3.12 ms for LEO with 600 km altitude, and 3.18 ms for LEO with 1200 km altitude. These maximum differential delay exceeds the maximum TA value expressible in the existing RAR message. Hence, some enhancements are needed for the TA command in RAR. 

Proposal 4: The TA command in RAR needs to be enhanced to indicate larger TA values.

RACH enhancement 
NTN cell has large differential delay due to large cell size. Subsequently, the RAR window size needs to be increased, at least for UEs without location information. It is mentioned [3] that the RAR window size should be at least 2 times maximum delay difference. The maximum RAR window size in 4-step RACH is 10 ms in licensed band, while the maximum delay difference of GEO is 10.3 ms. Hence, it is necessary to at least double the RAR window size for GEO NTN.

Proposal 5: The maximum RAR window size in 4-step RACH should be at least doubled for GEO NTN.

In 2-step RACH, the RAR window size is extended to 40 ms to allow the retransmissions of MsgB in case the ACK is not received at gNB. However, this scheme does not work for NTN due to the large propagation delay. To achieve the reliable transmissions of MsgB, gNB could blindly retransmit MsgB, rather than feedback based retransmissions. 

Proposal 6: Consider blind retransmissions of MsgB in 2-step RACH in NTN. 

Conclusion
In this contribution, we provided our views on timing advance enhancements for NTN. Our proposals are as follows: 

Proposal 1: For UEs with autonomous TA acquisition, the full TA is applied for PRACH transmission. For UEs with network indicated TA, the common TA is applied for PRACH transmission. 

Proposal 2: For UEs with autonomous TA acquisition, support additional signaling of TA command from network to UE for TA refinement.

Proposal 3: Multiple reference points per beam are not supported for common TA calculation.  

Proposal 4: The TA command in RAR needs to be enhanced to indicate larger TA values.

Proposal 5: The RAR window size in 4-step RACH should be at least doubled for GEO NTN.

Proposal 6: Consider blind retransmissions of MsgB in 2-step RACH in NTN. 
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