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Introduction
In the last meeting RAN2#112e, it has reached the following agreements about the issues in the MAC aspects of user plane in NTN [1]:
	Agreements on “RACH & MAC”
· RAN2 working assumption (for RRC idle. FFS for Inactive/Connected): Rel-17 UE with pre-compensation capability obtains UE specific UE-gNB RTT based on its GNSS in LEO/GEO. FFS how this is calculated and what/if anything needs to be broadcasted for the different pre-compensation methods (e.g. common TA) to help the UE to obtain the full UE-gNB RTT. 
· If the UE-gNB RTT is pre-compensated, preamble ambiguity is not an issue in Rel-17 NTN (i.e. no enhancements are necessary). FFS how and by whom the possibly multiple components of UE-gNB RTT are pre-compensated
· From RAN2 perspective, for UE with UE-specific pre-compensation as a baseline it is up to gNB implementation to ensure sufficient time on UE side for the Msg3 transmission.
· For UE with pre-compensation capability (at least for the HARQ-feedback enabled case. FFS for HARQ-feedback disabled, if supported), drx-HARQ-RTT-TimerDL is offset by UE-specific RTT (UE-gNB delay) in LEO/GEO. FFS if offset is applied to: 1) the start of the timers or 2) the timer value range (i.e. existing values within value range increased by offset)
· From RAN2 perspective, for dynamic grant, one possibility for "enabling"/"disabling" HARQ uplink retransmission at UE transmitter is without introducing an additional mechanism (i.e. gNB can send grant with NDI not toggled/toggled without waiting for decoding result of previous PUSCH transmission). FFS on the handling of RTT timers. Other solutions for enabling/disabling HARQ UL reTX are not precluded
· If the start of the ra-ResponseWindow and msgB-ResponseWindow is accurately compensated by UE-gNB RTT, ra-ResponseWindow and msgB-ResponseWindow are not extended in LEO/GEO.
· At least the following are FFS in Rel-17 NTN:
· Report UE-calculated TA in e.g. msg3/msg5/msgA
· Enhancements to RSRP-based selection mechanism of 2-step vs. 4-step RACH 
· LCP impact caused by disabling HARQ UL retransmission
· RAN2 decision on starting ra-ContentionResolutionTimer, ra-ResponseWindow and msgB-ResponseWindow is postponed until further progress in RAN1 regarding UE pre-compensation method and TA estimation accuracy.




In this contribution, we will describe our considerations on the random access procedure enhancement in MAC layer and proposals are put forward accordingly. 
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RACH timing relationship in case of SI message update
In terrestrial network, if the SI message is going to get updated, a modification period is used, i.e. updated SI message (other than SI message for ETWS, CMAS and positioning assistance data) is broadcasted in the modification period following the one where SI change indication is transmitted. When a UE receives the SI change indication in a modification period, it will apply the SI acquisition procedure starting from the next modification period. Without TA pre-compensation in TN for RACH attempt, UE can send Msg1 based on the RACH configuration in the updated SI right after receiving it. And, for the gNB, it will detect the preamble signal based on the RACH configuration in the updated SI after sending it. The corresponding timing relationship is shown in Fig.1. 


FIG. 1 Timing relationship for sending Msg1 in case of SI update.
We note that the duration between the time to send the updated SI and the earliest arrival time of Msg1 at gNB would be no smaller than , where  stands for the minimum propagation delay of the service link, and  is the processing time required for SI receiving and Msg1 preparation at UE side. In the duration, the gNB would not detect any preamble based on the previous or updated SI. For TN, the duration is quite small and the negative effect can be ignored. However, in NTN GEO/LEO(600km) scenario, the duration could be as long as 540ms/24ms, where the negative effect could not be ignored. 
In the NTN, if to transmit Msg1 with TA pre-compensation for a UE, the duration between updated SI receiving and next available RO based on the updated SI should not be smaller than . In the duration, UE cannot select any ROs for Msg1 transmission based on the RACH configurations in the previous SI. Otherwise, the Msg1 would arrive at gNB after the time of sending the updated SI. Based on the RACH configurations in the updated SI, the gNB is not able to detect the Msg1 transmitted with the previous RACH configurations.
In order to solve that problem, we suggest to configure a timing offset  for activating the RACH configurations in the updated SI. It means that gNB can detect Msg1 in the duration between the time of sending out updated SI and the time of , based on the previous RACH configurations. After the time of , gNB can detect Msg1 based on the RACH configurations in the updated SI. Accordingly at UE side, UE can select the RO before applying TA in the duration between the time of receiving updated SI  and the time of  based on the previous RACH configurations. After the time of ，UE can select RO before applying TA based on the RACH configurations in the updated SI. The timing relationship with  is shown in Fig.2. The length of  shall be no smaller than ，which is the sum of 2 times of maximum propagation delay and maximum of processing time required for SI receiving and Msg1 preparation in the network.


FIG. 2 Timing relationship of RACH in case of SI update with .

Observation1: In case of SI update in NTN, by using the same manner for RACH attempt in TN, there would be a long time for gNB not being able to detect Msg1 based on the RACH configurations in the previous or updated SI right after sending out it.
Proposal1: Configure a timing offset  for activating the RACH configurations in the updated SI.

Enhancement for RACH configuration
It comes to our attention that the coverage of each beam in NTN can be very large. For example, the satellite beam diameter can range from 50km for LEO-600 to 250km for GEO. The user distribution in the coverage of different beams can be varied greatly. For some beams, the associated user density can be very high, while for some other beams it can be very low. As a result, each beam has different radio resource requirements including the RACH resource. Based on the current RACH configuration, for each SSB, it is associated to the same amount of RACH resources, which cannot adapt to the unequal requirements of RACH resources in NTN. If we simply enlarge the amount the RACH resource associated to each SSB based on the largest requirement among SSBs, it would not be efficient since there might be a number of SSBs that need not that many RACH resources. Therefore, we suggest to enhance the RACH configuration to support that each SSB can be associated to different amount of RACH resources.

Observation2: Each beam has different radio resource requirements including the RACH resource due to the large beam diameter in NTN.
Proposal2: Enhance the RACH configuration to support that each SSB can be associated to different amount of RACH resources.

Enhancement to random access response window and contention resolution timer
In our observation the value of offset applied to timer to start the RAR window and contention resolution timer shall be set depending on the way of TA compensation to PRACH. 
If UE sends Msg1 with a full TA pre-compensation, the introduced offset can be set to zero for the start of ra-ResponseWindow, as shown in Fig.3. Because the start of ra-ResponseWindow is based on the DL timing at the UE side. Specifically, in this case, the RAR receiving window starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set, after the end of selected RO for Msg1 transmission before the full TA pre-compensation. 


FIG. 3 Starting the ra-ResponseWindow in case of full TA pre-compensation to Msg1.
If UE sends Msg1 with partial TA pre-compensation for example in the case of transparent scenario where the gNB will compensate the feeder-link delay, the introduced offset can be set to the delay compensated at gNB for detecting the Msg1, as shown in Fig.4.  


FIG. 4 Starting the ra-ResponseWindow in case of partial TA pre-compensation to Msg1.
The similar consideration to set the offset for the start of ra-ContentionResolutionTimer is applied. 
Therefore, we suggest that the offset for the start of ra-ResponseWindow and ra-ContentionResolutionTimer is determined according to the manner of TA pre-compensation in RAN1, e.g. Offset=0 with full TA compensation, and Offset=Delay with the partial TA compensation, where Delay is the delay compensated at gNB for detecting the UL signal. 
Observation3: The offset introduced to the start of ra-ResponseWindow/ ContentionResolutionTimer shall be applied to the end of transmission time of Msg1/Msg3 before the TA compensation, i.e., based on the DL timing at UE side.
Proposal3: Set the offset introduced to the start of ra-ResponseWindow/ ContentionResolutionTimer according to the manner of TA pre-compensation in RAN1. 

Conclusions
In this contribution, we have described our considerations on the random access procedure enhancement in MAC layer and put forward the following observations and proposals:
Observation1: In case of SI update in NTN, by using the same manner for RACH attempt in TN, there would be a long time for gNB not being able to detect Msg1 based on the RACH configurations in the previous or updated SI right after sending out it.
Proposal1: Configure a timing offset  for activating the RACH configurations in the updated SI.
Observation2: Each beam has different radio resource requirements including the RACH resource due to the large beam diameter in NTN.
Proposal2: Enhance the RACH configuration to support that each SSB can be associated to different amount of RACH resources.
Observation3: The offset introduced to the start of ra-ResponseWindow/ ContentionResolutionTimer shall be applied to the end of transmission time of Msg1/Msg3 before the TA compensation, i.e., based on the DL timing at UE side.
Proposal3: Set the offset introduced to the start of ra-ResponseWindow/ ContentionResolutionTimer according to the manner of TA pre-compensation in RAN1.
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