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Introduction
[bookmark: _GoBack]During the SI of NTN, the following features for random access procedure enhancement in MAC layer have been identified[1]:
· Definition of an offset for the start of the ra-ResponseWindow for NTN and extension of the ra-ResponseWindow duration to support UE without location information.
· Introduction of an offset for the start of the ra-ContentionResolutionTimer to resolve Random access contention
· Solutions for resolving preamble ambiguity and extension of RAR window.
· Adaptations for UEs with GNSS capabilities; timing advance and msg3 scheduling.
In this contribution, we will describe our considerations on the random access procedure enhancement in MAC layer and proposals are put forward accordingly. 
[bookmark: OLE_LINK1]Discussions
Enhancement to random access response window and contention resolution timer
In the TR 38.821, it mentioned that an offset needs to be introduced for the start of ra-ResponseWindow and ra-ContentionResolutionTimer due to the large propagation delay in NTN. However, in our observation the necessity of the offset depends on the way of TA compensation to PRACH. If UE sends Msg1 without any TA pre-compensation, an offset is necessary to introduce for the start the ra-ResponseWindow, as shown in Fig.1. 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 an offset by the end of Msg1 transmission.   
[image: ]
FIG. 1 Starting the ra-ResponseWindow in case of no TA pre-compensation to Msg1.
However, If UE sends Msg1 with a full TA pre-compensation or a common TA pre-compensation, it is not necessary to introduce an offset for the start the ra-ResponseWindow, as shown in Fig.2. 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 Msg1 transmission before TA pre-compensation. 
[image: ]
FIG. 2 Starting the ra-ResponseWindow in case of TA pre-compensation to Msg2.
The similar consideration to introduce an offset for the start of ra-ContentionResolutionTimer is applied. Therefore, we suggest that whether to introduce an offset for the start of ra-ResponseWindow and ra-ContentionResolutionTimer is determined after the confirmation of TA pre-compensation on Msg1 in RAN1.
Proposal1: It is suggested that whether to introduce an offset for the start of ra-ResponseWindow and ra-ContentionResolutionTimer is determined after the confirmation of how to apply TA pre-compensation to Msg1 transmission in RAN1, since the necessity of this offset depends on whether TA pre-compensation is applied to Msg1 or not.

Solutions for resolving preamble ambiguity 
It is possible that any two UEs sending preambles on two different ROs while the two preambles fall in the same preamble receiving window which is corresponding to one RO. That leads to the problem of preamble ambiguity, where the gNB might not associate the received preamble to the right RO. Actually, in the terrestrial network, it has the same problem since the time gap between any two adjacent configured ROs can be zero or smaller than 2 * maximum differential propagation delay within the cell. 
In our observation, a gNB can recognize the candidate ROs associated to the detected preamble and send all the possible RARs in the PDSCHs scrambled with RA-RNTIs corresponding to the candidate ROs. And let UEs identify which RAR as its target RAR. 
For example, as shown in Fig.3, UE1 sends preamble ID1 with RO1 and UE2 sends preamble ID2 with RO2. And the preamble ID1 from UE1 falls into the preamble receiving window of RO2. The preamble ID2 from UE2 falls into the preamble receiving window of RO1. The problem of preamble ambiguity thus happens. gNB can send a PDSCH scrambled with RA-RNTI corresponding to RO1 include RAR1 with preamble ID1 and TA indication of TA1, and a RAR2 with preamble ID2 and TA indication of TA2+GAP. Also gNB can send PDSCH scrambled with RA-RNTI corresponding to RO2 include a RAR3 with preamble ID1 and TA indication of TA1-GAP, and a RAR2 with preamble ID2 and TA indication of TA2. UE1 will try to address PDSCH with RA-RNTI corresponding to RO1 and identify RAR1 as its target RAR and UE2 will try to address PDSCH with RA-RNTI corresponding to RO2 and identify RAR4 as its target RAR. The RAR2 and RAR3 can be treated as a redundancy due to preamble ambiguity.  

[image: ]
FIG. 3 Illustration of preamble ambiguity.
Therefore, it is not necessary to configure PRACH resources with the limitations that two consecutive RO should be larger than 2 * the maximum delay difference within the cell.
Proposal2: To solve the problem of preamble ambiguity, it is suggested to consider the manner adopted in the terrestrial network, where let the gNB send all the possible RARs in the PDSCHs scrambled with RA-RNTIs corresponding to the candidate ROs and let UEs to identify which RAR as its target RAR.

In addition, the length of preamble receiving window shall cover 2 * the maximum delay difference within the cell, which can be large as 20ms in GEO based NTN and 6ms in LEO based NTN. As a result if gNB responds the RARs during the corresponding preamble receiving window, it is possible that in a UE’s RAR receiving window, it can detect more than one PDSCHes addressed by the RA-RNTI associated to the RO for its Msg1 transmission. 
For example, as shown in Fig.4, UE1 and UE2 send Msg1 on the same PRACH occasion RO1. In UE1’s Ra-responseWindow, UE1 can receive UE1’s RAR and UE2’s RAR by using RA-RNTI associated to RO1. In UE2’s Ra-responseWindow, UE2 can receive UE1’s RAR and UE2’s RAR by using RA-RNTI associated to RO1. If UE1 and UE2 happen to use the same preamble, then UE1 might take UE2’s RAR as it target RAR if UE1 could not detect UE1 RAR successfully, and UE2 might take UE1’s RAR as it target RAR if UE2 successfully detects UE1’s RAR prior to UE2’s RAR. Therefore, a solution to address RAR ambiguity is necessary in such situation. Since a UE with location information can estimate the TA measured by gNB, then it is capable to recognize whether the RAR is its target RAR by comparing the TA value in the RAR and the estimated TA. If the difference between the TA value in the RAR and estimated TA is far large, then UE can determine that the RAR is not its target RAR even the RAR includes preamble ID matching the preamble transmitted by the UE and UE continue to detect RARs. 
In the NTN, the difference between the TA value in the RAR and estimated TA can be large as the length of preamble receiving window, like 20ms in GEO and 6ms in LEO. That is big enough for some UEs with location information to identify the target RAR by comparing the TA value in the RAR and the estimated TA. Therefore, the procedure of RAR detection in NTN might be different from the current procedure for terrestrial network, which shall be further studied.  


FIG. 4 Illustration of RAR ambiguity
Proposal3: It is suggested to further study the problem of RAR ambiguity due to large length of preamble receiving window in NTN. A simple solution by comparing the TA value in the RAR and the estimated TA at UE with location information to identify the target RAR is suggested and FFS its impact on the RAR detection procedure. 
Conclusions
In this contribution, we have described our considerations on the random access procedure enhancement in MAC layer and put forward the following proposals:
Proposal1: It is suggested that whether to introduce an offset for the start of ra-ResponseWindow and ra-ContentionResolutionTimer is determined after the confirmation of how to apply TA pre-compensation to Msg1 transmission in RAN1, since the necessity of this offset depends on whether TA pre-compensation is applied to Msg1 or not.

Proposal2: To solve the problem of preamble ambiguity, it is suggested to consider the manner adopted in the terrestrial network, where let the gNB send all the possible RARs in the PDSCHs scrambled with RA-RNTIs corresponding to the candidate ROs and let UEs to identify which RAR as its target RAR.

Proposal3: It is suggested to further study the problem of RAR ambiguity due to large length of preamble receiving window in NTN. A simple solution by comparing the TA value in the RAR and the estimated TA at UE with location information to identify the target RAR is suggested and FFS its impact on the RAR detection procedure.
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