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1. Introduction
The objective of this document is to identify the key impacts regarding the initial TA (time advance) during random access procedure and possible random access signal format design.  
1. Text proposal for approval
It is proposed to add the following texts to TR 38.811 “Study on NR to support Non-Terrestrial Networks”.
* * * Start of changes * * * * 
x.x.x Impact on Initial TA during random access procedure
x.x.x.x Problem statement
In a typical NTN cell, the distance between base station and users is much larger than that in a terrestrial cell. Furthermore, the coverage range of a NTN cell can be as large as hundreds of kilometers. According the existing principle for PRACH design, the CP length  shown in Table 1, is defined according to the maximum supportable cell radius as:
,
In the formula above, D refers to propagation distance between the gNB and UE, which is approximated by cell radius for terrestrial network. Apparently, D for users at cell center is assumed as zero.  the speed of light and  represents the delay spread of fading channels. 
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However, in a non-terrestrial network, the absolute propagation delay of every user is large due to the distance between high altitude base stations and users (on the ground or even on aircraft), which is shown in Figure 1. In this case, if the CP length in NTN PRACH is still defined according to absolute propagation delay, the CP overhead would be unreasonably high.  For example, the minimum CP length for a LEO with 1000km orbital altitude is approximately calculated as  The PRACH symbol length corresponding to subcarrier space of 1.25 kHz is 0.8ms only. The resultant CP length is more than 8 times of the symbol length, which means a significant waste of random access resource.

According to the analysis above, the existing design of NR PRACH cannot be reused directly.
x.x.x.x Solution principles
As shown in Figure 1, compensation of common distance (i.e., ) with an initial TA during random access procedure can be considered as a promising solution, since the coverage for each NTN gNB (i.e., satellite) is relatively stable with pre-defined orbit. It can be observed that a common part  is shared by both cell center and cell edge users. Once the coverage area and beam direction is fixed, the common part  is derivable for a given NTN gNB. Therefore, can be treated as a known parameter within corresponding coverage, e.g., via broadcast signaling. Each user adjusts its initial TA to compensate the common propagation delay due to. The NTN PRACH signal design only depends on the relative propagation delay proportional to. 
[image: ]
[bookmark: _Ref506284456]Figure 1 Illustration of common distance of cell edge/center in NTN
Though the common propagation delay proportional to  can be compensated in initial TA per user, the relative propagation delay proportional to  is still quite large. A typical, which is the range difference between slant and nadir, can be thousands of kilometers. As a result, a very long CP is still needed. To get rid of this undesirable long CP, a NTN PRACH signal structure with symbol repetition is given below. 






A time window of length  is divided into detection windows of length. Without loss of generality, let’s assume. An example is illustrated in Figure 2, where, and each PRACH signal consists of 2 repeated symbols (with total length of). If a PRACH signal is transmitted, at least one fully occupied detection window of length  is guaranteed. With this PRACH signal design, the TA of a given user is divided into two parts. The coarse TA can be estimated by the detection window index (in time domain), and the fractional TA can be estimated by correlation inside the detection window. Furthermore, the repetition number is configurable according to link budget.
[image: ]
[bookmark: _Ref506298276]Figure 2 Illustration of NTN PRACH time window and signal
x.x.x.x NR protocol impacts
To accommodate the initial TA (time advance) during random access procedure and possible random access signal format design, approaches have been introduced with following impact on NR specifications.
1. [bookmark: _GoBack]To indicate the common TA for a given cell, enhancement on the content of existing system information is required to include the initial TA value. 
2. To facilitate efficient utilization of random access resource, PRACH signal design with symbol repetition and a corresponding detection window is to be considered in NTN random access. 
* * * End of Changes * * * *
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