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Introduction
A proposed design for the NR random access procedure is described in [1] and main principles for Random Access Response (RAR) design are presented in [2]. In this contribution, we propose a physical RAR signal format to perform the required functions.
[bookmark: _Ref178064866]Discussion
As stated in [2], the Random Access Response (RAR) has to fulfil the following functions:
· Support a varying payload up to 80-100 bits
· Provide an associated synchronization signal for cases where the reference SS is mismatched in timing or has insufficient SINR for timing estimation. This is relevant e.g. in cases when the reference SS signal quality or bandwidth is insufficient for good timing estimation, or when SS is transmitted using SFN with a long CP while the RAR is transmitted using a short CP.
· Distinguish RARs sent to different UEs. 

[bookmark: _Toc462319842]To support required RAR features, a dedicated signal design is preferable.

To provide these functions, the signal format depicted in Fig. 1 is proposed.
The RAR consists of two parts, denoted RS and DS. It covers a subset of the frequency band, e.g. 6 RBs, in two or more OFDM symbols.
The RS part constitutes a subset of the frequency band in a single OFDM symbol. RS contains a known reference sequence that the UE can detect in the time domain even when the symbol timing in unknown, and obtain symbol timing synchronization to process the DS field. A possible signal design for the RS is to use Zadoff-Chu sequences. After RS detection, the RS symbols may be used for channel estimation for DS detection.
The RS sequence should be a function of the PRACH preamble transmitted by the UE, the SS (or the cell ID) that the UE responded to, or both. The set of possible RS sequences should be large enough to accommodate a sufficient number of unique such combinations. For the purposes of detecting the RS at the UE, there is a single sequence that the UE needs to search for and that is known to the UE based on the PRACH and/or SS, so as to minimize the UE detection effort. 
The DS part consists of one or more symbols, depending on the payload size in the given deployment. If the number of symbols is small, no additional reference symbols are included. 
If the time duration of DS is long in relation to temporal changes in the channel, the DS symbols may include DMRS-like reference symbols as a phase reference. The additional DS symbols, optionally including DMRS, are indicated with the dotted outline in the figure. 
The DS message should encoded using an appropriate codec for short message lengths. A CRC should be added to verify correct decoding. The UE can also use the CRC to blindly detect the message length (one or more symbols) via blind decoding according to different length hypotheses.
The contents of the DS are scrambled using a UE-specific scrambling sequence. The sequence is determined by the PRACH preamble transmitted by the UE and thus no blind detection at the UE is required for demodulating the DS. 

RS = Z-C sequence


DS = 	
RAR payload channel coded 
and scrambled
+ CRC (scrambled)
+ embedded DS-DMRS (optional)

[bookmark: _Ref458409843]Figure 1. RAR signal design consisting of RS and DS fields.
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Conclusion
In section 2 we made the following observations:
Observation 1	To support required RAR features, a dedicated signal design is preferable.

Based on the discussion in section 2 we propose the following:
Proposal 1	Design RAR as a dedicated signal format containing a synchronization signal and supporting a flexible payload size.
Proposal 2	The RAR synchronization sequence RS should depend on the PRACH preamble and/or the SS.
Proposal 3	The RAR payload sequence DS should be scrambled, where the scrambling depends on the PRACH preamble.
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