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Introduction
This contribution discusses the RACH preamble design for NR in multiple beamforming aspect. 
1 
2 
RACH preamble design
[bookmark: _GoBack]In LTE, multiple preamble formats are supported by higher layer signalling and the length of RACH preamble varies depending on the preamble format. Each preamble format is defined in both RACH preamble sequence and the size of CP aspect. In RACH preamble sequence part, preamble format 0 and 1 is made up of single RACH sequence. Format 2 and 3 is made up of two consecutive RACH sequences. It is obvious that longer preamble sequence would help to detect RACH under because it can provide longer correlation window. 
Although RACH preamble length and CP length can be designed like the RACH preamble defined in LTE to cover wide area at below 6GHz, RACH preamble length and CP length can be designed to be relatively short since required coverage is short compared the case at below 6GHz. Thus, following two options for subcarrier spacing for RACH can be considered regarding beamforming based RA procedure, especially at above 6GHz.
- Option 1: Subcarrier spacing for RACH is smaller than subcarrier spacing for data channel 
- Option 2: Subcarrier spacing for RACH is same as the subcarrier spacing for data channel
In option1, the same subcarrier spacing for RACH can be considered as the RACH preamble defined in LTE. However, when both a TRP beamforming and a UE beamforming are applied, it takes so long time to align beam directions between TRP and UE according to the number of combinations of TRP beam indices and UE beam indices during beam training procedure. In uplink, UL beam training can be performed for initial network entry or handover. Especially considering handover, the required time for beam direction alignment between UE and TRP is needed to be very short. In other words, the required time for RA procedure based on multiple beamforming should be short. Thus, in order to reduce the time required for RACH transmission/reception, smaller RACH symbol duration can be considered. 
Observation 1: In beamforming based RA procedure, smaller RACH symbol duration is desirable to reduce the time required for RACH transmission/reception.
Figure 1 shows an example for RACH occasion where RACH is multiplexed with data channel. It is assumed that at least two antenna arrays are used at TRP side. One is for receiving RACH with beam index change, and another is for receiving data channel with fixed beam. As extreme case, if TRP has only one antenna array, it would be used to receive RACH only without receiving data channel. RACH occasion in figure 1 is preferred for the TRO with beam reciprocity since the RACH resource would be associated with the TRP Rx beam[1]. In order to avoid ISI due to different propagation delay from each UE, guard period should be inserted during RACH resource. And it is obvious that the inter-band interference between data channel and RACH occurred when FFT is performed with data symbol since orthogonality between subcarriers for RACH may be broken. Thus, guard subcarriers should be inserted between RACH and data channel. 


Figure 1. An example of RACH subcarrier spacing is different from the subcarrier spacing for data channel
Observation 2: When subcarrier spacing for RACH is different from the subcarrier spacing for data channel, guard subcarriers should be inserted to mitigate inter band interference.
Figure 2 shows the case that subcarrier spacing for RACH is same as the subcarrier spacing for data channel. 


Figure 2. An example of RACH subcarrier spacing is same as subcarrier spacing for data channel
In figure 2, as an example, consecutive RACH sequences with same subcarrier spacing with data channel would be transmitted during RACH occasion. As previous RACH symbol acts like CP at TRP side when FFT is performed with data symbol, the interband interference would not occurred. The shorter symbol duration can allow multiple beam sweeps within RACH occasion as well.
Observation 3: Same subcarrier spacing for RACH with the subcarrier spacing for data channel is beneficial to beam sweeps and multiplexing with data channel.
However, shorter symbol duration in given frequency band causes collision probability increase. Thus RACH preamble design should be studied further considering trade-off between collision probability and shorter symbol duration to reduce time required for RACH transmission/reception in multi beam based system.
Proposal : RACH preamble should be designed considering the best trade-off between RACH symbol duration to reduce time required for RACH transmission/reception in multi beam based system
Conclusions
This contribution discusses the RACH preamble design for NR in beamforming based RA procedure. The observations and proposals are as follows:
Observation 1: In beamforming based RA procedure, smaller RACH symbol duration is desirable to reduce the time required for RACH transmission/reception.
Observation 2: When subcarrier spacing for RACH is different from the subcarrier spacing for data channel, guard subcarriers should be inserted to mitigate inter band interference.
Observation 3: Same subcarrier spacing for RACH with the subcarrier spacing for data channel is beneficial to beam sweeps and multiplexing with data channel.
Proposal : RACH preamble should be designed considering the best trade-off between RACH symbol duration to reduce time required for RACH transmission/reception in multi beam based system
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