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Introduction
In last RAN1#88bis meeting, it has been decided to finalize several issues related to NR physical random access channel (PRACH) design and RA procedure in RAN1 #89 meeting as shown below [1].
Conclusions:
· For Random Access,
· following remaining issues need to be finalized in the next meeting
· RACH preamble sequence length and subcarrier spacing
· Selection of L between L = 63/71 and L = 127/139
· Further down-selection of subcarrier spacing  if needed
· RACH format design
· Supported preamble formats of option 1 and detailed design of each
· Whether/how to support option 2 and option 4
· CP/GT length
· Followings remaining issues need to be finalized by Nov. meeting
· RACH configuration
· RACH procedure
· Power control/power ramping 
· Note that all RRC related aspects need to be finalized by Oct. meeting

In this contribution, we would like to discuss the possible NR-PRACH structures, RA preamble formats for Msg. 1 transmission and re-transmission by a user equipment (UE) based on the previous agreements in [2].
NR-PRACH structure and RA preamble formats
The agreed NR-PRACH design details can be found in [2]. The structure of RA preamble format is defined as shown in Figure 1 to support both single-beam and multi-beam operations. One RA preamble format contains  preamble, where multiple RA preambles can be transmitted for gNB receiver (Rx) beam calibration by performing beam sweeping. There is no concrete value for number  yet, but generally, this value should relate to the number of Rx beams at gNB. Furthermore, it was agreed that at least NR should support a longer preamble format and a shorter preamble format.


Figure 1. Agreed RA preamble format by 3GPP NR [2]

Understanding and preferred RA preamble formats
Without beam correspondence at gNB or beam correspondence information at gNB is unknown to UEs, a UE should send its Msg. 1 using multiple RACH resources for gNB Rx calibration during RA procedure. When performing beam sweeping at gNB Rx for receiving Msg. 1 from a specific UE, gNB can only detects one or few number of RACH resources from that UE but not all the occupied RACH resources. Also, the number of detectable RACH resources might be different in case of different UEs when they are located at different locations. Therefore, it might be hard to find an optimal length (number of RACH resources) for a RA preamble format, which is a fixed number and suitable for all the UEs, when considering the resource efficiency for generating Msg. 1. That is, no matter a RA preamble format contains how many RACH resources, gNB can only detect one or a few of them due to beam sweeping.
Observation 1: It might be hard to find an optimal length (number of RACH resources) for defining a RA preamble format, since different UEs at different locations may need different number of RACH resources for their individual Msg. 1 transmission when considering the resource efficiency and collision probability among UEs.
Proposal 1: For defining a fixed length RA preamble format, NR should minimize its length.
There might be multiple reasons leading to the failure of Msg. 1 transmission. One of them in multi-beam system is that gNB may miss the timing for detection of Msg. 1 during Rx beam sweeping. This may be due to the mismatch of Msg. 1 arrival time and beam sweeping time. Therefore in addition to power ramping, it might be beneficial to increase the length of Msg. 1 for retransmission to cover more beam sweeping time (more gNB Rx beam directions). Figure 2 shows ax example of flexible length RA preamble format.
Observation 2: It might be beneficial to increase the length of Msg. 1 for retransmission to cover more beam sweeping time (more gNB Rx beam directions).
Proposal 2: In addition to the fixed length RA preamble format, NR should support a flexible length RA preamble format whose length can be varying. The initial length of this flexible length RA preamble format starts from the defined length for the fixed length RA preamble format.
Proposal 3: For Msg. 1 retransmission in NR, UE should be able to increase the length of Msg. 1 in addition to power ramping.


Figure 2. An example of flexible length RA preamble format
In this case, the previous NR supported longer RA preamble format and shorter preamble format can be considered corresponding to different cell coverage like the definition of preamble formats in LTE systems. Figure 3 shows an example of time-domain relationship between long RA preamble format and short RA preamble format by assuming the numerology for these two formats is same. The length of a long RA preamble format equals to the length of multiple short RA preamble formats. The length difference between these two formats is due to different number of RACH OFDM symbols in different formats. For example, if one preamble sequence in short RA preamble format consists only one RACH OFDM symbol and meanwhile one preamble sequence in long RA preamble format consists three RACH OFDM symbols, the length of a long RA preamble format equals to the length of three short RA preamble formats.
Proposal 4: We understand that the previously agreed long RA preamble format and short RA preamble format by NR are corresponding to different cell coverage. The length difference between these two RA preamble formats is due to different number of RACH OFDM symbols contained in these formats.


Figure 3. An example of length comparison between long RA preamble format and short RA preamble format

NR-PRACH structure
When designing the NR-PRACH time-domain structure, it is intuitive to make the length of NR-PRACH (number of RACH resources) be able to cover all the gNB Rx beam directions. On the other hand, the number of Rx beams at gNB might be quite a big number especially in high frequency range (such as mmWave frequency band). Therefore, the length of NR-PRACH should be limited to save the radio resource cost. One possible solution is to reuse RACH resources for different beam directions, i.e., using the degree of freedom in spatial domain. Figure 4 shows an example of beam grouping at gNB side, where all the gNB Rx beams are divided into several equal size beam groups. In this figure, N beams are assumed in each beam group. In this case, instead of covering all the Rx beam directions, the NR-PRACH length can be set to be N RACH resources as shown in Figure 5(a).
For UE’s Msg. 1 transmission in this case, UE may have two options.
· Option 1: UE can send its Msg. 1 using a fixed length RA preamble format which occupies all the N RACH resources. That is, the length of UE’s Msg. 1 is same as the length of NR-PRACH. Collision among UEs can be solved by using different preamble sequences.
· Option 2: UE can send its Msg. 1 using part of the RACH resources in NR-PRACH. For example, a UE can use three consecutive RACH resources for its Msg. 1 transmission instead of using all the RACH resources. The number of three in this example can be known as the length of fixed RA preamble format.
· 

· Figure 4. An example of multiple beam groups at gNB



Figure 5. Examples of NR-PRACH time-domain structures

Obviously, collision probability among multiple Msg. 1 from different UEs in case of option 1 is higher than that of option 2. Furthermore, UE will consume more power for sending its Msg. 1 in case of option 1 since its Msg. 1 is longer. On the other hand, if UE generates its Msg. 1 following option 2, the power consumption and collision probability can be reduced. 
[bookmark: _GoBack]Note that in the previous example, it is assumed that the length of fixed RA preamble format is three. In order to guarantee the fairness and performance for UEs in different locations, the NR-PRACH structure should be defined as shown in Figure 5(b). That is, one addition RACH resource should be added before and after the RACH resources shown in Figure 5(a), respectively. By doing this, it can be guaranteed that the UE located within the coverage of the 1st beam or the Nth beam can still generate its Msg. 1 using three consecutive RACH resources. Similarly, as shown in Figure 5(c), additional RACH resources should be added before and after the RACH resources shown in Figure 5(a), respectively for guaranteeing performance and fairness in general cases.
Observation 3: The length of NR-PRACH should be minimized to save the radio resource cost. 
Proposal 5: One possible solution of saving RACH resources is to explore the degree of freedom in spatial domain. That is, to reuse PRACH for different beam directions.
Proposal 6: PRACH structures in Figure 5 should be considered for NR.
Conclusion
In this contribution, we have the following observations and proposals.
Observation 1: It might be hard to find an optimal length (number of RACH resources) for defining a RA preamble format, since different UEs at different locations may need different number of RACH resources for their individual Msg. 1 transmission when considering the resource efficiency and collision probability among UEs.
Proposal 1: For defining a fixed length RA preamble format, NR should minimize its length.
Observation 2: It might be beneficial to increase the length of Msg. 1 for retransmission to cover more beam sweeping time (more gNB Rx beam directions).
Proposal 2: In addition to the fixed length RA preamble format, NR should support a flexible length RA preamble format whose length can be varying. The initial length of this flexible length RA preamble format starts from the defined length for the fixed length RA preamble format.
Proposal 3: For Msg. 1 retransmission in NR, UE should be able to increase the length of Msg. 1 in addition to power ramping.
Proposal 4: We understand that the previously agreed long RA preamble format and short RA preamble format by NR are corresponding to different cell coverage. The length difference between these two RA preamble formats is due to different number of RACH OFDM symbols contained in these formats.
Observation 3: The length of NR-PRACH should be minimized to save the radio resource cost. 
Proposal 5: One possible solution of saving RACH resources is to explore the degree of freedom in spatial domain. That is, to reuse PRACH for different beam directions.
Proposal 6: PRACH structures in Figure 5 should be considered for NR.
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