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Introduction  
The following agreements were made in RAN2#98 regarding Random Access in NR:

	1. A single configuration for random access in idle mode is provided in minimum system information (pending RAN1 decision), but does not depend on the UE capabilities. This doesn’t restrict multiple configuration for different purposes (e.g. for multiple beam).   RAN2 understanding is that the numerology/physical layer configuration for each step is up to RAN1.

As in LTE:

1. After transmitting the RACH preamble, UE monitors for RAR in RAR window

2. RAR window starts at fixed duration from the end of RACH transmission occasion. The value of fixed duration is FFS and shorter than LTE.

3. The size of RAR window is configurable 

4. RAR reception is successful if received RAR corresponds to both the RACH preamble transmitted by UE and RACH resource in which UE has transmitted the RACH preamble

5. As in LTE, random access procedure can be performed on PCell as well as SCell. In case of SCell (other than PSCell), only contention free random access procedure is performed. Random access procedure for SCell (other than PSCell) is only initiated by network.

6. When performing random access procedure on the PCell while CA is configured, UE transmits the RACH preamble on PCell and receives the corresponding RAR on PCell. 

7. When performing contention free random access procedure on the SCell while CA is configured, UE transmits the RACH preamble on SCell and receives the corresponding RAR on PCell.

8. When performing random access procedure on the PCell or PSCell while DC is configured, UE transmits the RACH preamble and receives RAR on corresponding cell.

9. when performing contention free random access procedure on the SCell (other than PSCell) while DC is configured, UE transmits the RACH preamble on SCell and receives the corresponding RAR on PCell for MCG and PSCell for SCG.


In this contribution, we discuss the issue of PRACH partitioning for the purposes of indicating msg3 size. Furthermore, aspects related to the RAR contents, RA-RNTI computation and power ramping aspects are discussed.

PRACH resource partitioning for Msg3 size
In LTE, the number of available PRACH preambles for transmission in msg1 is divided into two groups, A and B. The number of available preambles in each group for the UE to transmit is conditional on specific configuration in SIB2. The UE selects the preamble to transmit from one of these two groups for transmission based on, among other factors, whether msg3 size is larger than messageSizeGroupA [1]. The main reason for doing this is to implicitly indicate to the eNB some information about the subsequent msg3 size, so it can allocate a grant of the appropriate size. This in turn depends on the amount of information included in Msg3.
In NR, there are ongoing discussions to support on demand delivery of SI using both the 2 step and the 4 step random access procedure [2]. In case of 4 step procedure, Msg3 would likely contain information about the requested SI, which would impact its size. In addition, there are also discussions on supporting small amounts of UL data included in Msg3 when transitioning from INACTIVE to CONNECTED state. However, since no agreements have been made in that regard as to how many additional bits would be required in Msg3, this aspect may not be considered for PRACH design in this release.

On the other hand, the concept of preamble grouping and reservation is also under consideration in NR. Specifically, the following agreement was made in RAN1#88bis regarding random access procedure:

	Association between one or multiple occasions for SS block and a subset of RACH resources and/or subset of preamble indices is informed to UE by broadcast system information or known to UE or FFS dedicated signaling

· FFS gNB can configure an association between CSI-RS for L3 mobility and a subset of RACH resources and/or a subset of preamble indices, for determining Msg2 DL Tx beam


This association would allow the gNB to determine the best DL beam to use for msg2 transmission to a UE. The number of additional bits needed in this case depends upon the number of total detected DL beams and requires RAN1 input. In any case, additional grouping of PRACH preambles would limit the amount of PRACH resources that can be used for partitioning to serve other purposes. Additionally, as discussed above, if the 2 step random access procedure is utilized for on-demand delivery of SI, at least some preamble reservation would be needed. 
Given that there are a limited number of preambles available to transmit in a cell and that RAN1 has not yet made any agreements on increasing at least the number of preambles for NR (compared to LTE), any further subdivision of available preambles and quantization based on msg3 size would lead to inefficiency in the random access procedure. This is due to each preamble group shrinking in size, leading to an increase in collisions.
So, while further granularity of msg3 might be useful in NR (e.g. data transmission during transition from inactive to connected state), it needs to be motivated before further partitioning is performed. If required, partitioning of resources in time or frequency domain can, to some extent, allow for flexible grouping based on msg3 size. Each UE can choose the appropriate time/frequency resource to transmit msg1 based on configured parameters in system information and the msg3 size. Therefore, if required, further partitioning based on msg3 size (compared to 2 partitions in LTE) can be performed using PRACH time/frequency domain grouping without the need to introduce more PRACH preamble groups.
Proposal 1a:
Two RA preamble groups are used in NR for indicating msg3 size to the gNB, similar to LTE.

Proposal 1b:
Time/frequency/preamble domain partitioning of PRACH resources can be configured to provide more information to the gNB about msg3 size, if further granularity in msg3 size is required.

Another proposed use case for PRACH resource partitioning is an implicit indication of UE’s desired numerology or TTI, with the aim of indicating the service priority that initiates SR using random access. Based on above discussion, it can be argued that due to limited PRACH resources and the fact that the subsequent BSR in this case can provide, for example, the information related to the required TTI for the available UL data, further partitioning of RACH resources is not necessary in this case. Therefore, there needs to be further motivation of the use cases for PRACH resource partitioning beyond msg3 size indication.

Proposal 2:
PRACH resource partitioning for other service enhancement purposes, e.g. indicating desired numerology and/or TTI is not used. 
Random Access Response

Once a random access preamble is received by the gNB, it responds with a random access response (RAR). In LTE, the RAR is addressed to the RA-RNTI, which is calculated using the time (subframe) and frequency (resource block) location where the preamble was transmitted. The RAR contains the relevant information needed to identify the UE (or UEs) whose preamble was detected at the gNB, i.e. the RAPID (Random Access Preamble IDentifier). Therefore, the same information (coupled with the contention resolution mechanism) can be used in NR as well.

Observation 1:
 RA-RNTI and RAPID can uniquely identify the time, frequency and preamble resource that correspond to the received RAR.

In LTE, the RA-RNTI is computed according to [1] as:

RA-RNTI = 1 + t_id + 10*f_id

where t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10), and f_id is the index of the specified PRACH within that subframe, in ascending order of frequency domain (0≤ f_id< 6) except for NB-IoT UEs, BL UEs or UEs in enhanced coverage. However, NR is moving towards using slot-based time units compared to the subframe in LTE.  Hence, depending on the how PRACH configuration is defined for NR, the definition for RA-RNTI would need to be modified in coordination with RAN1, possibly with t_id now corresponding to the first slot of the specified PRACH resource. Additionally, the information about the gNB RX beam that the preamble was received on may also need to be factored in the computation.

Proposal 3:
The RA-RNTI definition should be modified for NR in coordination with RAN1.

The contents of RAR in LTE include Timing Advance (and an indication if it is included), temporary C-RNTI as well as the UL grant for the UE, which contains information on the time/frequency resources that the UE can utilize for sending Msg3. At least the above information can be reused for NR. In addition, when TX/RX reciprocity is not available, there is ongoing discussion in RAN1 on how the gNB can indicate to the UE the UL TX beam to use. In that case, some assistance information may also be included in RAR, pending RAN1 progress.

Proposal 4:
RAR contents includes at least Timing Advance information (TA), temporary C-RNTI and the UL grant. 

In the previous RAN2 meetings, a proposal was put forward to allow the gNB to include multiple UL grants in a single RAR [3]. One use case when this might be relevant is when it receives the same preamble from 2 or more UEs in the same PRACH time/frequency resource. In this case, the Msg2 could contain more than one grant (and temporary C-RNTI), which seeks to avoid the collision between multiple users that would occur under normal operation. However, it is not clear how the gNB can allocate the multiple UL grants. To do so efficiently, it needs to resolve how many UEs sent the preamble whose transmissions collided at the gNB, which may not always be possible [4]. Moreover, it is also not clear how the UEs would choose the UL grants, i.e. random or based on some selection rule. 

Another use case mentioned is in case the UE has small data to transmit during the random access procedure e.g. INACTIVE to CONNECTED state transition. However, same as the case above, it is not clear how the gNB knows the exact number of UL grants to allocate without some prior indication from the UE. Moreover, there are no agreements in RAN2 on how much data could be transmitted in Msg3 or if the Msg3 size/granularity would be modified compared to LTE. Hence, allocation of multiple UL grants for this purpose seems premature at this time. Since there is no sufficient motivation to address this use case at this time, we propose not to discuss this further in RAN2.

Proposal 5:
Multiple UL grants in a single RAR are not used in NR.

Power Ramping Aspects

In LTE, the UE performs power ramping for preamble retransmissions if no RAR is received within the defined RAR window. In NR, for the case of single beam operation, LTE power ramping mechanism can be reused. However, in case of multiple UL beams, the UE has the option of switching UL beams for retransmissions of Msg1. This may come into play especially when no beam correspondence is available, forcing the UE to perform transmissions across different UL beams. RAN1 has made an agreement last meeting regarding power ramping for this scenario:

	· If the UE conducts beam switching, the counter of power ramping remains unchanged
· FFS: UE behavior after reaching the maximum power


Based on this, we see that if the UE performs beam switching, the counter for power ramping would remain unchanged. However, there are a few issues that still need to be resolved, e.g. what should the UE behavior be in case the best DL beam changes between retransmissions. In that case, the UE may have to choose new PRACH resource/preamble to send Msg1 and thus it is not clear if the UE should reset the power ramping counter or not. This discussion is more dependent on RAN1 progress.

Proposal 6:
At least for the case of single beam operation in NR, the power ramping procedure can follow LTE.

Conclusion

This contribution discusses Msg3 size and PRACH partitioning as well as issues related to RAR and its contents. 

Observation 1:
RA-RNTI and RAPID can uniquely identify the time, frequency and preamble resource that correspond to the received RAR.
Proposal 1a:
Two RA preamble groups are used in NR for indicating msg3 size to the gNB, similar to LTE.

Proposal 1b:
Time/frequency/preamble domain partitioning of PRACH resources can be configured to provide more information to the gNB about msg3 size, if further granularity in msg3 size is required.
Proposal 2:
PRACH resource partitioning for service enhancement purposes, e.g. indicating desired numerology and/or TTI is not used. 

Proposal 3:
The RA-RNTI definition should be modified for NR in coordination with RAN1.

Proposal 4:
RAR contents include Timing Advance information (TA), temporary C-RNTI and the UL grant. 

Proposal 5:
Multiple UL grants in a single RAR are not used in NR.
Proposal 6:
At least for the case of single beam operation in NR, the power ramping procedure can follow LTE.
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