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1 Introduction

In RAN2#96 [1], there is agreements for RACH procedure:

Agreements:
1: Both contention-based and contention-free RA procedure should be supported in NR.
2: Contention-based and contention-free RA procedures follow the steps of LTE (does not preclude consideration of 2 step RA)
3: RAN2 should strive for as much commonality in random access procedure as possible across all use cases.
Agreements
1 
The design of RA procedure in NR needs to support flexible Msg3 size (as already supported in LTE). 
FFS whether the eNB can be provided with more information (compared to LTE) from the UE on the Msg 3 size to provide.
In addition, RAN2#97[2] has agreement for UL data transmission in RRC inactive state, which is closely related to the requirement of RACH procedure

Agreements for common aspects of the potentials solutions for UL data in inactive (as yet there is no agreement to support UL data in inactive):

1a1: The UE AS context identifier used for uplink data transmission in RRC_INACTIVE should be the same as the one used in state transition from RRC_INACTIVE to RRC_CONNECTED.

1a2: The UE AS context is located and identified in the network via an “AS Context ID” which is allocated by the network and stored in the UE (and the network) when the UE goes to RRC_INACTIVE and is used to locate the AS context when the UE either tries to transmit small data and/or to perform a transition to RRC_CONNECTED.

1c: The UE AS Context can be stored in an “anchor”/source gNB and may be fetched to the new serving gNB when needed upon the triggering of small data transmission and/or transition from RRC_INACTIVE to RRC_CONNECTED. 

1d:  The network should have the ability to perform a context update when the UE sends small data in RRC_INACTIVE. That update should rely on RRC signalling and should be done in the “second” message (e.g. RRCConnectionResume or a control response message triggered by small data transmission).

2a: Small data transmission can both operate with 2-step or 4-step RACH procedure.  

2b: Small data transmission uses the AS Context ID transmitted in the “first” message for contention resolution (at least when RACH is used).

3: 
After the “first” message with small UL data is received the network should be able to inform the UE that it should move to RRC_CONNECTED via a DL RRC message (e.g. RRCConnectionResume).
5a1: Transmission of large data is envisioned to cause a state transition to RRC_CONNECTED.  The state transition is a network decision.

5b: The UE provides in the “first” message with the initial uplink data transmission all necessary information to enable the network to move the UE to RRC_CONNECTED state or to enable the network to let the UE remain in RRC_INACTIVE e.g. BSR.  It is FFS if a data threshold would be applied to trigger a separate procedure for data transmission as opposed to connection resume.

6a: Subsequent small uplink data transmissions (I.e. transmissions after the first UL data) in RRC_INACTIVE should be supported. FFS whether the term “subsequent small data” cover only the case of infrequent transmissions or also frequent transmissions.

6b: It is beneficial to send small downlink data to the UE with the network response message (e.g. Msg4) if user plane data are available, provided that the user plane design supports it.

8a: Small data transmission solution should be able to support at least RLC ARQ mechanism. 

Note: Wait for RAN1 progress regarding HARQ retransmissions.

10: Whichever solution is selected, the UE performs the tasks based on its RRC state.  Further tasks specific to the data transmission procedure can be discussed if they are found necessary.

12: The “first” message with small UL data could provide information to enable the network to apply Overload control and prioritisation, if needed.  It is FFS what form of overload control/prioritisation might apply in the contention based case.

In this paper, we discuss the support of flexible Msg3 size and the design of UE controlled RACH configuration. 
2 Discussion
As agreed in RAN2#96 [1], NR RACH procedure will support flexible Msg3 size, and it is FFS whether more flexibility could be provided for Msg3 size.

Agreements
1 
The design of RA procedure in NR needs to support flexible Msg3 size (as already supported in LTE). 
FFS whether the eNB can be provided with more information (compared to LTE) from the UE on the Msg 3 size to provide.
In NR, RACH procedure will be reused for different purposes, and thus Msg3 size should be supported more flexibly. For example, according to the evaluation in [3], Msg3 sizes for UE in different RRC states are 56 bits for UE in RRC idle and RRC connected state, and is 88, 72, or 56 bits for UP CIOT EPS optimization. In addition, in NR several more procedures may reuse RACH procedure to reduce latency of data/request delivery, e.g.
· UL data transmission in RRC Inactive state : According to discussion in RAN2#97[2], if 4-step RACH is applied, UE identity and probably UL small data and/or BSR may be carried by Msg3

· On-demand SI request : If Msg3 method is applied for SI request delivery, Msg3 would be used to indicate the requested SIB types, and possibly Msg3 also include UE identity and UE-specific information for improve the efficiency of SI response transmission.
· Link recovery request : If UE finds that the serving beam of gNB does not work normally, which may due to sudden channel blockage, UE could perform beam recovery procedure. If UE is not UL synchronized, i.e., timing alignment timer expires, it is probably that UE sends beam recovery request message through Msg3 by RACH
Observation 1. In NR, RACH procedure is triggered for many purposes, and thus support multiple Msg3 size is necessary for resource efficiency.

According to the agreement in RAN2#97[2], if 4-step RACH is applied for UL data transmission for RRC inactive UE, Msg3 should be the “first” message for small UL data. Our understanding about this is that any UL transmission before Msg3 such as message 1 cannot carry any explicit message to indicate Msg3 size. This suggests that Msg3 size can only be indicated by legacy RACH preamble. To our knowledge, the only way to support flexible Msg3 size with legacy LTE RACH preamble is to apply PRACH partition, i.e., gNB configure association between preamble and Msg3 size, and UE selects preamble to implicitly indicate its Msg3 size.

Observation 2. PRACH partition is the only way to support multiple Msg3 size.

It is well known that RACH partitioning may increase RACH collision probability and reduce RACH resource utilization if PRACH partition is not properly configured according to the population of RA distribution. However, in NR, the impact of RACH partitioning on RACH resource efficiency may be acceptable due to sufficiently large RACH capacity. As indicated in [4], due to the application of OFDM for uplink transmission in NR, it is expected that the quantity of available RACH resource could be increased since PRACH could be configured anywhere in the system bandwidth. Thus, with the flexible RACH resource configuration, RACH capacity could be sufficiently large to support flexible Msg3 size through RACH partitioning.
Observation 3. NR has sufficient PRACH resource for PRACH partition.

Since RACH capacity is not a concern, we suggest that NR applies more RACH partition that LTE so as to support flexible Msg3 size for different RA purpose.

Proposal 1. NR provides more PRACH partitions/groups to support multiple Msg3 size.
3 Conclusion

We have following observations and proposals:
Observation 1. In NR, RACH procedure is triggered for many purposes, and thus support multiple Msg3 size is necessary for resource efficiency.

Observation 2. PRACH partition is the only way to support multiple Msg3 size.

Observation 3. NR has sufficient PRACH resource for PRACH partition.

Proposal 1. NR provides more PRACH partitions/groups to support multiple Msg3 size.
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