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1
Introduction
The study item on New Radio Access Technology was approved in [1]. Similar to LTE, in NR it is expected that the UE needs to perform the random access procedure before normal data transmission and reception can take place. In this contribution, we will provide some general requirements on random access procedure in NR. We will discuss the basic random access procedures in and lessons that could be learnt from LTE when designing the random access procedures in NR. 
2
Discussion
2.1
General
In LTE, the random access procedure takes two distinct forms (outlined in Figure 1): 

-
Contention based
-
Non-contention based
In contention based random access procedure, the UE will randomly select one preamble from the determined preamble group in Step 1. If multiple UEs select the same preamble in the same subframe, collision will occur. In this case, the collision will be solved by the subsequent contention resolution procedure in Step 4. Contention based random access procedure is applicable to initial access from RRC_IDLE, RRC Connection Re-establishment procedure, Handover, DL data arrival during RRC_CONNECTED (e.g. when UL synchronisation status is "non-synchronised") and UL data arrival during RRC_CONNECTED (e.g. when UL synchronisation status is "non-synchronised" or there are no PUCCH resources for SR available). 
In non-contention based random access procedure, a distinct preamble will be assigned by the eNB (e.g. via dedicated RRC signalling or PDCCH order) hence collision can be avoided. Non-contention based random access procedure is applicable to Handover, DL data arrival during RRC_CONNECTED (e.g. when UL synchronisation status is "non-synchronised"), Positioning (e.g. when timing advance is needed for UE positioning) and Obtaining timing advance alignment for a sTAG.
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Figure 1: Contention based (left) and Non-contention based (right) random access procedure
In NR, it seems that basically all the above mentioned scenarios are still valid, therefore both contention based random access procedure and non-contention based random access procedure should be supported. Technically, it is natural to use the existing random access procedures in LTE (i.e. Msg 1, 2, 3 and 4) as a baseline for the design in NR. This is also aligned with the RAN1 decision made in the last meeting.

Proposal 1: Use the random access procedure in LTE as the baseline for the design in NR from RAN2 perspective.
Proposal 2: NR supports both contention based RA procedure and non-contention based RA procedure. 
Note that, above proposals will not prevent the discussion on simplified random access procedure (e.g. only Msg1 and Msg2), which might be beneficial in some scenarios.

2.2
Random access procedure considering multiple numerologies
Until now, the following agreements were made in RAN1 on the support of multiple numerologies [2, 3]:

	RAN1#85:

· Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported

· FDM and/or TDM multiplexing can be considered
RAN1#86:

-
Specification supports multiplexing numerologies in TDM and/or FDM within/across (a) subframe duration(s) from a UE perspective

-
RAN1 should strive for an unified framework of NR initial access covering different/mixed numerologies


Given the RAN1 efforts on a unified framework of initial access covering different/mixed numerologies, RAN2 should also strive for unified framework of random access procedure for different numerologies. Note that RAN1 is responsible for the determination of whether there would be common random access resource allocation or separate random access resource allocation for different numerologies, and RAN2 is responsible for the corresponding configuration.
Proposal 3: RAN2 should strive for unified framework of random access procedure for different numerologies.
2.3
Consider different usage scenarios from the very beginning
In Rel-8, LTE was mainly designed for the support of MBB services. In Rel-12 and Rel-13, low cost UEs (i.e. NB-IoT and eMTC) were introduced which are targeted to low-end machine-type communications. Low cost UEs are quite different from the normal UEs, and they only support i.e. limited channel bandwidth (180kHz for NB-IoT and 6PRBs for eMTC), limited transport block size (680bits for NB-IoT and 1000bits for eMTC), single receiver RF, etc. Also, low cost UEs are required to support coverage enhancement of e.g. 20db. To enable network access for low cost UEs, significant modifications were made on the random access procedures (e.g. in eMTC, UL grant in RAR needs to provide the Msg3/4 MPDCCH narrowband index, and Msg1/2/3/4 need to consider massive number of repetitions),  which significantly increased the specification complexity. 
NR is envisaged to support diverse families of usage scenarios including eMBB, mMTC and URLLC. As defined in [2], different use scenarios have different key performance requirements, which may then lead to different radio designs. For example, URLLC services needs to access the network with very short delay and very high reliability, however such stringent requirements should not be applied to eMBB in the same level. When designing the random access procedures in NR, although different usage scenarios are supposed to be supported in a phased approach, it is desirable to consider all usage scenarios from the very beginning (i.e. to support sufficient forward compatibility), so as to avoid the significant specification impacts when adding the support of some usage scenarios in the future. 
Proposal 4: The design of RA procedure in NR needs to consider the support of different usage scenarios from the very beginning (i.e. support sufficient forward compatibility for the usage scenarios to be supported in a later phase).
2.4
Support of short control plane latency
In LTE, there were several discussions in the past on the support of short CP latency. For example, as indicated in [3], the UE could combine the RRC Connection Request and the NAS Service Request in Msg3 in the random access procedure. Or the two-step contention based random access procedure mentioned in RAN1. This allows those two messages to be processed in parallel at the eNB and MME respectively, which could reduce the overall latency from Idle mode to Connected mode. However, this solution was not agreed finally due to the challenges for the eNB to figure out which UE sent a combined message. As defined in [2], in NR, the target for control plane latency is 10ms, which refers to the time to move from a battery efficient state (e.g., IDLE) to start of continuous data transfer (e.g., ACTIVE). To meet the control plane latency target, it is desirable to consider solutions to support short CP latency when designing the random access procedure in NR. Besides the solution of combined RRC Connection Request and NAS Service Request transmission, other potential solutions should also be investigated.
Proposal 5: The design of RA procedure in NR needs to support short control plane latency.
2.5
Support of extensible random access resources
Preamble is the first uplink message that received by the network. In LTE, there are 64 preambles in total and they are divided into three groups: dedicated preambles, Group A and Group B. The dedicated preambles are for non-contention based random access. Group A and Group B (optional) are for contention based random access, which provides a possibility for the eNB to know the Msg3 size and the Pathloss at the UE. In LTE, there were several previous discussions to further partition the preambles to convey additional information to the eNB. For example, in Rel-12 eMTC, it was proposed to use separate preambles to indicate the Category 0 information to the eNB. However, finally Category 0 indication in Msg3 was agreed instead given that additional preamble partitioning means increased collision probability. In Rel-13 eMTC, to avoid the excessive preamble partitioning, it was agreed that the eNB can configure additional PRACH resources in time/frequency domain, so that the eNB can know the current Coverage Enhancement level (i.e. one of the 4 Coverage Enhancement levels) of the UE upon the reception of the preamble. 
Similar approach could be adopted in NR so that the gNB can know the information about Msg3 Size/Pathloss/CE Level of the UE from the beginning of the UE access. NR is expected to support multiple numerologies and slicings in the same carrier, and it might be beneficial to allow the gNB to assign dedicated/specific random access resources for them so that gNB can appropriately schedule them from the beginning of the UE access. Therefore, when designing the random access procedure in NR, it is desirable to support extensible random access resources (e.g. in a way of FDM/TDM/CDM), so that different random access resources can be configured for different e.g. Msg3 size, pathloss, coverage enhancement level, UE capability, QoS requirements, numerologies, slicing, etc. The technique feasibility and solutions need to be further discussed together with RAN1.
Proposal 6: The design of RA procedure in NR needs to support extensible RA resources so that different RA resources can be configured for different e.g. Msg3 size, pathloss, coverage enhancement level, UE capability, QoS requirements, numerologies, slicing, etc. 
2.6
Support of flexible Msg3 size

In LTE, the Msg3 size depends on the UL grant conveyed in Msg2. From the specification perspective, the NB can configure Preamble Group A and Preamble Group B together. In this case, the UE will use the Msg3 size and Pathloss to determine which group a preamble is selected from, and then based on the received preamble the eNB may know the Msg3 size. However, in practice, the Msg3 is fixed to 56bits, because 1) configure Preamble Group A and Preamble Group B together means increased collision probability in high load situation; 2) Msg3 size is not the only factor to determine which group a preamble is selected from therefore the eNB cannot always know the Msg3 size based on the received preamble; 3) provide unnecessary large UL grant in Msg2 is not efficient. The fixed Msg3 size imposes several restrictions, and one of them is that it is difficult to extend the RRC messages accommodated in Msg3. For example, in the context of “CIoT optimisations for non-NB-IoT” in Rel-13, it took a long time to discuss how to support larger Msg3 size (i.e. 80bits Msg3 size due to the 40bits Resume ID), and finally Msg3 and Pathloss are decoupled when selecting the Preamble Group B.
In NR, when designing the random access procedures, it is desirable to support flexible Msg3 size (at least to some extend), so as to enable a good forward extensibility for the RRC messages that accommodated in Msg3. Flexible Msg3 size is also beneficial for the support of grant-free/connection-less transmission, if the traffic data is supposed to be accommodated in Msg3. Supporting of multiple numerologies may also require the support of flexible Msg3 size considering that the gNB may provide different UL grants in Msg2 for access attempts towards different numerologies.
Proposal 7: The design of RA procedure in NR needs to support flexible Msg3 size.
2.7
Support of cross-carrier RAR scheduling
In LTE, carrier aggregation was introduced in Rel-10 to increase the UE operation bandwidth so as to increase the UE perceived data rate as well as to increase the eNB scheduling flexibility. In RAN2#94 meeting, it was agreed that NR shall study lower layer aggregation (e.g. CA-like) as in LTE. In LTE CA, UE may initiate the random access procedure in SCell in order to obtain the timing advance alignment for a sTAG, and in this case the corresponding RAR will be transmitted on the PCell. The adoption of such solution was mainly for the sake of simplicity.
In NR, as a baseline, the scheduling of RAR transmission on the PCell for access attempts that initiated from one SCell could be supported. It is beneficial to take a step further to allow the RAR to be transmitted on any component carrier. By this way, more robust/efficient RAR transmission can be achieved given that the gNB can choose to schedule the RAR transmission over the best component carrier. 
Proposal 8: The design of RA procedure in NR needs to support cross-carrier RAR scheduling.
3
Conclusion
In this document, we provided some general requirements on random access procedures in NR, and we have the following proposals. For some of the proposals, the technique feasibility and solution may need to be further discussed together with RAN1.
Proposal 1: Use the random access procedure in LTE as the baseline for the design in NR from RAN2 perspective.
Proposal 2: NR supports both contention based RA procedure and non-contention based RA procedure. 
Proposal 3: RAN2 should strive for unified framework of random access procedure for different numerologies.
Proposal 4: The design of RA procedure in NR needs to consider the support of different usage scenarios from the very beginning (i.e. support sufficient forward compatibility for the usage scenarios to be supported in a later phase).

Proposal 5: The design of RA procedure in NR needs to support short control plane latency.
Proposal 6: The design of RA procedure in NR needs to support extensible RA resources so that different RA resources can be configured for different e.g. Msg3 size, pathloss, coverage enhancement level, UE capability, QoS requirements, numerologies, slicing, etc. 
Proposal 7: The design of RA procedure in NR needs to support flexible Msg3 size.
Proposal 8: The design of RA procedure in NR needs to support cross-carrier RAR scheduling.
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