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Introduction
This contribution addresses the Random Access procedure in NR. It discusses aspects which are needed for providing a procedure description that can be used as a basis for the NR MAC specification. 
In RAN2-96, there are the following agreements:
· 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.
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RA for RRC_inactive UE
As agreed in RAN2-96, NR should support both contention-based and contention-free RA. In LTE, the contention-free RA has its main use case during handover of connected UEs. In NR, a new UE state, RRC_inactive, is to be introduced. For a UE in RRC_inactive state, its RRC context is preserved by the network. 
Since the network has the RRC context information of the UE, the network can determine the cell list, on one of which the UE probably camps. Then the network can choose to include the PRACH preamble indication in the paging message to configure the UE to initiate the contention free access. If the UE receives the paging message, the UE will benefit from the contention free access. If the UE does not initiate the contention free access in response the network must page the UE in a larger area. In a larger area, contention free access may be too costly as the PRACH resource needs to be reserved in a larger paging area. In this case the network can choose not to indicate the PRACH configuration in the paging message and the UE responds with contention based PRACH transmission when the paging message is detected. For RA initiated by a UE at session request, contention based access must be used.
Based on the above discussion, contention free access is beneficial for an RRC_inactive UE being paged based on the assumption that the UE is likely to camp on a cell which served the UE last time. Still contention based access should still be the baseline for UE initiated RA. Hence, we have the following proposal for UE state transition from RRC_inactive to RRC_active state.
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PRACH resource partitioning
To support both contention based access and contention free access, or carry more information in addition to radio connection setup request at PRACH transmission, PRACH resource partition and carrying additional information via PRACH resource pool selection have been discussed. For clarification, we define the following terms:
-	PRACH radio resources: time-frequency resources for the PRACH transmission
-	PRACH preamble resources: PRACH preamble sequence set
-	PRACH resource = PRACH radio resources + PRACH preamble resources
For PRACH resources partition, we mean that either or both PRACH radio resources and PRACH preamble resources are partitioned. Since PRACH resources are limited, care must be taken when configuring and partitioning these for various purposes. For instance, partitioning the preambles into many small groups may lead to that the probability for preamble collision increases. The same is true if not enough PRACH radio resources are configured. On the other hand, over-provisioning of PRACH radio resources comes with the price of less radio resources available for data transmission and very high computation complexity for PRACH preamble monitoring. This means that PRACH resource partitioning shall be carefully defined.
One application of PRACH preamble partitioning is to facilitate contention-free random access: one PRACH preamble pool is configured for contention based access and the other PRACH preambles are used for contention free access. In LTE, the contention free access is beneficial for radio connection setup at handover, radio connection setup with secondary carriers in case of carrier aggregation, radio connection setup with the secondary cell group at dual connectivity, and radio connection maintenance using PDCCH order etc. There is no evidence that these application cases are not applicable for NR so far. In this case we believe that similar method like in LTE would be sufficient to set aside a configurable number of preambles for this.
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It has also been agreed that it should be possible for Idle/Inactive UEs to request other SI via PRACH transmission. If dedicated PRACH preamble is reserved for other SI request, the network can response with other SI transmission without RAR transmission by the network and without message 3 transmission by the UE. Hence PRACH preamble partitioning is a meaningful method to support the on-demand other SI transmission. The preamble partitioning could either be indicated in minimum SI or derived by the UE according the predefined schemes and parameter settings. Since the former method will increase the overhead of minimum SI, it could be beneficial to allow the UE to derive the PRACH preambles for other SI request according the latter option. 
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RAR Transmission and Reception
In LTE, once the Random Access Preamble is transmitted, the MAC entity shall monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI, in the RA Response window which starts at the subframe that contains the end of the preamble transmission plus three subframes and has length ra-ResponseWindowSize subframes. 
Since the start of the RAR window has a large impact on the Random Access latency, it would be beneficial if this could be shortened. Since it the exact start may depend on implementation, capabilities etc, we believe that a configurable parameter ra-ResponseWindowStart should be introduced. The ra-ResponseWindowStart would indicate the offset from the subframe that contains the end of the preamble transmission until the start RA Response window. 
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In LTE, RAR is transmitted to the UE without HARQ since the PUCCH resource for HARQ A/N feedback is not configured yet. Message 3 transmission by the UE can be regarded as an implicitly HARQ feedback for RAR. For NR, such mechanism can be reused.
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For NR, the actions upon reception of a RAR should follow LTE as baseline. This means that if the Random Access Response has been received for the RA-RNTI and contains a Random Access Preamble identifier corresponding to the transmitted Random Access Preamble, the MAC entity shall consider this Random Access Response reception successful and transmit message 3 accordingly. Note that in NR, it has been agreed that this grant may also contain transmission timing for message 3. The basic procedure should be common for all use cases.
However, considering the various QoS requirements of the services to be served in NR, some potential enhancement without clearly breaking the common procedure should not be precluded if necessary. Certain enhancement with low complexity could be considered to reduce the latency of delay sensitive service such as URLLC. One example, uplink transmit power boost could be considered during RA procedure for UE with URLLC service. Another example is to apply shorter back-off parameters to determine the time to initiate the next PRACH transmission when no RAR is received at the previous RAR transmission for a UE with URLLC service.
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Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	For ‘RRC_inactive’ to ‘RRC_active’ state transition, both contention based access and contention free access should be supported.
Proposal 2	Similar as in LTE, PRACH preamble partitioning between contention based access and contention free access should be supported.
Proposal 3	The PRACH preamble resources for requesting other SI is derived by UE based on predefinitions.
Proposal 4	A configurable parameter ra-ResponseWindowStart should be introduced in NR to indicate the offset from the subframe that contains the end of the preamble transmission until the start of RA Response window.
Proposal 5	Similar as in LTE, there is no HARQ for RAR transmission in NR.
Proposal 6	Without clearly breaking the commonality of RA procedure, some low complexity RA enhancements (e.g. power control, back-off) for URLLC, should not be precluded.
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