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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.
In RAN2-97bis, the following agreements were made

	Agreements on Random Access:
-	The random access procedure in NR is supported at least for the following events:
(1)	Initial access from RRC_IDLE;
(2)	RRC Connection Re-establishment procedure;
(3)	Handover;
(4)	DL data arrival during RRC_CONNECTED requiring random access procedure, e.g. when UL synchronisation status is "non-synchronised";
(5)	UL data arrival during RRC_CONNECTED requiring random access procedure, e.g. when UL synchronisation status is "non-synchronised" or there are no PUCCH resources for SR available.
(6)  Transition from RRC_INACTIVE to RRC_CONNECTED
-	In NR the random access procedure on SCell can be supported if multiple TAs are supported as in LTE
-	The random access procedure in NR is performed on at least PSCell upon SCG addition/modification, if instructed, or upon DL/UL data arrival during RRC_CONNECTED requiring random access procedure. The UE initiated random access procedure is only performed on PSCell for SCG as in LTE
-	There is at most one Random Access procedure ongoing at any point in time in a MAC entity.  FFS if it is up to UE implementation which RA procedure should be stopped or if we need to have any form of prioritization
- 





In RAN2#98 these following agreements were made

Agreements 
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:
2. After transmitting the RACH preamble, UE monitors for RAR in RAR window
3. RAR window starts at fixed duration from the end of RACH transmission occasion. The value of fixed duration is FFS and shorter than LTE.
4. The size of RAR window is configurable 
5. 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
6. 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.
7. 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. 
8. 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.
9. 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.
10. 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.
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In the LTE the main use case for contention-free random access is during handover. In NR a new RRC state, RRC_inactive will be introduced. In this state the RRC context of the UE is preserved by the network. 
Since the network has the RRC context information of the UE, the network can determine the cell list including the cell on 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. Based on the agreement in RAN2-96, “NR should support both contention-based and contention-free RA” and the agreement in RAN2-97bis, “RA for Transition from RRC_INACTIVE to RRC_CONNECTED” we give the following observation
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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 used in this contribution:
-	PRACH radio resources: time-frequency resources for the PRACH transmissions
-	PRACH preamble resources: PRACH preamble sequence set
-	PRACH resources = 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. As these procedures will also be supported in NR we believe that a similar method like in LTE would be sufficient to set aside a configurable number of preambles for this.
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RAR Transmission and Reception
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. It has been agreed in agreed in RAN2#98 that “RAR window starts at fixed duration from the end of RACH transmission occasion. The value of fixed duration is FFS and shorter than LTE”. It may be beneficial to have several simultaneous PRACH configurations in NR to cater for both ordinary “single” preamble transmissions and multiple preamble transmissions for beam switching as discussed in [1] and [2]. We believe that even if multiple configurations are used, it should be sufficient to have a single parameter to indicate when the RAR window starts. In case of multiple preamble transmission occasions, this parameter should indicate the duration from the first preamble transmission occasion until the RAR window starts. The ordinary case when there is a single preamble transmission occasion is also covered by this definition since the single transmission occasion is also the first transmission occasion. 
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The start of the RAR window will impact how fast a RAR can be sent by the gNB and has a large impact on the random access latency. By allowing the RAR window to start immediately after the preamble transmission, no extra delay from the RAR transmission is hardcoded into the standard. This does not preclude the case, such as high PUSCH load or by high processing load in the gNB, when the gNB can send the RAR at a later stage. 
[bookmark: _Toc484694763][bookmark: _Toc484696071][bookmark: _Toc484696288][bookmark: _Toc484697010][bookmark: _Toc484699352][bookmark: _Toc485036880][bookmark: _Toc485208883][bookmark: _Toc485209122][bookmark: _Toc485307511][bookmark: _Toc485401411]The RAR window starts immediately after the preamble transmission.
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, we believe that this mechanism can be reused.
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For NR, the number of slots in one radio frame could vary over a large range depending on sub-carrier spacing. When the RA-RNTI is generated based on the slot number of PRACH transmission, there is additional complexity for both RA-RNTI generation and decoding in UE side. When multiple carriers of different numerologies are aggregated, the RA-RNTI generation of different carriers could be different, which could further result in RA-RNTI ambiguity between carriers. To avoid ambiguity, it seems beneficial to transmit RAR to a UE via C-RNTI in some cases. As one example, contention free based random access is configured in CA to access a secondary carrier and the gNB can identify the UE based on the PRACH detection. In this case, identifiying the PRACH timing of the preamble transmission by using the RA-RNTI is not needed. It would be sufficient to use C-RNTI for the RAR transmission (i.e. scramble CRC sequence of RAR with C-RNTI), since the C-RNTI is unique for a UE. In this way, the ambiguity disappear for secondary carrier access. 
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Conclusion
In section 2 we made the following observations:
Observation 1	For ‘RRC_inactive’ to ‘RRC_active’ state transition, both contention based access and contention free access are supported.
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Based on the discussion in section 2 we propose the following:
Proposal 1	Similar as in LTE, PRACH preamble partitioning between contention based access and contention free access should be supported.
Proposal 2	The RAR window starts a fixed duration after the preamble transmission occasion, irrespective of if there are several PRACH configurations.
Proposal 3	In case there are multiple preamble transmission occasions, the RAR window starts a fixed duration after the first preamble transmission occasion.
Proposal 4	The RAR window starts immediately after the preamble transmission.
Proposal 5	Similar as in LTE, there is no HARQ for RAR transmission in NR.
Proposal 6	At random access for secondary carrier, C-RNTI is used instead of RA-RNTI to scramble CRC sequence for RAR transmission.
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