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1 Introduction
There are several purposes for random access in NR as agreed in RAN2#97bis [1].
	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


Another purpose of random access agreed is for on demand SI request.

	Agreements for on demand request of broadcast SI transmission.

1:
For idle and inactive mode, there will be network control whether MSG1 or MSG3 can be used to transmit SI request.

2: 
If the PRACH preamble and/or PRACH resource specific to each SIB or set of SIBs which the UE needs to acquire is included in minimum SI then SI request is indicated using MSG 1. 

3:  If the PRACH preamble and/or PRACH resource specific to each SIB or set of SIBs which the UE needs to acquire is not included in minimum SI then SI request is included in MSG3.

FFS Error handing in case SI is not received


FFS whether the request delivered in MSG 3 can be used for unicast delivery or for delivery of SI by dedicated signalling after a transition into connected, or other options


In this contribution, we will discuss the contention resolution mechanisms for different RA purposes and for RA performance improvement in NR. 
Compared with earlier version, this paper is revised to add more discussions content of Contention Resolution.
2 Discussion
2.1  Existing RA cases
For those RA cases already existing in LTE, 

· initial access from IDLE to CONNECTED, re-establishment, handover, DL data arriving and UL data arriving, the existing contention resolution mechanisms defined in LTE can be reused as the baseline. 
· For initial access from IDLE to CONNECTED and re-establishment, the contention resolution should be based on the UE contention resolution Identity MAC CE that should match the CCCH SDU transmitted in Msg3. 
· For handover, DL data arriving and UL data arriving, as C-RNTI has already been assigned to the UE, the contention resolution can be based on the DL/UL PDCCH scheduling addressed to the C-RNTI. In NR, there can be further enhancement on the baseline RA procedure for performance improvement.
Proposal 1: For those RA cases existing in LTE including initial access from IDLE to CONNECTED, re-establishment, handover, DL data arriving and UL data arriving, the existing contention resolution mechanisms defined in LTE can be reused as the baseline solution.

2.2 RA for transition from INACTIVE to CONNECTED 
For transition from INACTIVE to CONNECTED, same as all contention based RA procedure, the UE first selects preambles from the corresponding preamble group and transmits the preamble on PRACH. If a RAR for the corresponding preamble is received, a UL grant for Msg3 transmission and a temporary C-RNTI should be allocated in the RAR. The UE should transmit a UE context identity delivered from CCCH in Msg3. If the gNB successfully receives the Msg3, the gNB can schedule a DL transmission of Msg4 with UE Contention Resolution Identity MAC CE included. Upon reception of the UE Contention Resolution Identity MAC CE in DL Msg4 which matches the 48 first bits of the CCCH SDU, the UE will consider the contention resolution successfully completed.
Proposal 2: For random access for transition from INACTIVE to CONNECTED, contention resolution is based on UE Contention Resolution Identity MAC CE included in Msg4. Upon reception of the UE Contention Resolution Identity MAC CE in Msg4 which matches the CCCH SDU, the UE considers the contention resolution successfully completed.
3 Contention Resolution Identity MAC CE
In legacy LTE, the UE Contention Resolution Identity MAC CE is shown in Figure.1, which has a fixed 48-bit size. The field contains the first 48 bits of the uplink CCCH SDU if the CCCH SDU is longer than 48 bits. Currently, there is no strong reason to say the MAC CE is not applicable. Therefore, the concept of Contention Resolution Identity MAC CE can be reused and take the design format in legacy LTE as baseline. 
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Figure 1: UE Contention Resolution Identity MAC control element
Proposal 3: Reuse the concept of UE Contention Resolution Identity MAC control element in LTE.
4 Msg4 Content for Contention Resolution
There is an on-going topic on the details of Msg4 content to confirm the successful Msg3 in CP. There are mainly two options for Msg4 content summarized via email discussion in [3]:

· Option 1: Msg3 content is reflected as such in Msg4. It is in line with LTE and is used for contention resolution. 

· Option 2: A Bitmap is used to indicate the presence of acknowledge for SI request in Msg4.
If option 1 is adopted, it needs further discussion whether the legacy first 48 bits of the uplink CCCH SDU is still applicable. While if option 2 is used, 48 bit is unnecessary due to there are not so many kinds of SI request. Therefore, RAN2 is requested to discuss the size and content of the UE Contention Resolution Identity in combination with discussion of Msg4 content.

Proposal 4: RAN2 is requested to discuss the size and content of the UE Contention Resolution Identity in consultation with CP discussion in Msg4.
For the 4-step RACH procedure within an NR Cell with multiple TRPs and with greater number of UEs, under a given preamble sequence pool size that is the same as in LTE (i.e., 64), the rate of collision (that multiple UEs select the same preamble index on the same time and frequency resource) can be higher. Methods to reduce random access collision include increasing RACH resources and preamble sequence pool size. In LTE contention resolution, only one UE among all collided UEs gets a formal C-RNTI (or continue using its existing C-RNTI if it has one) while other collided UEs have to restart RACH.

In NR, the enlarged cell size and/or directional beamformed transmission in high frequency regime can be an advantage to resolve the RACH collision such that more than one collided UEs in an NR cell after RACH can be successfully set up the connection and assigned (different) C-RNTIs. If NR contention resolution is not successful, it falls back to LTE-like contention resolution and the collided UEs other than the successful UE restart RACH. In this contribution, the ‘colliding UE’ is defined as UEs that collide in preamble and resource domain, similar to legacy LTE. The procedure is as follows.
· Multiple UEs randomly selected the same preamble, the same time and frequency resource for initial access transmission of Msg1 (although these Msg1 can be received by different sets of receiving TRPs that are separated geographically, or by different antenna beam pairs of different TRPs that use the same resources associated with the same SS blocks in the NR Cell).
· One Msg2 is sent to assign the same UL grant/TA/temporary C-RNTI to colliding UEs
· Colliding UEs transmit on the same resource in Msg3 with the same TA and are addressed to the same temporary C-RNTI. Msg3 could carry C-RNTI (if UE already has one) or a contention resolution ID. The mutual interference among multiple Msg3 can be mitigated through 1) multiple UL grants in Msg3 re-transmission [4], or 2) other possible interference mitigation schemes. Given a lower order modulation and coding scheme in Msg3 and in scenarios like dense urban, it is possible that more than one Msg3 can be decoded, although the TA conveyed in Msg2 may be for only one UE or a mixture of all colliding UEs.
· In this case gNB identifies multiple colliding UEs via their distinct C-RNTI or contention resolution ID in Msg3. Among these decoded (resolved) UEs, assuming there are M UEs that have C-RNTI (connected/inactive UEs), and N UEs that do not have C-RNTI (idle UEs), multiple (M+N) Msg4 can be sent out to each decoded colliding UE for their connection set up. Msg4(s) that correspond to M decoded colliding UEs with existing C-RNTI are addressed to C-RNTI that gNB receives in Msg3, and each of the M UE finds its contention resolution successful if it successfully de-scrambles using its C-RNTI and decodes Msg4, before it continues using its existing C-RNTI and discards temporary C-RNTI; otherwise, it restarts RACH. Msg4 that corresponds to the N decoded colliding idle UE is addressed to the same temporary C-RNTI, and each of these N UE looks for its own contention resolution ID echoed in Msg4. In LTE, if a UE does not detect its contention resolution ID in Msg4, it assumes it is not decoded and restarts RACH. Now with N colliding idle UEs being detected and identified, for one of the N UEs, no new C-RNTI is assigned in its Msg4, it then promotes its temporary C-RNTI to permanent one. The rest (N-1) Msg4s that correspond to the N-1 decoded colliding idle UEs can each carry a new C-RNTI. These N-1 new C-RNTIs are different from the temporary C-RNTI in Msg2 and different from each other. The resolved N-1 UEs get new C-RNTIs in Msg4 and discards its temporary C-RNTI. After receiving respective ACK of each Msg4, gNB associates each UE with the promoted temporary C-RNTI or its assigned new C-RNTI, and sets up the connection with the UEs. With this approach, new procedures are required and the design of Msg4 should support carrying of a new optional C-RNTI for potential contention resolution in NR.
Proposal 5: when more than one colliding UEs with contention resolution IDs are resolved, multiple Msg4s can be sent to the UEs with corresponding contention resolution IDs and at the same temporary C-RNTI.
Proposal 6: NR RACH contention resolution should support assignment of an optional C-RNTI field in Msg4 that contains a C-RNTI different from the temporary C-RNTI assigned in Msg2.
Proposal 7: If a contention resolved UE finds a C-RNTI in the Msg4, the UE adopts the Msg4 assigned C-RNTI. If the Msg4 does not include a C-RNTI, the UE promotes its temporary C-RNTI as its formal C-RNTI.
5 Conclusion and Proposals
Proposal 1: For those RA cases existing in LTE including initial access from IDLE to CONNECTED, re-establishment, handover, DL data arriving and UL data arriving, the existing contention resolution mechanisms defined in LTE can be reused as the baseline solution.

Proposal 2: For random access for transition from INACTIVE to CONNECTED, contention resolution is based on UE Contention Resolution Identity MAC CE included in Msg4. Upon reception of the UE Contention Resolution Identity MAC CE in Msg4 which matches the CCCH SDU, the UE considers the contention resolution successfully completed.

Proposal 3: Reuse the concept of UE Contention Resolution Identity MAC control element in LTE.

Proposal 4: RAN2 is requested to discuss the size and content of the UE Contention Resolution Identity in consultation with CP discussion in Msg4.
Proposal 5: when more than one colliding UEs with contention resolution IDs are resolved, multiple Msg4s can be sent to the UEs with corresponding contention resolution IDs and at the same temporary C-RNTI.
Proposal 6: NR RACH contention resolution should support assignment of an optional C-RNTI field in Msg4 that contains a C-RNTI different from the temporary C-RNTI assigned in Msg2.
Proposal 7: If a contention resolved UE finds a C-RNTI in the Msg4, the UE adopts the Msg4 assigned C-RNTI. If the Msg4 does not include a C-RNTI, the UE promotes its temporary C-RNTI as its formal C-RNTI.
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