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1 Introduction

RAN2 has not yet discussed the contention resolution mechanism for contention based random access (CBRA). In this contribution we discuss the contention resolution mechanism for CBRA.

2 Discussion
In NR [1] we have agreed to support 4 step CBRA procedure as shown in Figure 1. If multiple UEs transmit Msg1 using same PRACH preamble and PRACH resource, same Msg2 can be received by multiple UEs leading to transmission of Msg3 by multiple UEs in same UL grant. GNB will successfully decode one of the Msg3 and transmit Msg4. The UEs which has transmitted the Msg3 and received Msg4 should be able to identify whether the received Msg4 corresponds to Msg3 transmitted by them or not.
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Figure 1
In LTE [2] following mechanisms are used for contention resolution.

Case 1: C-RNTI MAC CE was included in Msg3

This is the case when UE performs CBRA in RRC_CONNECTED state. In this case gNB transmits PDCCH addressed to C-RNTI included in Msg3. Since C-RNTI is UE specific, reception of PDCCH addressed to C-RNTI after transmitting the Msg3 is used for contention resolution. For CBRA initiated (i.e. by MAC or RRC) by UE, gNB provides UL grant to UE after receiving Msg3. For CBRA initiated (i.e. using PDCCH order) by gNB UL grant may not be provided to UE after receiving Msg3. So the contention resolution is successful if one of the following conditions is met:

·  If the Random Access procedure was initiated by the MAC sublayer itself or by the RRC sublayer and the PDCCH transmission is addressed to the C-RNTI and contains an UL grant for a new transmission; 

OR

· if the Random Access procedure was initiated by a PDCCH order and the PDCCH transmission is addressed to the C-RNTI
Case 2: C-RNTI MAC CE was not included in Msg3

This is the case when UE performs CBRA in RRC_IDLE or RRC_CONNECTED state. In this case gNB transmits PDCCH addressed to Temporary C-RNTI included in Msg2 after receiving the Msg3. UE Contention Resolution Identity is also included in Msg4. The UE Contention Resolution Identity is the first 48bits of CCCH SDU transmitted in Msg3. UE Contention Resolution Identity is unique as it includes UE ID.  The contention resolution is successful if the UE Contention Resolution Identity received in Msg4 matches the 48 bits of CCCH SDU transmitted in Msg3.

In NR we do not see a reason to modify the mechanisms used for contention resolution. We propose to follow the same mechanism in NR for contention resolution.

Proposal 1: As in LTE, if C-RNTI MAC CE was included in Msg3, the contention resolution is successful if one of the following conditions is met:

·    If the Random Access procedure was initiated by the MAC sublayer itself or by the RRC sublayer and the PDCCH transmission is addressed to the C-RNTI and contains an UL grant for a new transmission; 

·    If the Random Access procedure was initiated by a PDCCH order and the PDCCH transmission is addressed to the C-RNTI
Proposal 2: As in LTE, if C-RNTI MAC CE was not included in Msg3, the contention resolution is successful if the UE Contention Resolution Identity received in Msg4 matches the first ‘X’ bits of CCCH SDU transmitted in Msg3. The value of ‘X’ is FFS.
Proposal 3: As in LTE, after transmitting Msg3, UE starts mac-ContentionResolutionTimer and restart mac-ContentionResolutionTimer at each HARQ retransmission. If mac-ContentionResolutionTimer expires, contention resolution is considered not successful.
In LTE, if C-RNTI MAC CE was not included in Msg3 then upon successful contention resolution, the temporary C-RNTI is promoted to C-RNTI. In NR, Msg3 can be used to indicate SI request. In this case after receiving Msg4, UE does not transition to RRC_CONNECTED state. So in this case temporary C-RNTI should be discarded instead of promoting it to C-RNTI.

Proposal 4: If C-RNTI MAC CE was not included in Msg3 then upon successful contention resolution, the temporary C-RNTI is promoted to C-RNTI if SI request was not transmitted in Msg3.
Proposal 5: Adopt the changes in Appendix in MAC Specification
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposal:
Proposal 1: As in LTE, if C-RNTI MAC CE was included in Msg3, the contention resolution is successful if one of the following conditions is met:

·    If the Random Access procedure was initiated by the MAC sublayer itself or by the RRC sublayer and the PDCCH transmission is addressed to the C-RNTI and contains an UL grant for a new transmission; 

·    If the Random Access procedure was initiated by a PDCCH order and the PDCCH transmission is addressed to the C-RNTI
Proposal 2: As in LTE, if C-RNTI MAC CE was not included in Msg3, the contention resolution is successful if the UE Contention Resolution Identity received in Msg4 matches the first ‘X’ bits of CCCH SDU transmitted in Msg3. The value of ‘X’ is FFS.
Proposal 3: As in LTE, after transmitting Msg3, UE starts mac-ContentionResolutionTimer and restart mac-ContentionResolutionTimer at each HARQ retransmission. If mac-ContentionResolutionTimer expires, contention resolution is considered not successful.
Proposal 4: If C-RNTI MAC CE was not included in Msg3 then upon successful contention resolution, the temporary C-RNTI is promoted to C-RNTI if SI request was not transmitted in Msg3.
Proposal 5: Adopt the changes in Appendix in MAC Specification.
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5 Appendix

5.1.5
Contention Resolution

Contention Resolution is based on either C-RNTI on PDCCH of the SpCell or UE Contention Resolution Identity on DL-SCH.


Once Msg3 is transmitted, the MAC entity shall:

1>
start ra-ContentionResolutionTimer and restart ra-ContentionResolutionTimer at each HARQ retransmission;

1>
monitor the PDCCH while ra-ContentionResolutionTimer is running;

Editor's note: handling of measurement gap may need to be specified to the above sentence (as in LTE).

1>
if notification of a reception of a PDCCH transmission is received from lower layers:

2>
if the C-RNTI MAC CE was included in Msg3:

3>
if the Random Access procedure was initiated by the MAC sublayer itself or by the RRC sublayer and the PDCCH transmission is addressed to the C-RNTI and contains an UL grant for a new transmission; or 

3>
if the Random Access procedure was initiated by a PDCCH order and the PDCCH transmission is addressed to the C-RNTI:

4>
consider this Contention Resolution successful;

4>
stop ra-ContentionResolutionTimer;

4>
discard the TEMPORARY_C-RNTI;

4>
consider this Random Access procedure successfully completed.

2>
else if the CCCH SDU was included in Msg3 and the PDCCH transmission is addressed to its TEMPORARY_C-RNTI:

3>
if the MAC PDU is successfully decoded:

4>
stop ra-ContentionResolutionTimer;

4>
if the MAC PDU contains a UE Contention Resolution Identity MAC CE; and

4>
if the UE Contention Resolution Identity in the MAC CE matches the CCCH SDU transmitted in Msg3:

5>
consider this Contention Resolution successful and finish the disassembly and demultiplexing of the MAC PDU;

5>
if SI request was not transmitted in Msg3: 

6> set the C-RNTI to the value of the TEMPORARY_C-RNTI;

5>
discard the TEMPORARY_C-RNTI;
5>
consider this Random Access procedure successfully completed.

4>
else

5>
discard the TEMPORARY_C-RNTI;

5>
consider this Contention Resolution not successful and discard the successfully decoded MAC PDU.

1>
if ra-ContentionResolutionTimer expires:

2>
discard the TEMPORARY_C-RNTI;

2>
consider the Contention Resolution not successful.

1>
if the Contention Resolution is considered not successful:

2>
flush the HARQ buffer used for transmission of the MAC PDU in the Msg3 buffer;

Editor's note: Need to have input from RAN1 on power ramping suspension (in LTE), and can be added later.
2>
increment PREAMBLE_TRANSMISSION_COUNTER by 1;
2>
if the notification of UL TX beam change has not been received from lower layers:

3>
increment PREAMBLE_POWER_RAMPING_COUNTER by 1;
Editor's note: RAN2 should also get confirmation from RAN1on the notification of UL TX beam change. The name of the notification can also be discussed.

2>
if PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1:

3>
indicate a Random Access problem to upper layers.

2>
select a random backoff time according to a uniform distribution between 0 and the PREAMBLE_BACKOFF;
2>
delay the subsequent Random Access Preamble transmission by the backoff time;

2>
perform the Random Access Resource selection procedure (see subclause 5.1.2).
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