3GPP TSG-RAN WG2 #96
                R2-168520
Reno, Nevada, USA, 14th – 18th November, 2016
Agenda item:

9.2.1.4
Source:
Intel Corporation

Title:
2-Step random access procedure in NR
Document for:

Discussion and Decision
1      Introduction
RAN 1 sent a LS [1] to request for some feedback on UE identities and associated procedure and also ask the corresponding applicable scenarios for 2-step random access procedure
In this contribution, we attempt to discuss the applicable scenarios that may benefit with a 2-step contention based procedure and then study the feasibility from a higher layer point of view (e.g. how contention resolution can be performed etc.).

2      Discussion
2.1     Applicable scenarios
In LTE, the random access procedure is performed for initial access and any scenarios where the UE has no direct or dedicated means of communicating with the eNB, e.g. no dedicated SR, UL not time-aligned while there is available DL/UL data, handover to a new target cell not synchronised with the previous cell. These scenarios are still applicable scenarios for random access in NR.

In addition, for NR, random access may also be used for small data transmission. Also, in Rel-14 light connection and in NR, random access may also be initiated to perform area update for RAN paging.  

With 2-step random access, it can reduce the number of handshaking between the eNB and the UE (i.e. reduce the latency for e.g. SR transmission, time alignment for UL data availability) and/or allow the UE to move back to high power saving state (e.g. idle mode, new inactive state etc.) quicker in the case of small user data transmission and RAN based paging area updates.
Observation#1: It is useful in terms of reducing latency and/or reducing UE power consumption for small data transmissions (e.g. SR transmission and UL time alignment for available UL data, one-off small user data, RAN based paging area update etc.).
If unlicensed access is introduced and random access procedure is needed, it can also be used to reduce the number of LBT. Instead of 4 LBT for the 4-step random access, it can be reduced to 2 LBT with a 2-step random access procedure.

Observation#2: It is useful in terms of reducing LBT for unlicensed access if random access procedure is to be used.
If necessary, it can also be used to reduce control plane latency, i.e. faster RRC Connection establishment and faster resume procedure due to the reduce steps.
Observation#3: It can also help in reducing control plane latency for initial access further, if needed.
Another scenario where a Message1 with combined preamble and message is useful is during handover where it allows handover command to be sent during Message1 instead of after the RAR has been received by the UE. This will help in reducing handover interruption time.
It can be observed from Observation#1 to #3 that 2-step random access procedure may be useful when low latency and/or low UE power consumption is important. However, the gain in latency and UE power saving may depend on how RAN 1 designs the Message1 and the load condition when it is used. Some evaluation on the collision probability on combined preamble and message in Message1 may also be needed.  Hence it would seem that RAN2 should wait for RAN 1 for further evaluation of the 2-step random access.
Proposal#1: 2-step random access procedure may be useful when low latency and/or low UE power consumption is important. However, RAN 2 should wait for RAN 1 for further evaluation of the 2-step random access procedure and the load condition when it can be used for achieving the low latency and/or UE power saving. The following are some of such applicable scenarios that may benefit from 2-step random access:

· Small user data transmission

· Area Update in Inactive State

· Handover to target gNB

· Reduce latency for MAC and RRC signalling (initial access, resume, SR over RACH, UL time-alignment with DL/UL availability)

2.2     2-Step procedure
The high level 2 step random access procedure is illustrated as follow:
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In Step 1, the UE sends the preamble and a request message. The PRACH preamble can be used as reference signals for coherent detection of data transmitted as well as for time alignment if needed. The request message can be just indicating the UE ID for contention resolution.
In Step 2, the eNB sends a response message back to the UE and at least include the UE ID for contention resolution.

Contents of Message1 

Based on the applicable scenarios in Section 2.1, the Message 1 (other than the preamble) can be used to send RRC Connection Request message, RRC Resume Request message, SR contents with UE ID or just UE ID.

Observation#4: Contents of Message1: preamble + {RRC Connection Request/RRC Resume Request or SR Contents + UE ID or just UE ID} 
UE ID identities for Contention Resolution and UE context identification
Based on the applicable scenarios in Section 2.1, the UE ID (corresponding to the LTE) can be one of the following:
· S-TMSI (RRC Connection establishment)

· RandomValue (for Attach/TAU and Area update for RAN paging)

· C-RNTI (UE in RRC Connected mode)

· ResumeID (Resume)
In LTE, the S-TMSI, RandomValue and ResumeID in the RRC message in Message1 can be sent in the UE Contention Resolution Identity MAC control element in Step-2 and in the case where there is no RRC message, the C-RNTI MAC CE in Message1 is echoed back in Step-2 for contention resolution.  In the RRC Connection Resume and RRC Connection Re-establishment case, the UE ID can also be used for UE context identification. With correct choice of UE ID, the UE_ID in Message1 can serve both contention resolution and UE context identification.
Observation#5: The UE ID can be S-TMSI, RandomValue, C-RNTI and ResumeID
Observation#6: The same contention resolution as in LTE can be applied here also for contention resolution in the 2-step random access procedure. 

Determine the presence of Message 2

There are several ways of determining the presence of Message2 in random access window specifically for a 2-step random access:

1. Use PDCCH with RA-RNTI DCI where the DCI also include the preamble ID to indicate Step-2 response message. RA-RNTI is a function of time and frequency.
2. Use PDCCH with RA-RNTI DCI to indicate the Step-2 response message. RA-RNTI is a function of time, frequency and preamble index
During RA window, the UE upon sending a preamble X will attempt to decode in the case of (1) the DCI with the corresponding preamble X and in the case of (2) the DCI that is masked by RA-RNTI derived from the preamble X. 

Over here it is just to show the feasibility on how the Message2 frequency and time allocation can be singalled via a NR PDCCH. It should be left to RAN 1 to discuss the L1 control signalling for signalling the time and frequency resources for Message2.
Observatio#7: There are probably feasible ways to signal the presence of Message2 upon UE sending Message1. However, it should be left to RAN 1 to discuss the L1 control signalling for signalling the time and frequency resources for Message
Based on the above obserations (#4 to #7), the 2-step random access procedure seems feasible from RAN 2 perspective.

Proposal#2: From RAN2 procedure perspective, the 2-step random access procedure seems feasible.
2.3     Fallback to 4-step random access

It is possible that the eNB detects the preamble but not the message in Message1 due to collision or the message fails CRC. In this case, the eNB may just respond as though no message is received in Message1with a RAR containing the preamble using the 4-step RA-RNTI calculation. Upon receiving the RAR with its preamble, the UE can fallback to the 4-step random access procedure.
Proposal#3: If eNB detects the preamble but not the request message in Message1, the UE can fallback to 4-Step random access procedure.
3      Conclusion
In this contribution, the applicable scenarios, feasibility of the corresponding procedure and the UE ID for contention resolution for a 2-step random access procedure is discussed and has the following observations and proposal:
Observation#1: It is useful in terms of reducing latency and/or reducing UE power consumption for small data transmissions (e.g. SR transmission and UL time alignment for available UL data, one-off small user data, RAN based paging area update etc.).

Observation#2: It is useful in terms of reducing LBT for unlicensed access if random access procedure is to be used.

Observation#3: It can also help in reducing control plane latency for initial access further, if needed.

Proposal#1: 2-step random access procedure may be useful when low latency and/or low UE power consumption is important. However, RAN 2 should wait for RAN 1 for further evaluation of the 2-step random access procedure and the load condition when it can be used for achieving the low latency and/or UE power saving. The following are some of such applicable scenarios that may benefit from 2-step random access:

· Small user data transmission

· Area Update in Inactive State

· Handover to target gNB

· Reduce latency for MAC and RRC signalling (initial access, resume, SR over RACH, UL time-alignment with DL/UL availability)

Observation#4: Contents of Message1: preamble + {RRC Connection Request/RRC Resume Request or SR Contents + UE ID or just UE ID} 
Observation#5: The UE ID can be S-TMSI, RandomValue, C-RNTI and ResumeID

Observation#6: The same contention resolution as in LTE can be applied here also for contention resolution in the 2-step random access procedure. 

Observatio#7: There are probably feasible ways to signal the presence of Message2 upon UE sending Message1. However, it should be left to RAN 1 to discuss the L1 control signalling for signalling the time and frequency resources for Message

Proposal#2: From RAN2 procedure perspective, the 2-step random access procedure seems feasible.

Proposal#3: If eNB detects the preamble but not the request message in Message1, the UE can fallback to 4-Step random access procedure.
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