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1. Introduction

In RAN1#84 meeting, the following was agreed regarding random access in LAA SCell [1].
Agreements:
· Contention based PRACH transmission on LAA Scell is not supported in Rel-14

· Non-contention based PRACH transmission on LAA Scell is supported in Rel-14 subject to LBT

· FFS: PRACH duration up to 1msec is supported

· FFS: A UL transmission burst containing PRACH without other UL channel immediately follows a single idle observation interval of at least 25 micro sec

· FFS: new PRACH waveform

In RAN1#84bis meeting, the following was agreed as working assumption [2].
· PRACH resource configuration in time and frequency in LAA SCell:

· RRC configuration of frequency resource(s), sequence set, and time domain resources

· Omitting time domain resources from the RRC configuration can be studied, considering e.g. interactions with LBT. 
· FFS whether any of the following can be dynamically adapted by PDCCH, or deterministically derived by the UE:

· time domain resources

· frequency resources for actual transmission
· sequences for actual transmission
· If using PDCCH, FFS whether common or UE-specific
Also, in RAN2#93bis meeting, the following was agreed.

Agreements

1
The UE does not increase the preamble transmission power when a preamble is not transmitted due to LBT.

2
For dedicated preambles there will be a limit for how long the UE can use that preamble (how this is achieved in spec is FFS)

Agreements

1: Only PDCCH order triggered RACH is allowed for LAA SCell;

2: For LAA SCell(s), RAR can be transmitted via PCell.

FFS whether RAR can be transmitted via SCells

3: UL grant in RAR should be respected even if there is no data for transmission in the UL buffers.

In this contribution, we discuss the special points to consider in supporting non-contention based random access procedure in LAA SCell.
2. Random access procedure
PRACH resource
In legacy LTE, time-frequency PRACH resources available for PRACH transmission are configured as “PRACH configuration index” by RRC [3]. Then, actual PRACH resource where the UE should transmit PRACH is decided within the configured PRACH resources by the combination of PDCCH order reception timing and “PRACH resource index” which is indicated by 4 bits “PRACH Mask Index” field in PDCCH order [4].
For LAA SCell, it will be better to not restrict the subframes available for PRACH transmission since there is no guarantee on the channel acquisition for the PDCCH order transmission of eNB or PRACH transmission of UE in a pre-configured subframe. In other words, it is suggested UE transmits PRACH in any subframe decided by a given timing offset from the PDCCH order reception timing. However, this operation is already supported by legacy PRACH procedure by configuring PRACH configuration index which corresponds to subframe numbers 0 to 9 with “Any” system frame number, and indicating “All PRACH resources” by PRACH Mask Index in PDCCH order. 
Observation 1: With legacy PRACH subframe configuration for FDD, it is already possible triggering PRACH transmission in any subframe
In legacy LTE, single PRACH resource is defined in frequency domain in a subframe in FDD while multiple PRACH resource can be configured in frequency domain in a subframe in TDD. For LAA SCell, there is no restriction to the subframes which can be used for UL and any subframe can be used for PRACH transmission. Therefore, FDD type of PRACH resource definition is preferable for simplicity.
Suggestion 1: In LAA SCell, single PRACH resource can be defined in a subframe.
PRACH transmission timing
In legacy LTE, UE should transmit PRACH in a latest subframe available for PRACH transmission 6 subframes after PDCCH order reception [4]. In LAA SCell, it would be beneficial to enable PDCCH order transmitted in a subframe to trigger PRACH transmissions of different UEs in different subframes since eNB should succeed to acquire the channel to transmit PDCCH order in a subframe. However, this is already possible by PRACH Mask Index field in PDCCH order [4].
Observation 2: With legacy PDCCH order, it is already possible to assign flexible PRACH transmission timing
In LAA SCell, UE may not be able to transmit PRACH in a subframe indicated by PDCCH order if it fails to acquire the channel. Since UL synchronization via PRACH transmission can be time-critical and there is no guarantee that eNB can acquire the channel to transmit PDCCH order soon again in case of self-carrier scheduling, it is beneficial to allow UE with multiple candidate subframes for PRACH transmission triggered by a single PDCCH order. 
In addition, when a UE is configured with multiple LAA SCells, it can be also considered to allow multiple candidate LAA SCells for PRACH transmission triggered by a single PDCCH order. It should be noted that assigning multiple candidate SCells by multiple PDCCH order may be already possible with existing LTE specifications.

Suggestion 2: In LAA SCell, a PDCCH order can assign multiple candidate subframes for PRACH transmission

· It can be also considered that a PDCCH order can assign multiple candidate LAA SCells for PRACH transmission 

PRACH retransmission
In legacy LTE, UE should automatically retransmit PRACH if it doesn’t receive RAR (random access response) corresponding to the transmitted PRACH sequence within a given time window. In LAA SCell, UE’s autonomous PRACH retransmission may not be desirable since eNB should reserve all the possible subframes for PRACH retransmission until it detects PRACH. If UE autonomous retransmission of PRACH after RAR window is not supported in LAA SCell, UE’s PRACH transmission power should be set large enough to guarantee required coverage. On the other hand, if UE’s autonomous PRACH retransmission is allowed as in legacy LTE, UE should not apply transmit power ramping if it hasn’t transmit PRACH due to channel acquisition failure before the RAR window. However, RAN1 may not need to discuss this aspect since RAN2 already agreed with the later approach.
Observation 3: RAN2 already agreed with option 2 below as UE behaviour when the UE doesn’t receive RAR corresponding to the transmitted PRACH sequence.
Option 1) UE stops PRACH transmission
Option 2) UE autonomously retransmits PRACH as in legacy LTE. UE should not apply transmit power ramping if it hasn’t transmit PRACH due to channel acquisition failure before the RAR window
PUSCH triggered by RAR
In legacy LTE, PUSCH transmission is scheduled by RAR and the UE transmits corresponding PUSCH in the same cell where the PRACH was transmitted. However, it may be inefficient to transmit PUSCH on the LAA SCell as the response to the RAR since PUSCH transmission can be dropped due to channel acquisition failure. On the other hand, eNB needs a confirmation on the correct reception of the RAR from the UE. Therefore, following options can be considered for the UE behaviour after receiving RAR for the LAA SCell..

Option 1) PUSCH corresponding to RAR for LAA SCell is transmitted on PCell (or configurable SCell).

Option 2) RAR for LAA SCell triggers PUSCH transmission in LAA SCell. In this case, details of the PUSCH scheduling information (e.g., HARQ process, redundancy version, PUSCH transmission timing) should be decided reflecting general design of PUSCH scheduling in LAA SCell.

Option 3) RAR for LAA SCell doesn’t trigger PUSCH transmission. Instead, UE transmits HARQ-ACK feedback for the RAR

However, option 3 above may not be compliant with current RAN2 decision which respects UL grant in RAR. Therefore, we suggest the following.

Suggestion 3: Following options are considered for the UE behaviour after receiving RAR for the LAA SCell.
Option 1) PUSCH corresponding to RAR for LAA SCell is transmitted on PCell (or configurable SCell).

Option 2) RAR for LAA SCell triggers PUSCH transmission in LAA SCell. In this case, details of the PUSCH scheduling information (e.g., HARQ process, redundancy version, PUSCH transmission timing) should be decided reflecting general design of PUSCH scheduling in LAA SCell.
PRACH LBT blocking by PUSCH
In [5], it was discussed how to handle the potential blocking of LBT for PRACH transmission of a UE due to other UE’s PUSCH transmission with advanced timing. Even though this potential problem may be avoided by defining additional TA offset for PRACH transmission for small cell coverage case as suggested in [5], this may not be a general solution since UE’s actual carrier sensing timing in a CCA slot can be arbitrary and larger cell coverage cannot be covered by additional timing offset.
Suggestion 4: One or combinations of the following options are considered to mitigate potential blocking of LBT for PRACH transmission of a UE due to other UE’s PUSCH transmission with advanced timing.

Option 1) additional TA offset for PRACH configurable by RRC or PDCCH order

Option 2) UE’s carrier sensing timing in a CCA slot should be confined within starting part of the CCA slot
Option 3) Increasing CCA slot size for PRACH than other physical channels
3. Summary and conclusions

In this paper, we discussed random access procedure for LAA SCell. The observations and suggestions of this paper are summarized as follows.
Observation 1: With legacy PRACH subframe configuration for FDD, it is already possible triggering PRACH transmission in any subframe
Suggestion 1: In LAA SCell, single PRACH resource is defined in a subframe.
Observation 2: With legacy PDCCH order, it is already possible to assign flexible PRACH transmission timing
Suggestion 2: In LAA SCell, a PDCCH order can assign multiple candidate subframes for PRACH transmission

· It can be also considered that a PDCCH order can assign multiple candidate LAA SCells for PRACH transmission 

Observation 3: RAN2 already agreed with option 2 below as UE behaviour when the UE doesn’t receive RAR corresponding to the transmitted PRACH sequence.
Option 1) UE stops PRACH transmission
Option 2) UE autonomously retransmits PRACH as in legacy LTE. UE should not apply transmit power ramping if it hasn’t transmit PRACH due to channel acquisition failure before the RAR window
Suggestion 3: Following options are considered for the UE behaviour after receiving RAR for the LAA SCell.
Option 1) PUSCH corresponding to RAR for LAA SCell is transmitted on PCell (or configurable SCell).

Option 2) RAR for LAA SCell triggers PUSCH transmission in LAA SCell. In this case, details of the PUSCH scheduling information (e.g., HARQ process, redundancy version, PUSCH transmission timing) should be decided reflecting general design of PUSCH scheduling in LAA SCell.
Suggestion 4: One or combinations of the following options are considered to mitigate potential blocking of LBT for PRACH transmission of a UE due to other UE’s PUSCH transmission with advanced timing.

Option 1) additional TA offset for PRACH configurable by RRC or PDCCH order

Option 2) UE’s carrier sensing timing in a CCA slot should be confined within starting part of the CCA slot
Option 3) Increasing CCA slot size for PRACH than other physical channels
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