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1 Introduction

In last RAN2 #102 meeting, for RACH, it has been agreed:

For RACH, the following were agreed:
1. Both CBRA and CFRA are supported. Changes for NR-U operation will be studied
2. 4-step and 2 step CBRA procedure will be studied in conjunction with RAN1 progress
3. We will review the agreements made during Rel-14 eLAA WI regarding the random access procedure to determine if they can be the solution for CFRA access for NR-U

In this paper, we mainly discuss some mechanisms to handle the reduced transmission opportunities of msg 1/2/3/4 due to LBT failure.
2 Discussion

It was agreed both contention based RACH and contention free RACH should be supported for NR-U. For unlicensed operation, the LBT should be considered. Considering the 4-steps random access procedure, it would require 4 LBTs for each message transmission which significantly increase the delay.

Observation 1 LBT increases the delay for performing 4 steps RACH procedure.

There are several deployment scenarios need to be supported for NR-U as agreed in last RAN2 meeting:

1. The scope of RAN2 study include the same deployment scenarios agreed for RAN1 evaluation, namely NR-U LAA, NR-U SA, ENU-DC, NNU-DC as well as an NR cell with DL in unlicensed band and UL in licensed band.

For different scenarios, different schemes to improve the 4-steps RACH due to LBT may be considered. For scenarios where there are licensed carriers assisted, e.g., NR-U LAA, ENU-DC and NNU-DC, it could be possible that some messages of the RACH procedure can be sent on the licensed carrier. 

More specifically, for NR-U LAA, there may be no need to support contention based RACH on unlicensed SCells like in current eLAA. For contention free RACH, the msg 1 can be sent on the unlicensed carrier with LBT but the msg2 can be scheduled on licensed carrier, we may refer to the design for the contention free RACH for eLAA, and some agreements are attached in the Annex.

Proposal 1 For NR-U LAA, contention based RACH on the unlicensed SCell is not supported;

Proposal 2 For NR-U LAA, contention free RACH is supported with msg1 transmitted on unlicensed SCells and msg2 transmitted on licensed PCell.

For ENU-DC and NNU-DC cases, the MCG is on the licensed carrier while SCG is operating on the unlicensed carrier. It could be possible that msg2 can be sent on the licensed cell group while the msg1 is sent on secondary cell group by performing LBT.
For NR-U SA case, some possible enhancements are listed bellows:

· Multiple msg 1 transmissions

In the current RACH procedure, only single msg1 is transmitted if RACH is initiated. If there is no RAR received in the RAR window or if the contention resolution is failed, UE will apply possible backoff or power ramping before retransmit msg1 again. In NR-U operation, the msg1 could be blocked due to LBT failure, in this case, UE has to wait to the next PRACH occasion to perform the msg1 transmission which increase the delay. In this case, network may configured multiple available RACH occasions for the UE to perform multiple msg1 transmissions, for those PRACH occasions with successful LBT, the msg1 can be transmitted.

Proposal 3 Multiple msg1 can be transmitted for a RACH procedure for NR-U SA.

· Dynamically extended RAR window
When msg1 is transmitted, UE starts the configured RAR window and during the window the RAR is monitored. However, due to LBT, the RAR may be blocked thus there is no RAR in the window. One possible way is extend the configured RAR window to a larger value. However, this will cause unnecessarily monitoring of RAR is network has not even received the msg1 due to collision.
An alternative way is to dynamically extend the RAR window if the RAR is not received in the previous RAR window. An offset can be configured to the UE when the RAR window is extended. With this approach, the network may have more time budget to send the RAR if the RAR is blocked by LBT.

For contention resolution timer, this mechanism is also applied when an offset is configured to the UE.

Proposal 4 RAR window can be dynamically extended if the RAR is not received in the previous RAR window for NR-U SA.

Proposal 5 Contention resolution timer can be dynamically extended if the msg4 is not received in the previous timer for NR-U SA.

3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
LBT increases the delay for performing 4 steps RACH procedure.
Proposal 1
For NR-U LAA, contention based RACH on the unlicensed SCell is not supported;
Proposal 2
For NR-U LAA, contention free RACH is supported with msg1 transmitted on unlicensed SCells and msg2 transmitted on licensed PCell.
Proposal 3
Multiple msg1 can be transmitted for a RACH procedure for NR-U SA.
Proposal 4
RAR window can be dynamically extended if the RAR is not received in the previous RAR window for NR-U SA.
Proposal 5
Contention resolution timer can be dynamically extended if the msg4 is not received in the previous timer for NR-U SA.


4 Annex
The agreements reached in RAN2#93bis are listed below.

Contention based RA is not supported. Only contention free random access is supported on LAA cells if the NW decides to use RA.

Higher layers (e.g. MAC) are not expected to know the outcome of LBT when building the respective PDUs.

PHY can indicate to higher layers (such as MAC) if a transmission was not performed due to LBT.

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

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)

Only PDCCH order triggered RACH is allowed for LAA SCell;

For LAA SCell(s), RAR can be transmitted via PCell. FFS whether RAR can be transmitted via SCells

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

The agreements reached in RAN2#94 are listed below.

RAN2 confirms that we will specify that the dedicated RAP is used for a limited time duration only for LAA SCell (CR details are still FFS).

Introduce a new random access preamble transmission attempt counter PREAMBLE_ATTEMPT_COUNTER which is incremented regardless of whether a transmission occurs

Transmission of RAR always happens in PCell.

For calculation of RA-RNTI, the existing formula can be reused, i.e., t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10) and f_id is the index of the specified PRACH interlace/PRB within that subframe 0≤ f_id< 6.

The RA preamble (re)transmission should always be in the same LAA SCell.

Use a predefined HARQ process ID for RAR for eLAA. (same mechanism can be re-used for Rel-13 eMTC.)
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