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Introduction
In RAN2#103, the following is agreed:
R2 assumes that RACH may be enhanced by additional opportunities, e.g. in time or frequency domain, FFS which messages the additional opportunities apply to.
Will study the model of single-RACH procedure. FFS multiple parallel procedure model 
Will study impact to PREAMBLE_TRANSMISSION_COUNTER, PREAMBLE_POWER_RAMPING_COUNTER, ra-ResponseWindow, ra-ContentionResolutionTimer
It is FFS if LBT failure knowledge would be used in MAC (if available), e.g. to decide whether to increments counters PREAMBLE_POWER_RAMPING_COUNTER PREAMBLE_TRANSMISSION_COUNTER, or start stop of timers.

In this contribution, we discuss single-RACH vs multiple parallel RACH procedure, on how to add further opportunities for each message and also the need to know LBT failure knowledge to MAC for RACH.
Discussion
Single-RACH vs multiple parallel RACH procedure
In order to discuss the pros and cons of single-RACH and multiple parallel RACH procedure, there is a need to first characterize the 2 procedures from the transmitter and receiver point of view.  
In our view, a single RACH procedure means that at any one time there is only 1 real transmission for a random access message from the transmitter point of view, even though the transmitter may be provided with multiple opportunities in time and frequency for the transmission. From the receiver point of view, it may have to monitor multiple resource allocation in time and frequency, however it is only expected to receive 1 successful RA message.
On the other hand, a multiple parallel RACH procedure means that at any one time there may be 1 or more real transmission for a RA message from the transmitter point of view.  From the receiver point of view, other than monitor multiple resource allocation in time and frequency, it may also be expected to receive RA message from more than one. Furthermore, the receiver may not know that the multiple RA message is from the same transmitter (e.g. a UE may send multiple preamble to the network but the network does not know that they are from the same UE).
Observation#1: For a single RACH procedure, the transmitter will not transmit in more than 1 RA opportunities and the receiver is not expected to receive more than 1 successful RA message among the RA opportunities.
Observation#2: For a multiple parallel RACH procedure, the transmitter may transmit in more than 1 RA opportunity for the same RA Message and the receiver may receive more than 1 RA message from the same transmitter.
A quick analysis of the pros and cons of the 2 procedures from the transmitter and receiver point of view:
	
	Transmitter
	Receiver

	Single RA procedure
	Pros:
· Only 1 TX resource is used- does not incur further contention if the resource is shared
· Only 1 TX – save TX power consumption and reduce DL/UL interference. No need for power scaling on the UE side
· Align with the current RA procedure  - less impact and simple

Cons:
· None
	Pros:
· Align with the current RA procedure – less impact and simple
· Can achieve the multiple RA receptions via resource mapping between TX and RX (e.g. Msg1 resource is mapped to multiple Msg2 resources where UE needs to monitor)

Cons:
· None 

	Multiple/parallel RA procedure
	Pros:
· Multiple TX means that it will create multiple opportunities on the subsequent RA message (e.g. multiple Msg1 TX by a UE will result in multiple Msg2 TXs and hence increase the opportunities)

Cons:
· Multiple TX resource is used - increases the contention if the resource is shared
· Multiple TX – increase TX power consumption and increase DL/UL interference
· More complicated RA procedure 

	Pros:
· None

Cons: 
· May result in more complicated RA procedure – needs to discuss which successful reception to pick


From the above, single RA procedure seems to more simple and have more advantages than multiple parallel procedure.
Proposal#1: Only study the enhancement for single RA procedure. Single RA procedure has the following characteristics:
The transmitter will not transmit in more than 1 RA opportunity and the receiver is not expected to receive more than 1 successful RA message among the RA opportunities.
In the following sections, it is further studied on whether to increase the RA opportunities and on how to increase the RA opportunities for each message in a single RA procedure.
Which messages the additional RA opportunities should applied to
Msg1 transmission
LBT is performed on Msg1 transmission and hence increasing the RA opportunities for Msg1 transmission will be beneficial in reducing the overall RA delay due to LBT.
Proposal#2: Additional RA opportunities are needed for Msg1.
The question then is on how to achieve such additional RA opportunities for Msg1. One way to increase is via frequency domain. One obvious approach is to increase the number of PRACH transmission occasions FDMed in one time instance.  This can already be done in the existing configuration via Msg1-FDMed IE. The only thing that needs to ensure is that the FDMed occasions are not in the same 20MHz bandwidth as LBT is performed by regulation on a 20MHz bandwidth basis. Alternatively, it is possible to introduce multiple UL BWPs enabled for PRACH (re)transmission. For example the selection of the UL BWP can be based on RSSI, channel occupancy or LBT success/failure count or successful LBT. However this has implication on the RF as the UE has to switch to the BWP that pass LBT for transmission. 
In the case of a multi-beam deployment scenario, SSB is associated with PRACH resources so as to allow the network to know which DL beam to send the DL transmission (e.g. RAR). If the association of a SSB is always mapped to a particular time and frequency PRACH resources, the related PRACH transmission may end in the next available PRACH resources if LBT fails resulting in increased latency. It is hence beneficial if one SSB can also be associated with more than 1 PRACH occasion either FDMed or using different UL BWP in the same time instance.  
RAN2 can analyse whether it is feasible to increase the number of PRACH occasion FDMed in a time instance. Alternative it is to wait for RAN1 to provide feedback on providing further RA opportunities for PRACH to overcome LBT failure.
Proposal#3: RAN2 can study whether it is feasible to increase the number of PRACH occasion FDMed in a time instance for PRACH (re)transmission. Alternative it is to wait for RAN1 to provide feedback on providing further RA opportunities for PRACH to overcome LBT failure.
Msg2 reception
Due to transmission on unlicensed channel, the gNB may not be able to send the random access response message if LBT fails. In existing NR, the gNB can send the random access response within a maximum length of 10ms RA-window and this can have different slot configuration {1, 2, 4, 8, 10, 20, 40, 80} and the length of the RA-window depends on the slot length determined by the RAR numerology. 
In order to accommodate for the LBT failure at gNB, RAN2 should consider methods to overcome possible RAR transmission failure due to LBT (e.g. increasing the RAR-window to more than 10ms etc.). If this is not done, even if the gNB receives the preamble from a UE, the UE may have to restart the random access procedure if the gNB fails to respond within the window. This may increase the RACH latency which may result in higher interruption time of handover and re-establishment, generate unnecessary UL interference because of power ramping in the subsequent preamble transmission and further UE power consumption. In the multi-beam scenario, the increase in the scheduling opportunity has to take into consideration of beam sweeping.  In fact, RAN1 see it beneficial to extend the RAR window as follow:
RAN1 Agreement:
o	In some scenarios it is beneficial for the maximum RAR window size to be extended beyond 10 ms to increase robustness to DL LBT failure
o	FFS: Value of maximum RAR window size
RAN2 should look into how to extend it and what is impacted (if any) by extending the maximum RAR window size (e.g. RA-RNTI calculation) in the WI phase.
Observation#1: RAN1 also see benefits in increasing the RAR-window to more than 10ms. 
Other than extending the scheduling opportunities in terms of time domain, it is also possible to increase via frequency domain. One method is to map the Msg1 resource to multiple frequency resource for Msg2 (e.g. Msg1 PRACH resource and preamble is associated with multiple Msg2 frequency resources). This assumed that the UE can rmonitor simultaneously from the multiple Msg2 frequency resources.
Proposal#4: Other than extending the RAR window (i.e. time domain), it is beneficial to study multiple monitoring of the RAR in multiple Msg2 frequency resources in the RAR window.   
Msg3 transmission
Due to LBT failure, the UE may not be able to use the UL grant provided in RAR to transmit the Msg3 and will have to wait for the retransmission UL grant from the network in order to transmit the Msg3. This may result in further access latency. If retransmission UL grant is not received within the macContentionResolutionTimer, the UE restart the whole RACH procedure adding to the access delay as well as unnecessary increasing of UL interference due to power ramping and further UE power consumption.
Proposal#5: Additional RA opportunities are needed for Msg3.
Faster Msg3 retransmission can be introduced, e.g. UE is provided with multiple grant for use in different time/slot instance. RAN2 should discuss whether faster Msg3 retransmission can be introduced.
Proposal#6: As baseline, the UE keeps the generated Msg3 in Msg3 HARQ buffer and wait for the Msg3 UL grant for the next retransmission if UE fails LBT for Msg3 (re)transmission.  
Proposal#7: RAN2 should discuss whether faster Msg3 retransmission can be introduced (e.g. via multiple UL grants in RAR).
Msg4 reception
The MAC contention resolution timer (i.e. ra-ContentionResolutionTimer) has to be configured appropriately to take into consideration of the delay incurred by gNB LBT. Whether the existing value needs to be extended can be discussed in the WI phase.
Other enhancements:
In NR, RACH differentiation is introduced which allows for 2 levels (normal vs prioritized). Currently only backoff and/or power ramping are applicable for differentiation. With NR unlicensed, channel access procedure parameters can also be introduced for RACH differentiation – LBT type (25us LBT vs. CAT4 LBT) and/or the LBT CAT 4 priority class. For example:
For beam failure recovery, the network can configure via broadcast or dedicated signaling the LBT type and the LBT CAT 4 priority class for PRACH transmission used for the recovery.
For handover, the network can configure via broadcast or dedicated signaling the LBT type and the LBT CAT 4 priority class for PRACH transmission used for the handover
Proposal#8: Introduce channel access procedure parameters to RACH differentiation (LBT type and LBT CAT4 priority class). 
Need of L1 indication for suspension of power ramping and LBT failure
On the suspension of power ramping counter, RAN 1 had discussed it in their last meeting and recommend suspending the power ramping if the PRACH transmission is dropped as follow:
Agreement: {RAN1#94}
If preamble transmissions are dropped due to LBT failure, then
o	From a RAN1 perspective, it is recommended that preamble power ramping is not performed and that the preamble transmission counter is not incremented
Further to suspension of the power ramping, if an indication is provided to MAC for LBT failure of Msg1 transmission, the UE MAC can retransmit the preamble in the next available PRACH occasion. In this case, the UE MAC does not have to assume that the preamble transmission occurs and follow through the procedure and hence reduce the RACH latency.
Proposal#9: Instead of just suspension of power ramping counter, it will be more useful if L1 indicates that it is due to LBT failure so that the MAC to reattempt the preamble immediately. 
Conclusion and proposals
It is requested that RAN 2 discuss and agree on the following proposals:
Proposal#1: Only study the enhancement for single RA procedure. Single RA procedure has the following characteristics:
The transmitter will not transmit in more than 1 RA opportunity and the receiver is not expected to receive more than 1 successful RA message among the RA opportunities.
Proposal#2: Additional RA opportunities are needed for Msg1.
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