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1. Introduction
In NR-U [2], the physical layer is responsible for performing the LBT and transmission over the medium. MAC layer on the other hand generates the MAC PDU and submits this to the phy or triggers the transmission and/or retransmission of other signals such as RACH etc. During the study item, it was agreed that an indication from physical layer about LBT failure will be necessary to manage various timers/counters in MAC[1]. 

There are two different types of LBT that may be applicable at the physical layer. In case of LAA, these are referred to as type 1 (cat 4) and type 2 LBT. Type 1 LBT requires a backoff mechanism in addition to the CCA check during the LBT. The LBT aspects of this the type 1 LBT scheme requires further discussion how MAC and phy should interact and in this contribution, we discuss these aspects and make a few proposals on how this can be modelled. 

In addition, during the email discussion on LBT aspects, the following open aspects are identified assuming that a new mechanism for handling UL LBT will be adopted in the MAC spec: 
-	timer-based/counter-based/timer&coutner-based solution
-	the UE behavior at the timer/counter expiry and how to declare RLF
-	impacts on the SR and RACH counter
-	relationship between CAPC and the UL LBT handling
-	whether to differentiate between LBT type2/4 and within/outside COT
-	early reporting of the successive UL LBT failure

This contribution also discusses the aspects related to the highlighted issues in the above. 
2. Discussion
There are two types of LBT that may be performed by physical layer. 

Type 1 LBT scheme: This is the CCA check followed by backoff state. Whilst entering the backoff state, a timer is started and initialized with a random number (drawn between 0 – CWmax) and the phy will be monitoring the medium and counting down the backoff timer (whenever an idle slot is sensed). Thus, the phy remains in the backoff state whilst the backoff timer is running. No further transmissions are possible over the medium whilst the UE is in backoff state. It should also be noted that the time at which the phy exits the backoff state depends on the availability of IDLE slots on the medium (i.e. this is a function of transmissions from other nodes sharing the medium). So, the backoff time could last anywhere between a few micro seconds (when the channel is lightly loaded) to a few 10s of milliseconds (when the channel is loaded, and other nodes transmit over the channel with larger COTs). 

Type 2 LBT scheme: This is a one shot CCA check and is typically used with grant based data transmission.
LBT is required to be performed both for UE initiated (i.e. grant free) transmissions (e.g. RACH) as well as grant-based transmissions (e.g. data transmission).  

For grant-free cases (e.g. RACH) the type 1 LBT scheme is typically applied whereas for grant-based transmissions the LBT type can be indicated by the network. 

In the following sections the LBT aspects for grant based and grant free transmissions are discussed. 
3. Data transmission (grant based)
In NR-U both dynamic grant and configured grant-based transmissions are possible. The network will indicate the LBT type in the grants. So, in case of type 2 LBT scheme used for dynamic grant, the interaction between MAC and phy is as follows: 

Observation 1:
When type 2 LBT is used with dynamic grants for data: 
· MAC generates a MAC PDU and submits this to phy
· If LBT check at phy fails, the transmission is not performed and a retransmission can be scheduled based on the next grant received from the network
· From MAC perspective, the LBT failure in this case can be treated as a transmission failure
· RLF may still be triggered by other means (e.g. max RLC retransmission count reached etc)

If type 1 LBT scheme is used for grants, then if LBT check fails, the phy will enter a backoff state. Any further grants received from the network during the backoff state will also be dropped. However, the behavior of the MAC/Phy interaction even in this case can be similar to above (the only difference is that any further transmissions during backoff will also result in LBT failure): 

Observation 2: 
When type 1 LBT is used with dynamic grants:
· MAC generates a MAC PDU and submits this to phy
· If LBT check fails, phy will enter backoff state
· During the backoff state, the UE continues to monitor the DL for further UL grants
· A retransmission scheduled by the network during the backoff state will result in a new MAC PDU being submitted to phy, but this will also be dropped as phy is in backoff state
· Again, from MAC perspective, all LBT failures and any retransmitted packets during backoff state can be treated as transmission failures in this case as well
· RLF can be triggered by other means (e.g. max RLC retransmission count reached etc)

Based on the above, the following proposal is made: 

Proposal 1: For grant based transmission (configured/dynamic grants), both type 1 and type 2 LBT schemes can be configured and LBT failures (including LBT failures due to backoff state) are treated as channel errors from MAC perspective
4. Grant-free transmissions (RACH)
In this section we discuss the unscheduled transmissions such as RACH transmission (for initial access/SR/BFR etc). Since these are autonomously transmitted by the UE, the type 1 LBT scheme will be applicable and hence, the phy can enter backoff state as a result of LBT failure. It should be noted that when the phy enters backoff state, it is preferable for MAC to trigger a new RACH attempt as soon as the backoff state ends. However, since the time when the backoff state ends depends on other transmissions over the medium, this period is not deterministic. Although RACH is taken as the example in this section, the general principles apply to all autonomous transmissions such as SR, BFR etc. 

Unlike in Wi-Fi, where the MAC is responsible for the backoff state and hence maintains the backoff counters, in case of NR-U, the physical layer keeps track of the backoff state and counters/timers. Although this is just a modelling issue (since MAC and phy exist in the same node in the end), it is important that the lack of knowledge of the backoff timer values doesn’t negatively impact the timing of the next transmission. In other words, MAC should have triggered the next UL transmission, so that this can go through as soon as the backoff state ends. Hence, MAC should attempt multiple retransmissions even when phy is in backoff state to enable RACH being transmitted as soon as backoff state ends. 

Based on the above, the following observations are made: 

Observation 3: Unlike Wi-Fi, in NR-U the MAC is not aware of the backoff parameters/timers in the phy. So, in order to maximize the chances of the RACH being successfully transmitted, it is important that in NR-U, MAC is allowed to schedule the retransmissions of RACH in the next available RACH occasion if a given RACH attempt fails due to LBT

Observation 4: The retransmissions which fall during the backoff period will also be dropped at the phy

In order to maximise the chances of RACH being successful per above, we make the following proposal: 

Proposal 2: 
If RACH is unsuccessful (either due to LBT failure or due to phy being in backoff state), the physical layer shall indicate to MAC that RACH is dropped due to LBT

Proposal 3: 
If physical layer indicates RACH is dropped due to LBT, then the MAC: 
· Does not increment the RACH transmission counter
· Does not increment the RACH power for the next transmission 
· Does not start the backoff timer for RACH

The above behavior would enable a fast reattempt of RACH retransmission from MAC perspective, without reaching the RLF like state (especially since RACH transmission counter is not incremented). However, it should be noted that this also precludes the RLF being ever declared due to RACH failure by traditional means and this is not the desired behavior from user experience perspective. So, if the RACH attempts are unsuccessful for a long period of time, then some means of declaring RLF due to RACH failure should still be there. 

Observation 5: Since the RACH/SR counters and timers are not incremented, RLF is not declared by legacy means. Hence, a new mechanism to trigger RLF is needed for these procedures. 

Given that the RACH transmission counter is not incremented, there are two different possibilities for this: 

· Counter based mechanism: Use a count of number of LBT failures as a means to declare RLF 
· Timer based mechanism: Use a timer to time limit the overall RACH procedure in this case

If a counter based mechanism is used, the LBT failures will be counted for both initial LBT failure and any subsequent failures due to phy entering the backoff state. Since one LBT failure is indicated for each RACH attempt by the phy (i.e. for each available RO), the total time duration taken for declaring RLF in this case depends on how frequently MAC triggers a RACH retransmission (i.e. it depends on how frequent the ROs are). 

If on the other hand a timer-based approach is adopted, then the overall duration of the RACH procedure can be upper bounded (regardless of number of LBT failures, i.e. this approach is independent of the frequency of ROs). 

Both timer-based and counter based approaches seem feasible. However, a timer-based approach may be slightly preferable as this is independent of how frequently the ROs occur. 

Proposal 4: Mechanism to trigger RLF due to sustained LBT failures during RACH procedure is needed

Observation 6: Both counter-based (counting the number of consecutive LBT failures) and timer-based approach to limit the overall RACH procedure are feasible. However, a timer-based approach is independent of the frequency of ROs where as a counter-based approach may trigger RLF too soon or too late depending on the frequency of ROs. 
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5. Conclusion and proposals
The interaction between MAC and phy to deal with LBT in phy for NR-U is discussed in this tdoc. The following observations are made: 

Observation 1:
When type 2 LBT is used with dynamic grants for data: 
· MAC generates a MAC PDU and submits this to phy
· If LBT check at phy fails, the transmission is not performed and a retransmission can be scheduled based on the next grant received from the network
· From MAC perspective, the LBT failure in this case can be treated as a transmission failure
· RLF may still be triggered by other means (e.g. max RLC retransmission count reached etc)

Observation 2: 
When type 1 LBT is used with dynamic grants:
· MAC generates a MAC PDU and submits this to phy
· If LBT check fails, phy will enter backoff state
· During the backoff state, the UE continues to monitor the DL for further UL grants
· A retransmission scheduled by the network during the backoff state will result in a new MAC PDU being submitted to phy, but this will also be dropped as phy is in backoff state
· Again, from MAC perspective, all LBT failures and any retransmitted packets during backoff state can be treated as transmission failures in this case as well
· RLF can be triggered by other means (e.g. max RLC retransmission count reached etc)

Proposal 1: For grant-based transmission (configured/dynamic grants), both type 1 and type 2 LBT schemes can be configured and LBT failures (including LBT failures due to backoff state) are treated as channel errors from MAC perspective

Observation 3: Unlike Wi-Fi, in NR-U the MAC is not aware of the backoff parameters/timers in the phy. So, in order to maximize the chances of the RACH being successfully transmitted, it is important that in NR-U, MAC is allowed to schedule the retransmissions of RACH in the next available RACH occasion if a given RACH attempt fails due to LBT

Observation 4: The retransmissions which fall during the backoff period will also be dropped at the phy

Proposal 2: 
If RACH is unsuccessful (either due to LBT failure or due to phy being in backoff state), the physical layer shall indicate to MAC that RACH is dropped due to LBT

Proposal 3: 
If physical layer indicates RACH is dropped due to LBT, then the MAC: 
· Does not increment the RACH transmission counter
· Does not increment the RACH power for the next transmission 
· Does not start the backoff timer for RACH

Observation 5: Since the RACH/SR counters and timers are not incremented, RLF is not declared by legacy means. Hence, a new mechanism to trigger RLF is needed for these procedures. 

Proposal 4: Mechanism to trigger RLF due to sustained LBT failures during RACH procedure is needed

Observation 6: Both counter-based (counting the number of consecutive LBT failures) and timer-based approach to limit the overall RACH procedure are feasible. However, a timer-based approach is independent of the frequency of ROs where as a counter-based approach may trigger RLF too soon or too late depending on the frequency of ROs. 

Proposal 5: In order to trigger RLF due to sustained LBT failure for RACH, adopt a timer-based approach to limit the overall duration of the RACH process for NR-U 
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