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1. Introduction

The revised NR-U study item [1] includes the following objectives:

· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI
· Consider unlicensed bands below 7GHz
· Consider similar forward compatibility principles made in the NR WI 
· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure
· Coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements in e.g., 5GHz, 6GHz bands 
· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements in 5GHz over these methods should not be precluded. NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; 

In previous RAN 1 meeting, the following agreements have been reached concerning certain aspects of NR-U:

RAN 1 #92bis meeting [2]
Agreement:
· Study changes needed for Configured Grant support in NR-U
· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer multiple of 20MHz 
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.
· Study whether or not the following techniques enhance performance beyond the baseline LBT mechanisms
· Techniques to cope with directional antennas/transmissions
· Receiver assisted LBT: RTS/CTS type mechanism
· On-demand receiver assisted LBT: For example, receiver assisted LBT enabled only when needed 
· Techniques to enhance spatial reuse 
· Preamble detection
· Enhancements to baseline LBT mechanisms above 7 GHz
· Note: LTE-LAA LBT mechanism are assumed as baseline for evaluations for 5GHz. 
· Note: Other aspects are not precluded from being included

RAN 1 #94 [3]
Agreement:
It is identified to be beneficial to consider UE multiplexing and collision avoidance mechanisms between configured grant transmissions and between configured grant and scheduled grant transmissions. 
· FFS: detailed mechanism.

In this document, we discuss the access of the unlicensed spectrum by multiple users in Uplink.  This document is a revised version of R1-1808253.


2. Discussion on UL user multiplexing
In the existing framework and discussions, several Clear Channel Assessment (CCA) mechanisms have been identified, as follows:
· Cat. 1: No Listen Before Talk (LBT)
· Cat. 2: LBT without random back-off
· Cat. 3: LBT with random back-off with fixed size of contention window
· Cat. 4: LBT with random back-off with variable size of contention window

When the gNB is attempting to gain access to the unlicensed medium, i.e. for a transmission happening outside of an existing Channel Occupancy Time (COT), Cat. 4 CCA is the preferred mechanism to be used to ensure fairness with other systems. It is also possible to let a UL user gain channel access to the unlicensed spectrum using Cat. 4 LBT. It is then possible to share the COT between the user that gained access to the medium and its gNB.

Multiplexing users, is a key aspect of spectrum efficiency either in frequency or spatial domain. This enables more scheduling options and diversity. Moreover, it allows for a more efficient use of the spectrum in case a given user does have enough data to use the whole bandwidth or does not support the transmission or reception on the whole available spectrum.
In uplink, if only one user can perform the medium access, other users will have to wait for the UL access to be successful, then may be rescheduled by the gNB under the newly obtained COT but the overall procedure takes time (UE first performs UL transmission, then gNB can schedule the other UE and transmits uplink grant, which needs a 4ms delay before the UL can happen). The UL effective time is then rather small compared the (M)COT.

When multiple UL users are trying to access the medium at the same time, they encounter the issue of self-blocking. This issue has been raised in LAA studies (e.g. [4]).

For multiple user transmissions, two main situations can arise.
In a first situation, users can start transmitting any time, thus after the channel is cleared, they will all perform a CCA and start transmitting when their backoff counter has expired. The user with the lowest backoff counter will transmit first and block other users. (see Figure 1 for illustration) 

[image: ][bookmark: _Ref521423285]Figure 1 - Self-block issue.
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In a second situation, users are planning to transmit at a given instant t (scheduled transmission or configured grant).
They would normally all perform LBT prior to t. It may happen that the users with long LBT duration will be blocked by an ongoing transmission and the one(s) with shorter LBT duration will access the medium (see Figure 2 for illustration). In that case, the medium was still won, but part of the planned users will not transmit and will either have to be rescheduled or wait for next grant opportunity, which is inefficient. 
Since the system get access, it would have been better to let all users transmit. To ensure that in a distributed manner, all users should then align their LBT duration. 
[image: ][bookmark: _Ref521422688]Figure 2 - Missed multiplexing opportunity




In both cases above, it would be beneficial for the multiplexed users to have a common LBT duration. So that they either will not block each other or avoid missing transmission opportunities.

Observation 1: It is be beneficial for NR-U to allow multiplexed users to have a common LBT duration. To avoid user blocking or missed transmission opportunities.


Proposition 1: Multiple UL users trying to gain access the unlicensed spectrum can share a common duration for channel sensing when trying to access to the medium.

To align CCA duration, the backoff counter should be shared among all coordinated users.
This can be achieved by letting the gNB generate and maintain the backoff duration of the coordinated users and signal that information back to those users. 

Proposition 2: Study the possibility to let the gNB determine and signal a backoff counter value (e.g. through RRC or DCI) for a group of multiplexed UL users trying to access the unlicensed medium.

This approach is rather simple but requires some extra overhead that may be undesirable in some cases, as the duration value has to be explicitly signalled for each transmission opportunity. 

Another way is to generate a seed to be shared with users to determine the random duration themselves. Random numbers are typically drawn from pseudo-random algorithms that have deterministic behaviour when set to a specific starting point. But the distribution of the output values is still uniformly distributed. If all users are given a common seed to draw a number or a sequence of numbers from a given pseudo-random algorithm, they will all draw the same number or sequence. 
The value of the seed does not influence the output distribution and so any value can be used as long as all participating users are using the same seed value.

Proposition 3: Study the possibility to let multiplexed UL users use a common pseudo-random algorithm and seed value to determine the duration of the backoff counter.

Note that using a common seed value at the user side also requires that the user apply a common Contention Window Size (CWS), and thus this CWS has to be known to the users. The CWS can be maintained by the gNB and signalled to the users.

In a seed-based approach, the random backoff values that are required to be identical for the multiplexed users can diverge over time due to the fact that the users experience different traffic and interference conditions.
For example (illustrated in Figure 3), assume the case where two users are first synchronized to perform a coordinated CCA. Then, after the first COT has finished, one of the two user keeps transmitting while the second one does not. At the third COT opportunity, both users try to transmit, but since user 2 initiates its second LBT while user 1 does a third LBT, the backoff values will be different and a synchronized access is impossible.
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[bookmark: _Ref521501451]Figure 3 - Issue with counter synchronization

There is a need for the users to keep aligned with their random number sequence generation, which can be too complicated and costly to monitor or to be signalled among users. Thus, the seed needs to regularly be reset with a common value to maintain the synchronization between users.

Proposition 4: Study the need of a regular reset of the seed used for backoff computation.

	

3. Conclusion
This document discussed UL multiplexing channel access for NR-U and led to the following propositions and observations:

Observation 1: It would be beneficial for NR-U to allow multiplexed users to have a common LBT duration. To avoid user blocking or missed transmission opportunities.

Proposition 1: Multiple UL users trying to gain access the unlicensed spectrum can share a common duration for channel sensing when trying to access to the medium.

Proposition 2: Study the possibility to let the gNB determine and signal a backoff counter value (e.g. through DCI) for a group of multiplexed UL users trying to access the unlicensed medium.

Proposition 3: Study the possibility to let multiplexed UL users use a common pseudo-random algorithm and seed value to determine the duration of the backoff counter.

Proposition 4: Study the need of a regular reset of the seed used for backoff computation.
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