[bookmark: _Hlk521505144]3GPP TSG RAN WG1 Meeting #95			R1-1812717
Spokane, USA, November 12-16, 2018

[bookmark: _Hlk528765417]Agenda item:	7.2.2.4.4 (Potential enhancements for configured grants)
Title:	Discussion on multiplexing configured grants in NR-U
Source:	TCL Communications
Document for:	Discussion and Decision


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

[bookmark: _Hlk525901962]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 using configured grants.  


2. Discussion on Configured Grants Multiplexing 

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. To maximise the use of the unlicensed bands when one transmission is on-going, it has been identified in previous meetings to consider UE multiplexing and collision avoidance mechanisms.

Focusing on UL transmissions with CG, we can consider having multiple configured grants UL resources that are multiplexed in frequency (FDM) or space (SDM). 
NR-U is considering the use of Configured Grants (CG) operations for transmissions on the unlicensed bands. CG refers to a preconfigured resource allocation that can be used by UL users if they have data to transmit without waiting for an explicit grant, that introduces significant delays.
Two types of CG are being proposed, following LTE feLAA, where type-1 CG are only based on RRC configurations; and type-2 CG that couples both RRC configuration and L1 activation. 
These RRC configurations are then semi-static, user-specific configurations used for UL data transmission.

Proposition 1: NR-U should support FDM or SDM multiplexing for UL users through configured grants.
In the case of multiplexed CG, two main situations may arise: 
1) the two (or more) CG users try to access the medium at the same time (synchronized access)
2) a CG user try to access the medium when another (or multiple) user(s) are already transmitting (asynchronized access) 
2.1 Synchronized access

In this case, users are planning to transmit at a given instant t.
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 1 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. 
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[bookmark: _Ref528769677][bookmark: _Ref528769670]Figure 1 - Synchronized access, missed multiplexing opportunity


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 2: 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, or users should apply an offset to match a common duration among all users.

One 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: Multiplexed UL users can use a common pseudo-random algorithm and seed value to determine the duration of the backoff or offset counter. FFS how to define, share and update the seed among users.

The seed can be generated by the gNB and shared together with the CG configuration information. 
The seed can also be implicitly obtained through computation of a seed value based on any signalling received by the users multiplexed with each other’s. 

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.

Note also that this approach is possible for configured grant multiplexing, but also for other UL predefined resource allocations such as RACH.

2.2 Asynchronized access

To enable UL multiplexing on asynchronized access, i.e. allow a CG-based UL transmission to occur while another user is already transmitting, the medium needs to be shared and so the COT of the ongoing transmission needs to be shared between the users that are multiplexed. Users willing to transmit during configured grant resources would then have to compete with each other during the Clear Channel Assessment (CCA) phase, even within the same cell. A simple energy-detection based LBT would consider the channel busy and not allow a new transmission while another one is ongoing. 

Observation 2 : Energy-based LBT is not sufficient to enable UL multiplexing.

Proposition 4: The list and format of necessary information for multiplexing and COT sharing using CG should be studied.

For UL multiplexing, two fundamental information have to be shared between multiplexed users:
· Ongoing transmission identification. 
· Ongoing transmission COT expiration deadline. 
To minimize the latency, it is preferred that such information would be sent over-the-air rather than through backhaul or on-demand/reply basis. The time sensitivity is important as the COT duration are in the order of milliseconds.
For further ease of reading, we call “initiator user” the user that already successfully gained access to the unlicensed spectrum and started its transmission; and “listener user” the user that is listening to the medium for the CCA purpose.

The ongoing transmission identification issue is for the listening user to be able to recognize whether the ongoing transmission is originating from a user that it is allowed to share the medium with. For that, the information can be sent together with or embedded with the ongoing transmission, for example using specific recognizable patterns (e.g. [R1-1808321]). Patterns or explicit signals can relate, for example, to operator identification or cell identifications, that are common to the users prescheduled by the gNB.
Upon recognition of the source of the existing signal, the listener user can understand whether it is allowed for sharing the resource (e.g. see Figure 2).
[image: ]
[bookmark: _Ref528769805]Figure 2 - Illustration of COT ownership information sharing for multiplexed transmissions

The ongoing transmission COT expiration deadline issue refers to the fact that if a node is sharing an ongoing transmission, it also shared the COT that is ongoing. A configured grant has the flexibility to have multiple starting time instances, depending on the data buffer at the user side and due to CCA procedure, it is not certain when the ongoing transmission started the COT. It is also possible that the COT duration of the ongoing transmission is not constant, e.g. following the priority classes of the transmission.
Thus, the listener user needs to receive the information about the ongoing COT expiration deadline, e.g. as a form of the remaining duration or an absolute time reference, so that the listener user knows until when it can share the medium.

Proposition 5: COT ownership information should contain at least identification and COT expiration information.

To improve the reliability of COT information sharing between users, and since the CG transmissions can start at different times, it is therefore recommended to multiply the occurrences. Multiple occurrences in time of the COT ownership information can increase the chances that other user multiplexed listening to the medium can receive the required information to perform multiplexing. 
This obviously adds some overhead but has the advantage of enabling FDM or SDM over a potentially large unused bandwidth and thus improve spectrum usage.
Possible ways to multiply the COT ownership information include periodic and aperiodic transmissions.

Proposition 6: COT ownership information repetition should be studied to maximize chances of spectrum reuse.

From the listener user point of view, when a user desires to transmit, it will initiate the CCA procedure.
If no signal energy is detected beyond the ED threshold, the channel is considered clear. A full CCA procedure needs to perform several “clear” assessments (depending on the random LBT duration required) to gain access to the channel and perform the transmission. 
If the listener user detects energy, instead of considering the channel as “busy” hence starting a back-off and delaying the transmission, the listener can further attempt to recognize the proposed pattern for an aggressive frequency reuse of the unlicensed spectrum. If the pattern is not present (or not decoded correctly) the channel is therefor considered busy, as the pattern is too weak or the detected signal is from another technology or device that does not allow or facilitate the enhanced sharing. If the pattern is correctly decoded the listener should check if the medium is suitable to share: the identification information indicates a valid initiator (e.g. if the initiator is a user of the same cell) and if the COT expiration time is compatible with the desired transmission: if the planed transmission duration is shorter than the remaining COT duration time, then the transmission can be performed and the channel is shareable. In that case, the transmission can start immediately. Otherwise, the channel is not shareable and considered busy until the expiration time.

Proposition 7: The CCA procedure should be adapted to enable spectrum reuse, through identification and validation of ongoing signals.
	

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

Proposition 1: NR-U should support FDM or SDM multiplexing for UL users through configured grants.
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 2: 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 3: Multiplexed UL users can use a common pseudo-random algorithm and seed value to determine the duration of the backoff or offset counter. FFS how to define, share and update the seed among users.
[bookmark: _GoBack]Observation 2: Energy-based LBT is not sufficient to enable UL multiplexing.
Proposition 4: The list and format of necessary information for multiplexing and COT sharing using CG should be studied.
Proposition 5: COT ownership information should contain at least identification and COT expiration information.
Proposition 6: COT ownership information repetition should be studied to maximize chances of spectrum reuse.
Proposition 7: The CCA procedure should be adapted to enable spectrum reuse, through identification and validation of ongoing signals.
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