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Introduction
3GPP has started discussing NR based access to unlicensed spectrum (NR-U) [1]. NR-U standard will allow UE and gNB to access unlicensed spectrum with a NR based standard. While trying to access the spectrum, the UE and gNB may need to back off to meet listen-before-talk (LBT) requirements [1, 2]. Current RRM requirements, as defined in 38.133 [3], are defined for licensed spectrum and do not consider the scenarios of unlicensed spectrum. This contribution focuses on some aspects of UL RRM in NR-U, e.g., UL timing accuracy.

Initial UL transmission timing accuracy requirements of Rel-15
Rel-15 provides the following text [3] while defining the initial UL transmission timing requirement of the UE. 
“The UE initial transmission timing error shall be less than or equal to Te where the timing error limit value Te is specified in Table 7.1.2-1. This requirement applies:
-	when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS or it is the PRACH transmission.
The UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus [image: ]. 
……..
Table 7.1.2-1: Te Timing Error Limit
	Frequency Range
	SCS of SSB signals (KHz)
	SCS of uplink signals s(KHz)
	Te

	1
	15
	15
	12*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	10*64*Tc

	
	30
	15
	8*64*Tc

	
	
	30
	8*64*Tc

	
	
	60
	7*64*Tc

	2
	120
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	240
	60
	3*64*Tc

	
	
	120
	3*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]



“
The UL transmission timing accuracy ensures that the gNB can decode the UL transmission of the UE. UE needs a periodic DL reference signal so that it can run its time tracking loop and maintain UL transmission timing accuracy requirements. As the above text shows, Rel-15 enforces UE to maintain its initial UL transmission accuracy requirement provided that at least one SSB is available at the UE during the last 160 ms.
Observation 1: In Rel-15, UE is obligated to maintain its initial UL transmission accuracy requirement provided that at least one SSB is available at the UE during the last 160 ms.
Backoff due to LBT in Unlicensed Spectrum
During one of the previous RAN1 meetings, following was agreed [2]
	Agreement:
For initiation of a gNB transmission:
· LBT other than Cat 4 is not used for DRS multiplexed with unicast data
· LBT other than Cat 4 is not used for PDCCH and/or PDSCH transmission outside of DRS.
Note:
· This does not preclude the use of Cat 2 for transmission on a LBT bandwidth if it is allowed for the case of transmission on multiple LBT bandwidths



[bookmark: _Hlk4085658]The above agreement suggests that gNB may have to back off before transmitting discovery reference signals to meet LBT requirement. Hence, network may not be able to transmit discovery reference signals with a fixed periodicity and ensure that at least one discovery reference signal is transmitted within 160 ms prior to an UL transmission.
As a result, UE will not be able to maintain the initial UL transmission timing accuracy requirement, as defined in table 7.1.2-1 of 38.133.
Observation 2:  In NR-U networks, gNB may have to back off before transmitting discovery reference signals to meet LBT requirement. 
Observation 3: In NR-U networks, network may not be able to ensure that at least one discovery reference signal is transmitted within 160 ms prior to an UL transmission.
· As a result, UE may not be able to maintain the UL transmission timing accuracy requirement, as defined in table 7.1.2-1 of 38.133.

UL transmission accuracy in NR-U Networks
Specification needs to handle the scenarios where UE may not be able to maintain the UL transmission timing accuracy requirement if no discovery reference signal were transmitted during the last 160 ms. Several solutions can be considered:
· Option 1- Relaxation of UL transmission timing accuracy requirements based on the unavailability of discovery reference signal:

In this option, specification may define different sets of UL transmission timing accuracy requirements. Depending on the availability of discovery reference signal, one out of these multiple UL transmission timing accuracy requirements will be applied. 

Assuming that the discovery reference signals were available during the last X ms, the correlation between the value of X and UL transmission timing error limit Te may look like the following:

	X 
	UL transmission timing error
	Comment

	160
	Te1 
	Same as Te, as defined in table 7.1.2-1 of 38.133

	320
	Te2
	More relaxed than Te1

	640
	Te3
	More relaxed than Te2

	…
	…
	…



In this option, network will need to be able to decode UL signals with different initial UL transmission timing accuracies based on the unavailability of DL reference signal.

· Option 2- Cancellation of UL transmission timing accuracy requirements based on the unavailability of discovery reference signal:

In this option, specification may simply cancel the UL transmission timing accuracy requirement if no discovery reference signal were available during the last 160 ms. In other words, UE will fulfil UL transmission timing accuracy requirement only if a discovery reference signal were available during the last 160 ms. If no DL discovery reference signal were available, UE does not have to maintain any UL transmission timing accuracy requirement.


· Option 3 – Not scheduling UL transmission if no discovery reference signal were available during the last Y ms:

In option 2, UE will not be mandated to maintain any UL transmission timing accuracy if no discovery reference signal were available during the last 160 ms. In many cases, gNB will not be able to decode UL transmission from the UE in these cases. Hence, instead of option 2, UE may simply skip transmission of non-scheduled UL when there were no DL RS available during the last Y ms.

· Option 4 – Transmitting PRACH based on last available discovery reference signal if no discovery reference signal were available during the last Z ms:

In this option, UE will cancel all uplink transmissions and transmit PRACH based on the last available DL RS if it doesn’t detect any DL RS during the last Z ms. This will allow UE to receive an updated timing command from gNB in Msg2. 


A combination of these different options may also be needed to tackle different scenarios.

Proposal 1: RAN4 discusses following options based on the unavailability of discovery reference signal in NR-U networks:
1. UL transmission timing accuracy requirement gets relaxed if no DL RS is available during the last 160 ms
a. Detailed values of relaxed timing accuracy requirements are FFS
2. UL transmission timing accuracy requirement is not applicable if no DL RS is available during the last X ms
a. Value of X is FFS
3. UE doesn’t transmit non-scheduled UL if no DL RS is available during the last X ms.
a. Value of X is FFS. 
4. UE transmits RACH and cancels all UL transmissions if no DL RS is available during the last Y ms.
a. Values of Y is FFS.

Investigation of Different Options to Define UL TX Accuracy in NR-U
We now consider the different options of proposal 1, in details. Option 4 mimics the scenario where the UL timer has expired. UE cancels all UL transmissions and transmits PRACH. In option 3, UE doesn’t transmit any non-scheduled UL and waits till it detects an SSB from the network. In option 2, UE doesn’t maintain any UL TX timing requirement if no DL SSB were available during the last 160 ms. 
Among these four options, only option 1 ensures that network will be able to successfully decode UL data even if no SSB is available during the last 160 ms. However, design of option 1 requires solutions of the following two factors.
I. How should UE’s UL Tx timing error requirements scale with the period of unavailability for SSBs?
II. What is the maximum UL TX timing error that can be handled by the network?
First, let’s focus on the question #I. UE’s timing drift, during the period where SSB is unavailable, depends on several factors, e.g., frequency error, inaccuracy in sleep clock, mobility, etc. The timing drift due to these factors increase linearly with time. Hence, if a UE can ensure that its UL TX timing error ranges within [-Te, +Te] (where Te is defined in table 7.1.2-1 of 38.133) if no SSB were available during the last 160 ms, the same UE can ensure that its UL TX timing error within [-N*Te, +N*Te] if no SSB were available during the last N * 160 ms.
If value of N is too large, then network may not be able to decode UL signal. Besides, different UE’s UL signal, that are being scheduled simultaneously, may interfere with each other and degrade overall UL throughput. Hence, infra vendors should inform the maximum UL TX timing error that they can tolerate.
Observation 4: UE’s timing drift, during the period where SSB is unavailable, depends on several factors, e.g., frequency error, inaccuracy in sleep clock, mobility, etc. The timing drift due to these factors increase linearly with time.
Observation 5: If UE’s UL TX timing error is too large, network may not be able to decode UL signal. Besides, different UE’s UL signal, that are being scheduled simultaneously, may interfere with each other and degrade overall UL throughput.
Based on above two observations, we make the following proposal.
Proposal 2: If at least one SSB is available at the UE during the last N * 160 ms, UE is obligated to maintain an UL TX timing accuracy requirement of N * Te, where N is an integer and Te is defined in table 7.1.2-1 of 38.133.
· Value of N * Te, UL TX timing accuracy requirement, does not exceed Te,max, where Te,max is the maximum allowed UL TX timing accuracy.
· Value of Te,max is TBD. 

Conclusion
Observation 1: In Rel-15, UE is obligated to maintain its initial UL transmission accuracy requirement provided that at least one SSB is available at the UE during the last 160 ms.
Observation 2:  In NR-U networks, gNB may have to back off before transmitting discovery reference signals to meet LBT requirement. 
Observation 3: In NR-U networks, network may not be able to ensure that at least one discovery reference signal is transmitted within 160 ms prior to an UL transmission.
· As a result, UE may not be able to maintain the initial UL transmission timing accuracy requirement, as defined in table 7.1.2-1 of 38.133.

Observation 4: UE’s timing drift, during the period where SSB is unavailable, depends on several factors, e.g., frequency error, inaccuracy in sleep clock, mobility, etc. The timing drift due to these factors increase linearly with time.
Observation 5: If UE’s UL TX timing error is too large, network may not be able to decode UL signal. Besides, different UE’s UL signal, that are being scheduled simultaneously, may interfere with each other and degrade overall UL throughput.




Proposal 1: RAN4 discusses following options based on the unavailability of discovery reference signal in NR-U networks:
1. UL transmission timing accuracy requirement gets relaxed if no DL RS is available during the last 160 ms
a. Detailed values of relaxed timing accuracy requirements are FFS
2. UL transmission timing accuracy requirement is not applicable if no DL RS is available during the last X ms
a. Value of X is FFS
3. UE doesn’t transmit non-scheduled UL if no DL RS is available during the last X ms.
a. Value of X is FFS. 
4. UE transmits RACH and cancels all UL transmissions if no DL RS is available during the last Y ms.
a. Values of Y is FFS.

Proposal 2: If at least one SSB is available at the UE during the last N * 160 ms, UE is obligated to maintain an UL TX timing accuracy requirement of N * Te, where N is an integer and Te is defined in table 7.1.2-1 of 38.133.
· Value of N * Te, UL TX timing accuracy requirement, does not exceed Te,max, where Te,max is the maximum allowed UL TX timing accuracy.
· Value of Te,max is TBD. 
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