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1 Introduction

In RAN#82, a new work item on NR-based Access to Unlicensed Spectrum was approved [1]. The corresponding technical report for the study item was also approved in [2].  Modifications to the scheduling request procedure in unlicensed spectrum due to LBT failures is part of the NR-U work item objectives [1].
SR is needed for UEs in connected mode in NR-U standalone mode, as well as in the LTE-NR-U DC deployment scenario. RAN1 made some progress on the design of the PUSCH and PUCCH for NR-U, and related LBT procedures. Relevant RAN1 agreements are listed in Appendices A and B. In RAN2, the SR procedure has been briefly discussed during the SI phase; RAN2 agreed that “For scheduling request (SR), a prohibit timer as in NR licensed can be used. However, this should not prevent the UE from attempting to transmit an SR again if the triggered SR was not transmitted due to LBT failure” [2]. This contribution discusses the necessary modifications to support the scheduling request procedure in unlicensed spectrum. 
2 Impact of LBT on the SR Procedure
NR-U supports stand-alone and LTE-NR-U dual connectivity deployments. For these deployments, SR needs to be transmitted on an unlicensed carrier. Hence, SR and BSR procedures should be supported in NR-U. The SR and BSR procedures specified for NR-licensed can be mostly reused in NR-U. However, there are a few impacts on the procedure due to the effect of LBT. 
Transmitting an SR on PUCCH is subject to certain LBT requirements in unlicensed spectrum [2]. LBT is performed in the physical layer, and the outcome of clear channel assessment is not necessarily known to MAC. Given MAC maintains an SR counter and timer that are updated upon instructing PHY to transmit an SR, MAC should know the LBT outcome for an SR transmission and update the counter/timer conditionally based on the LBT outcome.  RAN2 has discussed whether knowledge of LBT outcome is made available to MAC, e.g. to decide whether to increment related counters or to start/stop timers. For RACH, RAN2 agreed that an indication from the physical layer to the MAC is supported for preamble transmissions. Similar indication can be provided to MAC for SR transmission attempts in unlicensed spectrum. 
Observation 1: 
MAC is unaware of the transmission timing of an SR on PUCCH, as LBT is performed by the PHY layer.

Proposal 1: 
The LBT outcome for an SR transmission is indicated from the physical layer to the MAC.
To allow the UE to attempt transmitting another SR after a failed LBT, e.g. when the channel becomes available, MAC should start the sr-ProhibitTimer for the corresponding SR configuration only once the SR was transmitted following successful LBT. 

Proposal 2: 
The MAC entity starts sr-ProhibitTimer only when the corresponding SR is transmitted following successful LBT, as indicated by the physical layer.

Similarly, to avoid incrementing the SR counter when no actual PUCCH transmission occurred, the UE should increment the SR counter only when the corresponding SR is transmitted in the physical layer following a successful LBT. This issue is also discussed for incrementing the RA preamble transmission counter, though one difference from RACH is that when the SR counter reaches the configured max value, an RLF is not triggered; an RA is initiated instead, which can be on the same cell on which the channel was occupied for SR, and the UE may thus incur additional scheduling delay due to LBT failure on RACH.
Proposal 3: 
The MAC entity increments the SR counter only when the corresponding SR is transmitted following successful LBT, as indicated by the physical layer.
A consequence of Proposal 3 is this may cause the SR counter to never reach the maximum configured value in conditions where the channel is persistently occupied. Therefore, it is beneficial to consider an additional mechanism to determine that the SR procedure has been unsuccessful due to systematic uplink LBT failure. This mechanism may be generally applicable to other uplink transmissions for determining a radio link problem, as explained in our companion contribution [4].
Proposal 4: 
An additional mechanism to determine radio link failure based on persistent LBT failures for uplink transmissions is considered to determine that the SR procedure is unsuccessful.

Configuration of resources for SR represents a trade-off between latency and capacity from the network’s perspective. For NR-U, the transmission of an SR can be delayed significantly when the load or the channel occupancy is high, especially when SRs can only be transmitted periodically and/or using predetermined resources in time. In such case, it may be further challenging for the network to match the allocation of resources with the LBT/channel acquisition to mitigate access latency.

Therefore, it may be desirable to support means for the UE to obtain resources and/or transmit SR asynchronously, possibly in addition to existing PUCCH resource allocation. For example, the network can indicate or schedule additional PUCCH resources for UCI or SR to one or more UEs within a gNB initiated COT, either with reduced or no LBT. Such SR transmission can conform to LBT rules mentioned in [2] for a PUCCH transmission within a gNB-initiated COT, e.g. where LBT type 1 can be applied when the gap from the end of the DL transmission to the start of the PUCCH transmission is 16 s; while LBT type 2 is used when the gap is larger and the PUCCH transmission is not followed by a DL transmission within the same COT that’s initiated by the gNB.
Proposal 5: 
SR may be transmitted on additional PUCCH resources provided by the gNB within a gNB-initiated COT.

For SR transmission on pre-configured PUCCH resources, the COT can be initiated by the UE. TR 38.889 suggests applying full LBT (Cat 4 LBT) for a PUCCH-only transmission in a COT initiated by the UE with the lowest channel access priority class value, or potentially Cat 2 LBT in certain cased that are FFS [1]. 
In NR, more than one SR configuration can be configured by RRC for a UE supporting services of different latency and/or reliability requirements, where each logical channel is configured to map to at most one SR configuration. In such context, it makes sense to consider applying different LBT configurations or channel access priorities, depending on the SR configuration/PUCCH resource selected for the SR transmission or the logical channel that triggered the SR.
3 Conclusion
This contribution discusses the impact of LBT on the NR SR procedure. RAN2 should discuss the above and agree to the following:
Observation 1: 
MAC is unaware of the transmission timing of an SR on PUCCH, as LBT is performed by the PHY layer.

Proposal 1: 
The LBT outcome for an SR transmission is indicated from the physical layer to the MAC.

Proposal 2: 
The MAC entity starts sr-ProhibitTimer only when the corresponding SR is transmitted following successful LBT, as indicated by the physical layer.

Proposal 3: 
The MAC entity increments the SR counter only when the corresponding SR is transmitted following successful LBT, as indicated by the physical layer.

Proposal 4: 
An additional mechanism to determine radio link failure based on persistent LBT failures for uplink transmissions is considered to determine that the SR procedure is unsuccessful.

Proposal 5: 
SR may be transmitted on additional PUCCH resources provided by the gNB within a gNB-initiated COT.
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Appendix A: PUCCH design for NR-U, TR 38.889
Support for Rel-15 NR PUCCH formats can be considered, however, not necessarily all Release 15 NR PUCCH formats are applicable to NR-U. It has been identified that legacy PUCCH formats PF2 and PF3 are beneficial for NR-U for the scenario of contiguous allocations due to the fact that they may be configured with bandwidth that meets the minimum temporal allowance of 2 MHz (12/6/3 PRBs for 15/30/60 kHz SCS). It has been identified that legacy PUCCH formats PF0/1/4 are not well-suited for NR-U for the scenario of contiguous allocations since they support only single PRB.

When new block interlace waveform for PUCCH is to be defined, it is beneficial to use the same block interlace structure for PUCCH and PUSCH.  It has been identified that enhancement of one or more legacy PUCCH formats is feasible to support block interlaced PUCCH transmission. There is consensus that enhanced PUCCH with both short and long duration is beneficial for NR-U; however, no consensus has been achieved about which legacy PUCCH format(s) should be the starting point for an enhanced PUCCH design. Some sources suggest introducing just one or two new enhanced PUCCH formats, while other sources suggest enhancing all or almost all legacy PUCCH formats (PF0,1,2,3,4).
Appendix B: UL LBT for NR-U, TR 38.889
Within a gNB-initiated COT, an UL burst for a UE consisting of one or more of PUSCH, PUCCH, PRACH, and SRS follows the channel access schemes in Table 7.2.1.3.1-3.

Table 7.2.1.3.1-3: Channel access schemes for a UL burst within a gNB-initiated COT as LBE device

	Cat 1 Immediate transmission 
	Cat 2 LBT
	Cat 4 LBT

	When the gap from the end of the DL transmission to the beginning of the UL burst is not more than 16 sec. Note: Maximum limits of the duration of the UL burst other than those already derived from MCOT duration limits should be further discussed when specifications are developed.
	For any of the following cases:

-
When the gap between any two successive scheduled/granted transmissions in the COT is not greater than 25 sec

-
For the case where a UL transmission in the gNB initiated COT is not followed by a DL transmission in the same COT

-
Note: the duration from the start of the first transmission within the channel occupancy until the end of the last transmission in the same channel occupancy shall not exceed 20 ms.
	N/A


Note: An UL burst is defined as a set of transmissions from a given UE having no gaps or gaps of no more than 16 µs. Transmissions from a UE having a gap of more than 16 µs are considered as separate UL bursts. The number of LBT attempts within a COT should be determined when specifications are developed.

For initiation of a COT by the UE, the channel access schemes in Table 7.2.1.3.1-4 are used.

Table 7.2.1.3.1-4: Channel access schemes for initiating a COT by UE as LBE device

	
	Cat 2 LBT
	Cat 4 LBT

	PUSCH (including at least UL-SCH with user plane data)
	N/A except for the cases discussed in Note 2 below
	Channel access priority class is selected according to the data

	SRS-only
	N/A
	Cat4 with lowest channel access priority class value (as in LTE eLAA)

	RACH-only
	(see Note 2)
	Cat4 with lowest channel access priority class value

	PUCCH-only
	(see Note 2)
	Cat4 with lowest channel access priority class value


Note 1: If the COT includes multiple signals/channels with different channel access categories / priority classes, the highest channel access priority class value and highest channel access category among the channel access priority classes and channel access categories corresponding to the multiple signals/channels applies.

Note 2: Applicability of a channel access scheme other than Cat 4 for the following signals / channels have been discussed and details are to be determined when the specifications are developed:

-
UL control information including UCI only on PUSCH, e.g. HARQ-ACK, Scheduling Request, and Channel State Information

-
Random Access
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