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1 Introduction

NR-U needs to support more deployments than LTE LAA. For NR-U LAA, SR can be transmitted on licensed band. For NR-U SA or NR-U DC case, the SR should be able to transmit on unlicensed band. 
For SR transmission, LBT operation should be applied depending on the regulation requirements. The procedure and transmission may be impact by the LBT, besides, how to choose channel access priority is also interesting to be discussed.

In this paper, we present our view on the impact of SR transmission and procedure due to LBT operation.
2 Discussion
2.1 SR for NR licensed
Compared with LTE, the SR procedure is enhanced to better support variety of services, e.g, URLLC and eMBB. One enhancement compared LTE is that, in order to make the network differentiate services as soon as possible, multiple SR configurations can be configured to the UE and each configuration is corresponding to one or several logical channels. By do this, the network is aware of the logical channel which triggers the SR, so that a more suitable grant can be scheduled to the UE as early as possible. As shown in the TS 38.321 in the following:

The MAC entity may be configured with zero, one, or more SR configurations. An SR configuration consists of a set of PUCCH resources for SR across different BWPs and cells. For a logical channel, at most one PUCCH resource for SR is configured per BWP.

Each SR configuration corresponds to one or more logical channels. Each logical channel may be mapped to zero or one SR configuration, which is configured by RRC. The SR configuration of the logical channel that triggered the BSR (subclause 5.4.5) (if such a configuration exists) is considered as corresponding SR configuration for the triggered SR.

Observation 1 In NR licensed, multiple SR configurations can be configured to the UE, and each SR configuration is corresponding to one or several logical channel.
2.2 Channel Access Priority Class for SR transmission
According to TS 36.300, there are two LBT types, i.e., type 1 and type 2 uplink channel access, which LBT type the UE applies is signalled via uplink grant for uplink PUSCH transmission;

Furthermore, there are four channel access priority class (CAPC) defined, which can be used when performing uplink and downlink transmissions in LAA carriers. There is a mapping between CAPC and standardized QCI value. The reason is that for some critical traffic, e.g., delay sensitive service, it should be sent as soon as possible so it’s required that the channel can be obtained quickly which means higher priority channel access should be used. While for less urgent traffic, lower priority channel access can be used. 

Observation 2 In eLAA uplink data transmission, there is a mapping between CAPC and traffic, so that urgent traffic may have a higher probability of acquiring the channel.
In NR, different SR configuration may be selected based on the LCH triggering the SR, which means the SR transmission would represent certain type of traffic. Thus, it may have different channel access type depending on the LCH triggering the SR. For example, if a SR is triggered by a less urgent service, the corresponding triggered SR should apply a low priority channel access. If a SR is triggered by a urgent service, the corresponding triggered SR should apply higher priority channel access.
Proposal 1 Depending on the LCH which triggers a SR, the SR transmission should apply different channel access priority.
There are several ways to achieve differentiating channel access type for different SR. Firstly, it can be configured by network by default, which means all the SR configurations will apply a default CAPC. Alternatively, the CAPC is corresponding to a traffic type, e.g., QCI, then based on the LCH which triggering the SR, the corresponding CAPC is applied for the triggered SR. We think these approach can be further discussed in the WI phase, so we propose:

Proposal 2 RAN2 discusses how to apply different channel access priority class for different SR transmission.

2.3 Enhancements to SR due to LBT
In NR, like in LTE, RRC configures several parameters for the SR procedure:
-
sr-ProhibitTimer (per SR configuration);

-
sr-TransMax (per SR configuration);

-
sr-ConfigIndex.

The following UE variables are used for the scheduling request procedure:

-
SR_COUNTER (per SR configuration).
SR timer - sr-ProhibitTimer
The SR prohibit timer was introduced in Release 9, and sr-ProhibitTimer is configured per UE. The motivation was to prevent the SR being re-transmitted unnecessarily in the cases when e.g., a very short SR period is configured or the network is in high load. Too frequent SR transmission on the PUCCH would cause PUCCH inter-cell interference problem, which can lead to poor SR detection performance.

In NR, the SR prohibit timer is configured per SR configuration and started when a SR transmission is performed for the corresponding SR configuration.

However, in NR-U, due to LBT impact, the SR transmission in physical layer may be blocked, in this case, if the timer is still started the following valid PUCCH resources during the timer running can not be used. Thus, we think it would be beneficial if the MAC entity starts the SR prohibit timer only when the SR is successfully, which should be indicated from physical layer upon LBT is successful.
Proposal 3 sr-ProhibitTimer is started when the corresponding SR is successfully transmitted.
SR counters
In NR, SR_COUNTER is maintained to record how many times the SR has been transmitted. Once the SR_COUNTER reaches the drs-TransMax configured by RRC, it means there is a problem for the PUCCH configured for this SR, thus the PUCCH resource will be released and RA is initiated.
For NR-U, SR_COUNTER should not be incremented if the corresponding SR transmission is blocked by LBT, otherwise, PUCCH resources may be released by RRC unnecessarily.
Proposal 4 SR_COUNTER is not incremented if the corresponding SR transmission is blocked by LBT.

Besides, we think another counter should also be maintained in MAC entity, e.g., SR_FAILURE_LBT, which is used to counter how many times the SR is blocked by LBT. The reason is that for SR transmission triggered by some urgent traffic, if SR is blocked by LBT, network should be aware of it and some other mechanism can be performed, e.g., to trigger the release of PUCCH resources and RACH.
Proposal 5 A new COUNTER is introduced to count the number of LBT failure per SR configuration.

Proposal 6 When the new COUNTER reaches the threshold, RACH can be triggered. 

3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
In NR licensed, multiple SR configurations can be configured to the UE, and each SR configuration is corresponding to one or several logical channel.
Observation 2
In eLAA uplink data transmission, there is a mapping between CAPC and traffic, so that urgent traffic may have a higher probability of acquiring the channel.
Proposal 1
Depending on the LCH which triggers a SR, the SR transmission should apply different channel access priority.
Proposal 2
RAN2 discusses how to apply different channel access priority class for different SR transmission.
Proposal 3
sr-ProhibitTimer is started when the corresponding SR is successfully transmitted.
Proposal 4
SR_COUNTER is not incremented if the corresponding SR transmission is blocked by LBT.
Proposal 5
A new COUNTER is introduced to count the number of LBT failure per SR configuration.
Proposal 6
When the new COUNTER reaches the threshold, RACH can be triggered.
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7.2.2.2.2
MAC (except RACH)

7.2.2.2.2.x
Scheduling Request 
In NR-U, the scheduling request (SR) procedure is used for requesting UL-SCH resources for new transmission, and the SR procedure in NR licensed is used as baseline. 

SR transmission in NR-U are subject to LBT, given the impacts of LBT there are several enhancements can be considered for study as following:

· Additional SR opportunities are beneficial in NR-U, e.g., more than one PUCCH SCells can be supported.

· sr-ProhibitTimer is started when the corresponding SR is successfully transmitted.
· SR_COUNTER is not incremented if the corresponding SR transmission is blocked by LBT. 
Given the SR_COUNTER may not be updated due to LBT outcome, it’s beneficial to introduce a new mechanism to determine that the SR procedure fails after a number of unsuccessful LBT attempts. 

Besides, given that multiple SR configurations can be configured to the UE, and each SR configuration is corresponding to one or several logical channel in NR licensed. It’s beneficial to study SR dependent LBT, e.g., Depending on the LCH which triggers a SR, the SR transmission should apply different channel access priority.
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