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1 Introduction

NR is supposed to support many use cases which have quite different QoS requirements according to TR 38.913. Uplink scheduling is one of the important functions in LTE MAC layer, which we believe it will still be kept in NR for uplink data transmission. In this paper, we revisit how the uplink scheduling work and propose possible enhancements in NR for better supporting different use cases.

2 Discussion
2.1 Uplink scheduling in LTE
The procedure for uplink scheduling in LTE can be shown in Figure 1, the scheduling request (SR) is used for requesting UL-SCH resources for new transmission. It’s triggered by the UE MAC when a regular buffer status report (BSR) is triggered and UE doesn’t have resources for transmission for at least the regular BSR. Regular BSR is triggered when data becomes available for transmission in the uplink.
In LTE, SR is transmitted on PUCCH and configured with only 1 bit to save control channel signaling. It is used to inform the eNB that there is new transmission in the UE’s buffer but not the size of the buffer. The eNB will schedule some resources and indicate to UE in the DCI as uplink grant after the SR is received. The UE will transmit BSR on the uplink grant if the buffer is not empty, the eNB will schedule again the resources to UE.
[image: image1.png]eNB

Uplink Uplink data
Scheduling request (SR)  UPlipk Buffer/status ) apt
scheduling grant report (BSR) scheduling grant transmigsion

UE





Figure 1 The uplink scheduling procedure in LTE

The uplink scheduling procedure in LTE brings latency due to several rounds of signaling interaction, and the SR configuration and BSR reporting are not the best options for different OoS requirement in NR. Therefore, some enhancements need to be considered. 
Observation 1 The uplink scheduling procedure in LTE brings latency and the configuration for SR and BSR is not the best for NR
2.2 Uplink scheduling enhancements in NR
2.2.1 SR enhancements in NR
In LTE, SR is transmitted on PUCCH and carry only 1 bit to save PUCCH resource. It informs the eNB that there is new transmission in the UE’s buffer but not the size of the buffer. One bit SR design is not optimal considering a lot of different QoS requirement services in NR. One reason is that 1 bit SR can only indicate limited information, i.e., UE has a new transmission, but how much data needs to be transmitted is unknown, thus extra delay is introduced due to scheduling & transmission of BSR. The other reason is that NR has diverse service requirements, such as eMBB & URLLC. If UL data has very critical delay requirement, such as URLLC, eNB needs to know such requirement for efficient scheduling because eMBB & URLLC may have different physical layer scheduling procedure & channel structure. Thirdly, NR RAN1 was agreed to support different numerology, it’s beneficial to indicate the network the preference of numerology of the UE as early as possible, e.g., SR request. Thus, there are benefits to extend the single bit SR to multi-bits SR for carrying more information at least from RAN2 point of view. However, the cost for introducing multi-bits SR should be studied in RAN1.
Proposal 1 It’s proposed that RAN2 could see the benefits of multi-bits SR, it is up to RAN1 to investigate the cost of introducing multi-bits SR. 
If the NR RAN finally decides to have multi-bits SR, it could be possible that the UE-specific SR size could be configured. The main motivation is that different UE may have service with different QoS requirement. For some of the services which need high data rate like eMBB, legacy uplink scheduling with a combination of SR and BSR can be applied. However, some UEs with delay-critical service and small packets, it’s worth configuring multi-bits SR to indicate the buffer size, and the network can schedule a proper grant so that all data can be transmitted in just one round of signaling interaction. One can even configure a mapping relationship between the size of SR and the type of services required by the UE, based on this, the network can correctly allocate the suitable numerology for the services the UE requests. Besides, for a determined type of service, a different value of the SR can also indicate different buffer size of that specific service.
Proposal 2 If multi-bits SR is agreed in NR RAN1, a UE-specific SR size could be configured to indicate more information, e.g., the service type.
Proposal 3 If multi-bits SR is agreed in NR RAN1, different size of SR can indicate a different type of service and the corresponding buffer size. 
Proposal 4 If multi-bits SR is agreed in NR RAN1, the multi-bits SR should indicate the preference of numerology of the UE.

Regarding the SR period configuration, in LTE the periodicity of the SR can be configured as {1, 2, 5, 10, 20, 40, 80} ms. After the transmission of the SR the UE will monitor PDCCH and upon reception of an UL grant the UL-SCH transmission follows 4 subframes later. The SR periodicity is a main contributor to the overall latency from data arrival to the UL-SCH transmission, unless it is kept very short. There is a trade-off between SR periodicities and the capacity. With a short SR periodicity in the system, fewer UEs can be configured with SR compared to longer SR periodicities which allows more UEs to be configured with SR. The intention for shorter SR periodicity is reasonable as it also discussed in RAN1, however, as mentioned before, we should consider the trade-off between SR periodicity and capacity, since not all use cases need very short SR periodicity, e.g., eMBB. Besides, with supporting SPS-like transmission agreed in last RAN2 meeting, we need to figure out whether we need to support very short SR periodicity for use cases like low latency required services, or whether SPS-like transmission is enough to support such kind of use cases.
Proposal 5 It’s proposed that RAN2 should support configuration of shorter SR periodicity, how to trade-off the SR periodicity and capacity is up to implementation.
2.2.2 BSR enhancements in NR

If multi-bits SR is finally agreed in NR RAN1, it actually acts as partial rule of BSR which can report the buffer size of the logical channel. So the RAN 2 MAC should revisit the trigger condition for the BSR, i.e., in what case the BSR should be reported, since maybe the multi-bits SR has already reported the buffer status. In current LTE, the BSR are triggered under the following conditions:
· New data arrives in a previously empty buffer or data with higher priority arrives (no matter buffer is empty or not): this case refers to the “regular BSR” as specified in TS 36.321.  
· To update the eNB about the current status of buffers: this refer to the “Periodic BSR” as in TS 36.321, which means that the UE keeps a timer, i.e., periodicBSR-Timer configured by RRC to keep the eNB updated as to the amount of data still to be transmitted.

· To provide BSR robustness: a “retxBSR-Timer” is configured by default (can not be disabled) in order to avoid deadlock situations which may occur when the UE sends a BSR but never received a grant. The retxBSR-Timer is triggered when a BSR is sent and stopped when a grant is received. If the timer expires, and the UE still has data available for transmission, a new BSR is triggered.
· To use the padding bits in a granted resources: this refers to “Padding BSR” which is triggered when the number of padding bits in the allocated uplink resources is equal or larger than the size of BSR.
We think all the BSR trigger conditions in LTE could be reused in NR to trigger the BSR report. It should be noted that the BSR report may not be mandatory in NR, it should depend on the trigger conditions. Besides, the network could have means to configure in what case the BSR report is disabled. For example, if the multi-bits SR can take the rule of BSR in some cases, it does not need to trigger BSR report to save resources and overhead in UE.

Proposal 6 The BSR trigger conditions in current LTE MAC specification could be reused in NR to trigger the BSR report, RAN 2 should study whether more trigger conditions are needed or not.

Proposal 7 In NR, the BSR report is not mandatory, it could be configured in some cases that the BSR report is disabled for latency and overhead consideration.

In LTE, the BSR is always transmitted on the granted resources, one could consider designing a grant-free way of BSR report which means the network can pre-configure the resources for transmitting the BSR. This is a possible way to decrease the latency for reporting BSR, however, it should be further considered that when the multi-bits SR is supported NR RAN1, it could be regarded as a way of “grant-free” transmission, only that the SR is transmitted in a pre-configured control channel resources. In this case, how to coordinate these two types of “grant-free” buffer reporting or scheduling requesting transmission is a question.

Proposal 8  “Grant-free” BSR may NOT be needed if multi-bits SR is supported in NR RAN1.

2.2.3 Possible uplink scheduling procedure in NR
Based on the above discussion, we think the NR uplink scheduling may have the following different procedures. As shown in Figure 2, we think in NR there could be different uplink scheduling procedure configured. Figure 2a means for some cases, e.g., when URLLC is transmitted, the UE could only transmit SR with multi-bits to indicate not only the service type but also the buffer status. In this case, the BSR is not needed due to latency requirements. Figure 2b means when both multi-bits SR and grant-free BSR are configured, it’s the network to decided which one should be transmitted depending on the UE’s service requirement or capability. Figure 2c is similar to the legacy LTE uplink scheduling procedure, the only difference is that the SR is transmitted using multi-bits, the BSR is triggered under some conditions.
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Figure 2 Possible uplink scheduling procedure in NR

Proposal 9 It’s proposed that RAN 2 should study different ways of the uplink scheduling and how to configure those uplink scheduling procedures.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
The uplink scheduling procedure in LTE brings latency and the configuration for SR and BSR is not the best for NR
Proposal 1
It’s proposed that RAN2 could see the benefits of multi-bits SR, it is up to RAN1 to investigate the cost of introducing multi-bits SR.
Proposal 2
If multi-bits SR is agreed in NR RAN1, a UE-specific SR size could be configured to indicate more information, e.g., the service type.
Proposal 3
If multi-bits SR is agreed in NR RAN1, different size of SR can indicate a different type of service and the corresponding buffer size.
Proposal 4
If multi-bits SR is agreed in NR RAN1, the multi-bits SR should indicate the preference of numerology of the UE.
Proposal 5
It’s proposed that RAN2 should support configuration of shorter SR periodicity, how to trade-off the SR periodicity and capacity is up to implementation.
Proposal 6
The BSR trigger conditions in current LTE MAC specification could be reused in NR to trigger the BSR report, RAN 2 should study whether more trigger conditions are needed or not.
Proposal 7
In NR, the BSR report is not mandatory, it could be configured in some cases that the BSR report is disabled for latency and overhead consideration.
Proposal 8
“Grant-free” BSR may NOT be needed if multi-bits SR is supported in NR RAN1.
Proposal 9
It’s proposed that RAN 2 should study different ways of the uplink scheduling and how to configure those uplink scheduling procedures.
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