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1 Introduction

The SI aims to study how an NR access technology can be developed to meet a broad range of use cases including enhanced mobile broadband, massive MTC, critical MTC, and additional requirements defined during the RAN requirements study. Radio Access Network architecture, interface protocols and procedures are one of the study areas.  Uplink scheduling is a key functionality of MAC layer and is discussed in this contribution.
2 Discussion

2.1 Role of SR and BSR

In LTE, scheduling request (SR) is used for requesting UL-SCH resources for new transmissions when the UE has no valid grant. Buffer status reporting (BSR) is used to provide the serving eNB with information about the amount of data available for transmission in the UL buffers associated with the MAC entity. RRC controls BSR reporting by configuring the BSR timers, optionally signalling logicalChannelGroup which allocates logical channels to an LCGs. Logical channels may be assigned to a LCGs based on its priority. In the current spec, 4 LCGs are supported.

SR is a Physical layer message which indicates to the eNB about data availability at the UE. SR can be transmitted via PUCCH if UE has valid PUCCH resources for SR transmission (it is so called D-SR), otherwise, UE initiates a Random Access procedure in order to get scheduled in UL. D-SR consists of only one bit of information and indicates only the arrival of new data. Potentially, it provides a fast access to UL resources. However, SR lacks the ability to provide accurate information of UE's buffer due to its 1-bit nature. This means that upon the reception of SR, eNB knows neither which logical channel (associated with certain QCI) has data available for transmission nor the amount of data for transmission at UE.
Observation 1 In LTE, the dedicated scheduling request (D-SR) consumes small physical layer resources and can hence be configured with short intervals. It thereby offers frequent scheduling request opportunities while lacking the ability to provide more accurate information for UE buffer status. 

BSR is a Layer 2 message, and carries more detailed information for each LCG. However, it requires a grant for transmission so it may take longer time until the eNB receives it since it may need to be preceded by an SR. The BSR transmission can be triggered in several ways, for example when new UL data arrives to an empty buffer or if higher priority data arrives (i.e. higher priority than already existing data). BSR can also be triggered periodically. In case the BSR is triggered by data arriving to an empty buffer SR and BSR are used together by UE for dynamic scheduling. 
As shown in Figure 1, the UE first sends the SR to indicate data availability, then the eNB replies with a grant, with which the UE may send the BSR to provide more detailed information (together with some data if the grant was large enough). Subsequently, NW may further reply with finer grants fitting to the buffer status.


Figure 1: Scheduling procedure for dynamic scheduling

The eNB maintains the buffer status for each active UE based on the information provided by SR and BSR and the scheduler can assign resources to each UE considering the priority and the amount of the available data.

A similar SR/BSR scheme can be reused in NR as a baseline. Drawbacks with the SR/BSR procedure as described above in LTE is that it may cause extra scheduling delay in some particular scenarios:

1) SR can’t provide accurate information such as which logical channel (associated with certain QCI) has data available for transmission nor the amount of data for transmission at UE. Hence the eNB cannot generate a suitable grant only base on the SR. This can be a problem especially when the higher priority data arrives to the buffer (e.g. Measurement report).
2) Fine granular grant allocation requires a BSR and hence introduces additional delay.

3) Sometimes BSR triggering rules does not allow accurate estimation of the buffer. This is the case when data with same priority arrives to buffer which is not empty.

Another potential drawback with Dynamic Scheduling is the cost of control channel overhead needed to handle the flexible scheduling and resource utilisation efficiency for varying channel conditions. With increased number of simultaneous connections, control channel capacity might be limited.
Observation 2 In LTE, BSR consists of detailed information of the UE buffers, but may in some scenarios lead to a long scheduling delay due to the need for a grant.
Therefore, RAN2 should consider the above aspects when developing NR, since NR should support wide spread of use cases, which have different requirements. In some use cases, e.g. critical MTC, NR has tighter latency requirements than has been considered for LTE so far. Some enhancements can be considered:

· In order to give the information about which logical channel has data available for transmission, extend the information bits for SR (e.g., extended from 1 bit to more bits, considering the trade-off between achieved gain and increased control channel overhead)

· In order to avoid the delay due to BSR grant allocation, eNB can pre-allocate resources allowing sending at least a detailed BSR directly without sending an SR. This may be a viable opportunity at low and medium load and in particular in cells serving relatively few (active) UEs. 

Based on above analysis, we propose:
Proposal 1 RAN2 should study current limitations and then further enhancements of SR/BSR, such as an SR with more information bits and pre-allocation grants.

In NR, the new numerologies and frame structures will make it possible to reduce signalling delays considerable. As explained in [2], the latency for requesting an UL transmission resource, i.e. sending a D-SR, receiving the grant and commence transmitting has the potential to be as low as 1 subframe. Comparing with the LTE latency which is 8 ms, there is a great latency reduction for NR. It can be assumed that the scheduling delay in NR will not be a problem for Dynamic scheduling for most use cases.
2.2 Grant handling schemes

2.2.1 How LTE does grant allocation

LTE supports both dynamic scheduling and Semi-Persistent Scheduling (SPS). In case of Dynamic Scheduling, the UE can be assigned with resources/grants during every sub-frame. In this way, it achieves a good flexibility of the resource utilization efficiency based on the varying channel conditions, at the cost of control channel overhead on PDCCH. With the increase of number of simultaneous connections, PDCCH capacity might be limited. 
Using SPS, UE is pre-configured by eNB with an SPS-RNTI and a SPS periodicity. During every SPS period, UE transmits using the grant signalled via PDCCH which is scrambled with the configured SPS-RNTI. If there is no data within certain TTIs, UE has to transmit padding PDUs. Compared to dynamic scheduling, SPS scheduling might give worse resource utilization efficiency due to its semi-static nature, for example, PRB positions and MCS setting are rather semi-static. The minimum SPS period is limited to 10 ms. Further enhancement to SPS is introduced in 3GPP Rel-14 (referred to “fast UL”), aiming at two aspects:

· SPS period can be configured to 1 TTI
· UE does not have to send padding data 

SPS scheduling is illustrated in Figure 2 (which can be compared to dynamic scheduling shown in Figure 1).
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Figure 2: Scheduling procedure for “fast UL”

Generally speaking, the grant allocation schemes including dynamic scheduling, SPS like pre-scheduling have different advantages and suitable in different application scenarios respectively. For instance, dynamic scheduling gives the best link efficiency however might result in longer latency and higher control channel overhead compared to SPS. SPS sacrifices the link efficiency while gives a fast UL access to reduce the latency. However, SPS has the drawback of resource over-provisioning especially when system is highly loaded.   

Observation 3 SPS-like Pre-scheduling reduces latency for grant allocation while at a risk of resource over-provisioning
Observation 4 Dynamic scheduling based grant allocation gives a full flexibility of NW resource utilization efficiency considering varying link channel condition, however it might lead to long scheduling delay and control channel overhead.
2.2.2 Grant handling principles in NR

In LTE, dynamic scheduling has been used as the baseline way to allocate suitable grants to UEs, due to its flexibility of NW resource utilization efficiency. NR targets to support a broad range of use cases, with diverse requirements, and may be deployed in a wide range of spectrum bands. This calls for a high degree of flexibility of NW resource control. Hence, as with LTE, dynamic scheduling can be considered as the baseline. 

Low latency is one of the key requirements in many 5G use cases, such as critical machine-type communication, which is referred to by ITU as ultra-reliable and low latency communication. As shown in  [2] and discussed in Section 2.1, the potential latency reductions in NR due to new numerologies make it plausible that Dynamic scheduling will be sufficient for most use cases. NR should further enhance grant allocation schemes to achieve a good trade-off between NW resource utilization efficiency and the latency reduction.  SPS like pre-scheduling to allow the transmission of data packets without scheduling requests is beneficial to reduce latency even further. The resources are pre-reserved based on latency requirements, the amount and type of traffic. It has the issue of resource over-provisioning as described in the previous section. In order to increase the resource utilization, the contention based access principle could be applied together with pre-scheduling to let the same resources be shared between several UEs. Since the use of the same resources by several devices may lead to packet collisions, contention resolution mechanisms become mandatory to achieve the required reliability levels within the latency bounds. Contention based PUSCH transmission has been investigated in 3GPP SI “latency reduction” [1]. It allows more efficient PUSCH resource utilization compared to the existing pre-scheduling scheme.
Proposal 2 RAN2 should study if and how pre-scheduling and contention based access should be used as complements to dynamic scheduling

3 Conclusion

In section 2 we made the following observations:

Observation 1
In LTE, the dedicated scheduling request (D-SR) consumes small physical layer resources and can hence be configured with short intervals. It thereby offers frequent scheduling request opportunities while lacking the ability to provide more accurate information for UE buffer status.
Observation 2
In LTE, BSR consists of detailed information of the UE buffers, but may in some scenarios lead to a long scheduling delay due to the need for a grant.
Observation 3
SPS-like Pre-scheduling reduces latency for grant allocation while at a risk of resource over-provisioning
Observation 4
Dynamic scheduling based grant allocation gives a full flexibility of NW resource utilization efficiency considering varying link channel condition, however it might lead to long scheduling delay and control channel overhead.


Based on the discussion in Section 2 we propose the following:

Proposal 1
RAN2 should study current limitations and then further enhancements of SR/BSR, such as an SR with more information bits and pre-allocation grants.
Proposal 2
RAN2 should study if and how pre-scheduling and contention based access should be used as complements to dynamic scheduling
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