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In Rel-15, a work item (WI) for enhancement of NB-IoT is agreed. The objective is to further enhance the performance of NB-IoT by further reduction of latency and power consumption, improvement of measurement accuracy, enhancement of NPRACH reliability and range, etc. [1]. 
By adding support for a physical layer scheduling request (SR) the intention is to achieve further latency and power reduction in NB-IoT Rel-15. Currently, there is no support for an SR signal in NB-IoT. In this contribution, we discuss the pros and cons as well related issues of introducing an SR signal in an NB-IoT system. 
Background
In Rel-13, as the expectation of NB-IoT traffic was mostly mobile initiated machine type of communication, there is no SR designed for NB-IoT. This is under the expectation that the machine type communication targeted by Rel-13 NB-IoT is usually short, and a UE would not stay in RRC_CONNECTED state for a long time. However, as there is an expectation that NB-IoT should support more diversified types of traffic, the support of a SR in NB-IoT may be beneficial. 
In the legacy LTE system, if no PUSCH resource is allocated to a UE, SR is initiated by the arrival of UL data and depending on if the UE is in uplink sync, with an associated PUCCH resource, or out of uplink sync either the SR is transmitted over PUCCH or a Random Access procedure is triggered. The periodical PUCCH resource used by SR of a UE is configured by the eNB. There is either a dedicated UL resource reserved for SR in PUCCH for each UE, or the SR can be sent together with HARQ ACK/NACK in PUCCH. 
[bookmark: _GoBack]Neither UE identity, e.g., C-RNTI, nor the size of the volume of the UL data is included in the SR in legacy LTE. Therefore, the eNB can only distinguish SRs from different UEs by using its unique UL resource configuration for SR together with the unique phase rotation of a length-12 frequency domain sequence together with the orthogonal cover code (OCC). After receiving the SR, if UL resources are available, the eNB allocates a UL grant and sends it to the UE. As the UE cannot indicate the volume of the data that it intends to send in the UL, the allocation in the UL grant should at least be the size of the buffer status report (BSR) for the UE to report its UL buffer status. Therefore, the eNB allocates UL resource in subsequent UL grants according to the information received in the BSR. Moreover, a UE can only send an SR when it is in uplink sync in RRC_CONNECTED mode. If the UE is out of sync, or in RRC_IDLE, a random access procedure is used for the UE to request the UL resource. More details about SR in legacy LTE can be found in section 10.1.5 in TS 36.213, section 5.4.4 in TS 36.321 and section 6.3.2 in TS 36.331. 
SR in NB-IoT
In the current NB-IoT design, no dedicated SR signal is supported. In NB-IoT, UL SR is done via random access procedures in RRC_CONNECTED mode. As discussed above, in the legacy LTE systems, a SR can be either sent by using dedicated PUCCH resources, or appended with HARQ ACK/NACK. In this section, we discuss these two mechanisms in the context of NB-IoT in detail. 
Dedicated SR
In the current design, when a UE should send data to the network in RRC_CONNECTED mode, it should use the regular random access procedure, as illustrated in Figure 1. The UE should follow the regular contention resolution procedure. Therefore, compared to using a dedicated SR signal, there is significant overhead due to the transmission of msg2 and msg3 (assuming no competing UEs, and the contention resolution finishes in step 4). 
Observation 1 When an NB-IoT UE requires UL resources in RRC_CONNECTED mode, comparing the use of a dedicated SR signal to a random access procedure, the latter carries a significant overhead due to the transmission of msg2 and msg3 of the contention resolution procedure.




[bookmark: _Ref477771126]Figure 1 Procedures when an NB-IoT UE requires UL resource in RRC_CONNECTED mode
As mentioned before, in a legacy LTE system, the resource for the SR is configured periodically for a UE. This is to ensure the UE would have resource available when data arrives in its UL buffer. From an overhead point of view, the overhead of having dedicated UL SRs in LTE is not significant, as the SR only carriers 1-bit information, and the available UL bandwidth in LTE is large. However, since the UL bandwidth of NB-IoT is only 180 kHz per carrier, and a relatively large amount of UEs need to be supported, if we assume a similar density of dedicated SR resources in NB-IoT as in legacy LTE, the SR overhead is significant. 
Observation 2   If the same periodicity of dedicated SR resources in NB-IoT is assumed as in legacy LTE, the overhead is significant due to the large amount of NB-IoT UEs and the limited available bandwidth of an NB-IoT carrier. 
Furthermore, the Rel-13 and Rel-14 UEs are not aware of the newly designed SR signal. Therefore, if a periodic dedicated SR signal is introduced, the scheduler should avoid collision between the dedicated SR signal and the regular UL traffic of legacy Rel-13 and Rel-14 NB-IoT UEs. Given that for a UE in bad coverage its UL transmission usually takes long time, in the worst case, one UL transmission may need to be broken into two or more transmissions to avoid collision with SR signals. This certainly introduces overhead for the NPDCCH in the downlink to schedule the segmented UL traffic. 
Observation 3   Due to the periodicity of the dedicated SR signal, it may segment the UL transmission of legacy Rel-13 and Rel-14 UEs. Hence, the introduction of a dedicated SR may cause significant overhead for the NPDCCH downlink scheduling of the segmented UL traffic, especially for UEs in bad coverages. 
One can argue that the dedicated SR signals do not need to be configured very often, due to the NB-IoT traffic’s delay tolerant nature. However, this contradicts the purpose of the dedicated SR signal, which is intended to inform the eNB to allocate UL resources for a UE in a timely manner. In the current NB-IoT design, as periodic BSR is supported, the eNB can poll the UE periodically to identify whether a UE requires a UL grant (i.e. the UE is configured to provide a BSR after a certain timer and the eNB can as it sees fit provide the UE with UL grants to control when and how these BSRs are received). This is seen to be sufficient based on the traffic model assumed by NB-IoT, and if a UE requires urgent UL resources, e.g., to send an alarm type of exceptional report, it can initiate NPRACH transmission. 
Observation 4   The current periodic BRS offers the possibility for the NB-IoT UE to report its UL buffer status and inform the eNB it should allocate a UL grant to the UE that requires UL resources.
Therefore, due to the traffic model assumed for NB-IoT systems, the benefit of introducing a dedicated SR signal in NB-IoT UL is not clear at this moment. However, its drawbacks are obvious. 
Observation 5   For the current NB-IoT system, the introduction of a dedicated SR signal has obvious drawbacks comparing to its benefits. 
SR appended to HARQ ACK/NACK
Another way of sending an SR in a legacy LTE system is to append the SR with a HARQ ACK/NACK. That is, after receiving the DL data in NPDSCH, if the UE has data in its UL buffer, it appends an SR with the HARQ ACK/NACK feedback. Compared to using dedicated SR signaling, appending the SR with the HARQ ACK/NACK has less impacts on the Rel-13 and Rel14 NB-IoT UEs as well as the scheduler at the eNB. This is because the UL resources are less fragmented. 
Observation 6 Due to less UL resource fragmentation, compared to using a dedicated SR, appending the SR with a HARQ ACK/NACK has less impact on the Rel-13 and Rel14 NB-IoT UEs as well as the scheduler at the eNB. Therefore, more flexibility can be expected. 
However, similar designs, i.e., sending the SR with a HARQ ACK/NACK, were proposed in NB-IoT Rel-13. But since Rel-13 NB-IoT system targeted short-lived traffic, the benefit of such a design was not really investigated due to lacking of justifications. Therefore, sending the SR together with a HARQ ACK/NACK was not pursued in Rel-13 NB-IoT. Nevertheless, if more diversified types of traffic are going to be supported by NB-IoT in the future, introducing an SR that is sent together with a HARQ ACK/NACK may be beneficial. 
Conclusions
Base on the above analysis and discussions, we have the following observations and proposals:
Observation 1 When an NB-IoT UE requires UL resources in RRC_CONNECTED mode, comparing the use of a dedicated SR signal to a random access procedure, the latter carries a significant overhead due to the transmission of msg2 and msg3 of the contention resolution procedure.
Observation 2   If the same periodicity of dedicated SR resources in NB-IoT is assumed as in legacy LTE, the overhead is significant due to the large amount of NB-IoT UEs and the limited available bandwidth of an NB-IoT carrier. 
Observation 3   Due to the periodicity of the dedicated SR signal, it may segment the UL transmission of legacy Rel-13 and Rel-14 UEs. Hence, the introduction of a dedicated SR may cause significant overhead for the NPDCCH downlink scheduling of the segmented UL traffic, especially for UEs in bad coverages. 
Observation 4   The current periodic BRS offers the possibility for the NB-IoT UE to report its UL buffer status and inform the eNB it should allocate a UL grant to the UE that requires UL resources.
Observation 5   For the current NB-IoT system, the introduction of a dedicated SR signal has obvious drawbacks comparing to its benefits. 
Observation 6 Due to less UL resource fragmentation, compared to using a dedicated SR, appending the SR with a HARQ ACK/NACK has less impact on the Rel-13 and Rel14 NB-IoT UEs as well as the scheduler at the eNB. Therefore, more flexibility can be expected. 
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