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1 Introduction
New WID on “Further NB-IoT enhancement” was agreed at RAN#75 and revised at RAN#76 [1].
In this WID, UL/DL semi-persistent scheduling (SPS) and physical layer SR will be studied and introduced if found beneficial to reducing latency and power consumption.
A-1. Further latency and power consumption reduction

· Power consumption reduction for physical channels

· Study and, if found beneficial, specify for idle mode paging and/or connected mode DRX, physical signal/channel that can be efficiently decoded or detected prior to decoding NPDCCH/NPDSCH. [RAN1,  RAN2,  RAN4]

· Study and, if found beneficial, support UL/DL semi-persistent scheduling [RAN2, RAN1, RAN4]

· Evaluate power consumption/latency gain and specify necessary support for DL/UL data transmission on a dedicated resource during the Random Access procedure after NPRACH transmission and before the RRC connection setup is completed. [RAN2, RAN1, RAN3] 

· Consider further enhancement of quick release of RRC connection after the last data transmission[RAN2]

· Relaxed monitoring for cell reselection [RAN2, RAN4]

· Enable relaxed UE monitoring for cell (re)selection e.g. by (re)configuration

· Support for physical layer SR [RAN1, RAN2]

· Support for RLC UM in addition to Rel-14 SC-PTM support [RAN2]

RAN1 has started discussions and work on these two topics from RAN1#88bis and made the following agreements:
	Agreements of RAN1#88bis [2]:
· SR should only be used when an NB-IoT UE is in uplink sync in RRC connected mode. 

· TA estimation should not be a design target of SR signal.

· Sending SR with HARQ ACK/NACK can serve as the baseline case for UE with DL data 

· Further designs to be considered for dedicated SR signal design are:

· Based on NPRACH signal;

· Based on NPUSCH format 2:

· Non-coherent detection based format is not precluded

· Collision handling for dedicated SR is FFS

· Design criteria for physical layer SR:

· Power consumption reduction

· Latency reduction

· Impact on legacy NB-IoT scheduling and resources

· Traffic models used and SR resource configurations should be reported together with evaluations. 

Agreements of RAN1#90 [3]:
· If SPS is supported in NB-IoT, at least the following physical layer aspects need to be further studied, considering the objective to reduce UE power consumption:

· DCI format(s), size(s), and purpose(s)

· Reduction of NPDCCH monitoring occasions 

· Retransmission scheme(s) for UL and DL.

· Activation/release mechanism(s)

· Issues between SPS and dynamic scheduling

· What baseline should be used to compare SPS to


RAN2 has started discussions on SPS at RAN2#99 but there is no agreement by now.
Physical layer SR and UL SPS are both mechanisms to request an uplink grant in connected mode and have the same purpose. In this contribution, the two mechanisms are discussed.

2 Discussion
In Rel-13/14 NB-IoT, during an ongoing continuous uplink data transfer, padding BSR is used to request uplink resource allocation. For periodic or non-continuous data (e.g. periodic report, response to a NAS message, application acknowledgement), when new data arrive, there is no ongoing uplink data transmission, which means there is no possibility to include a BSR to report new data arrival. In this case, the only way to request uplink resource allocation is to initiate a random access procedure. 

If the UE uses random access to request an uplink grant in connected mode, the earliest opportunity for the eNB to provide an uplink grant is during contention resolution with MSG4, i.e. with a NPDCCH scrambled with C-RNTI. Before contention resolution, preamble, RAR and Msg3 are exchanged between the eNB and the UE, which causes a lot of power consumption and latency.

Observation 1: Using random access to request uplink grant in connected mode is not efficient for power consumption and latency.

2.1 Request UL scheduling in connected mode without RA
Both physical layer SR and UL SPS can improve the uplink grant request in RRC connected mode by removing the need for the random access procedure. With physical layer SR, the UE will be able to indicate an UL scheduling request. Then the eNB will provide a UL grant at least large enough for a BSR transmission. With UL SPS, the UE will be able to send a BSR directly using the SPS UL grant. 
Using physical layer SR 
Piggyback SR with HARQ ACK/NACK has been agreed by RAN1 at RAN1#88bis, in which the UE can transmit an UL scheduling request together with the uplink HARQ feedback of a DL transmission. However, in most cases, HARQ feedback is transmitted before the application acknowledgement is generated by higher layers. Therefore, piggyback SR is not enough to improve the uplink scheduling request from RAN2 perspective.
Observation 2: Piggyback SR is not enough to improve uplink scheduling request from RAN2 perspective.
There is also a proposal for dedicated SR in addition to piggyback SR in RAN1 [4]. In LTE, dedicated SR is used to request resources for a new uplink transmission. Then the eNB can provide a first UL grant for the UE to transmit BSR and report the amount of uplink data. In order to further reduce power consumption and latency, SR carrying BSR information is also proposed in RAN1 [4].
Observation 3: Dedicated SR can improve uplink scheduling request from RAN2 perspective.
Using UL SPS to transmit BSR
Directly using pre-configured uplink resource to send a BSR was proposed as a use case of UL SPS at RAN2#99 [5], [6]. Since one of the major objective of introducing SPS in NB-IoT is to reduce the UE power consumption, it was also proposed to allow the UE skipping the SPS UL grant when no data are available for transmission.

In LTE, SPS is configured and released by RRC signalling. After the RRC configuration, the eNB can use PDCCH scrambled with the pre-configured SPS-C-RNTI to activate/re-activate/de-activate the usage of the SPS resources. The benefit of using PDCCH to activate/re-activate/de-activate is scheduling flexibility. The eNB can start/stop SPS scheduling and change the transmission parameters very flexibly and fast. On the other hand, although SPS scheduling is PDCCH-less, the UE still needs to keep monitoring PDCCH for SPS re-activation and de-activation. In this case, SPS is only beneficial to network resource usage, not to UE power consumption.
Observation 4: With support of SPS-C-RNTI (activation/re-activation/de-activation), SPS is only beneficial for saving NPDCCH resource, not for reducing UE power consumption.

In NB-IoT, the primary traffic model is small packets, which means the duration of connected mode is not long compared with LTE and the radio conditions are not assumed to change frequently. If the UL SPS grant is used only for BSR transmission, the need for scheduling flexibility in SPS is relatively small for NB-IoT UEs in connected mode.
Observation 5: NPDCCH-based SPS activation/re-activation/de-activation is not needed if the UL SPS is only for BSR transmission.
According to the previous observations, both dedicated SR and UL SPS can avoid the random access procedure when requesting a UL grant in connected mode in NB-IoT, which is beneficial for power consumption and latency reduction.

Observation 6: Both physical layer SR or UL SPS are helpful to avoid the random access procedure for UL scheduling request in connected mode.
Proposal 1: RAN2 to support either dedicated SR or UL SPS to avoid the random access procedure for UL scheduling request in connected mode.
2.2 RAN2 impacts on support of dedicated SR or UL SPS
In NB-IoT, QoS does not allow the eNB to identify if there is an uplink periodic service. Besides periodic data, non-continuous data such as exception reports cannot be predicted by the eNB. Thus, it is difficult for the eNB to decide when to configure dedicated SR or uplink SPS for a UE. If the eNB configures dedicated SR or UL SPS but the UE does not need it, the resource is wasted.
Observation 7: It is difficult for the eNB to decide when to configure dedicated SR or UL SPS.

In general, there are three options to solve this:

· Option 1: eNB implementation.

· Option 2: UE differentiation. If the eNB can know the traffic pattern of the UEs from the core network, this can be used to decide whether to configure dedicated SR or UL SPS . 

· Option 3: Requested by the UE. The UE can be informed by the application layer of the traffic pattern, e.g. periodic or non-continuous uplink data. Thus, the UE can request to be configured with dedicated SR or UL SPS by the eNB.
Compared with Option 1, Option 3 is more reliable since the application layer of the UE can know exactly its traffic pattern. Compared with Option 2, Option 3 can be supported by the current specification with very small change. Thus, Option 3 is preferred.

Proposal 2: UE requests to be configured with Dedicated SR or UL SPS.

There are two ways for the UE to request to be configured with dedicated SR or UL SPS:

· Option 1: Define a new indication in Msg3.

Option 2: Define a set of NPRACH resources reserved for this purpose. Compared with Option 1, Option 2 will cause additional NPRACH fragmentation. Since the earliest opportunity for the eNB to configure dedicated SR or UL SPS is Msg4, indicating the request in Msg3 is enough. .
Proposal 3: Introduce an indication in Msg3 to indicate a request to be configured with dedicated SR or UL SPS.
3 Conclusion

This paper focus on the uplink scheduling request in connected mode of NB-IoT. The corresponding observations and proposals are listed below. 
Observation 8: Using random access to request uplink grant in connected mode is not efficient for power consumption and latency.

Observation 9: Piggyback SR is not enough to improve uplink scheduling request from RAN2 perspective.

Observation 10: Dedicated SR can improve uplink scheduling request from RAN2 perspective.

Observation 11: With support of SPS-C-RNTI (activation/re-activation/de-activation), SPS is only beneficial for saving NPDCCH resource, not for reducing UE power consumption.

Observation 12: NPDCCH-based SPS activation/re-activation/de-activation is not needed if the UL SPS is only for BSR transmission.

Observation 13: Both physical layer SR or UL SPS are helpful to avoid the random access procedure for UL scheduling request in connected mode.

Observation 14: It is difficult for the eNB to decide when to configure dedicated SR or UL SPS.

Proposal 4: RAN2 to support either dedicated SR or UL SPS to avoid the random access procedure for UL scheduling request in connected mode.
Proposal 5: UE requests to be configured with Dedicated SR or UL SPS.

Proposal 6: Introduce an indication in Msg3 to indicate a request to be configured with dedicated SR or UL SPS.
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