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Introduction
In RAN1#88bis and RAN1#89, the following agreements are reached regarding piggybacked SR and dedicated SR:
Agreements:
· 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

Agreements:
· [bookmark: OLE_LINK9]Piggybacked SR with HARQ-ACK is chosen between the following options, with evaluations encouraged at RAN1#90:
· Option 1: QPSK-based constellation
· Option 3: Cover code/Orthogonal sequence on ACK/NACK data symbols and/or DM-RS symbols

RAN1#92 Working assumption
Physical-layer SR with and without HARQ-ACK transmission is supported. 
· When SR is transmitted with HARQ-ACK:
· Option 3 is adopted;
· SR on/off is carried by two orthogonal length-16 cover codes on ACK/NACK data symbols. 
· [1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1] is used to signal SR OFF.
· [1 -1 1 -1  1 -1  1 -1 1 -1 1 -1  1 -1  1 -1] is used to signal SR ON.
· When SR is transmitted without HARQ-ACK
· FFS whether it is transmitted in NPUSCH resources or reserved NPRACH resources.
· FFS whether BSR is conveyed on SR without HARQ-ACK
Note that companies are encouraged to provide evaluation results based on the agreed criterion, which are considered when cofirming the WA. 

This contribution aims to discuss physical layer scheduling request aspects for NB-IoT.

Solutions for dedicated SR
Dedicated SR assumes UE is RRC connected and timeAlignmentTimer has not expired - i.e. UE has valid TA. Two solutions may be considered for dedicated SR [1, 2, 3]:
· SR piggy back with HARQ-ACK: use part of  NPUSCH format 2 with cover code
· UE waits for DL transmission to finish and  appending SR with UL HARQ ACK/NACK
· Not needed for RLC-ACK transmission and NAS messages during ATTACH procedures
· Dedicated SR: use part of NPDCCH-ordered NPRACH resources for SR
· 2-bit BSR can be indicated by n * 1/4 symbol delay of NPRACH transmission (n=01,2,3)
· MCL=164 dB, dedicated SR ~ 202 ms with 32 repetitions compare to UL SPS ~512 ms with short BSR with TB=16 bits and 64 repetitions



Dedicated SR cannot apply to mobile UEs when timeAlignmentTimer expires, 
· if there is DL data, the network needs to initiate PDCCH order PRACH procedures for UL timing alignment procedure. 
· if there is UL data, the UE needs to perform contention-based RACH procedures.
· [bookmark: _Ref506478842]Contention-based RACH procedure needed for mobile UE because valid TA assumption does not apply.
[bookmark: _Ref481747291]
Current NPRACH procedures in RRC Connected mode is reasonable solution if infrequent UL resource requirement.  

Proposal 1: Dedicated SR is not used for mobile UEs  when timeAlignmentTimer expires

Proposal 2: Current NPRACH procedures in RRC Connected mode is used if infrequent UL resource requirement.  


Complementary solutions based on UL SPS

In [4], UL SPS is discussed. Not all RRC Connected UEs need to be configured with SR. In fact only a fraction of UEs would need SR resources. But on the other hand it is also obvious that without SR resources, interactive type traffic becomes expensive and causes high RACH load. 

Semi-Persistent Scheduling (SPS) can be used in case dedicated SR solutions are not suitable based on scenario
· Dedicated SR with piggy back with HARQ-ACK: no DL transmission
· Triggered NPRACH for SR: no enough spare NPDCCH-ordered NPRACH resources can be used for SR due to heavily loaded cell with many mobile UEs (e.g. bikes)

In current NB-IoT, BSR procedure:
·  eNB polls the UE for UL grant required via NPDCCH order which triggers a RACH procedure   (i.e. based on  configured timer, UE provide MAC CE BSR on NPUSCH via UL grant) 
· or the UE triggers a random access procedure when there is no uplink resources to transmit the MAC CE. 
· if a UE requires urgent UL resources, e.g., to send an alarm type of exceptional report, it can only initiate NPRACH

The BSR procedure can be improved by the use of UL SPS. The eNB can configure the UE with UL SPS resource for MAC CE BSR to removes need for triggered RACH procedure with the following improvements
· Rel-14 skipUplink-feature: UEs does not transmit padding if no data (no impact on UE power consumption)
· SPS grant release if timeAlignmentTimer expires (UE no longer UL time aligned).
[bookmark: _GoBack]
Once UL SPS is activated, the UE configured with UL SPS does not have to detect NPDCCH to get UL grant to transmit NPUSCH. There is no scheduling latency to detect NPDCCH or scheduling delay between NPDCCH and NPUSCH. This reduces latency and is also power efficient especially if NPDCCH is scheduled with a high level of repetitions.

UL SPS does not require any physical layer improvements or change in specification. It can re-use already specified features such as Rel-14 skipUplink-feature. UL SPS Parameters such as periodicity, SPS C-RNTI can be configured via RRC signaling. SPS activation/deactivation is indicated by DCI scrambled by SPS C-RNTI. Details for DCI and simple rules to release SPS grant or timer could be specified with minimum effort in RAN2. 

Observation 1: Impact of UL SPS is minimal on specifications.

Proposal 3: Use UL SPS at least for cases where dedicated SR cannot be used (i) no DL transmission; (ii) no spare NPDCCH-ordered RACH resources.

Conclusion
In this contribution, TBA

Proposal 1: Dedicated SR is not used for mobile UEs when timeAlignmentTimer expires

Proposal 2: Current NPRACH procedures in RRC Connected mode is used if infrequent UL resource requirement.  

Observation 1: Impact of UL SPS is minimal on specifications.

Proposal 3: Use UL SPS at least for cases where dedicated SR cannot be used (i) no DL transmission; (ii) no spare NPDCCH-ordered RACH resources.
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