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1. Introduction
To facilitate an efficient SR report, the agreement has been made in 3GPP TSG RAN Meeting #75 as follows.
Further latency and power consumption reduction

· Support for physical layer SR [RAN1, RAN2]

This contribution is to discuss and analyze possible solutions for this purpose.
2. Discussion
Physical layer SR is not supported in Rel-13/14 NB-IoT, and the NB-IoT UE needs to start a contention based random access for scheduling request, even in RRC connected status. The UL data PDU can only be transmitted after the contention resolution. The signaling overhead for contention resolution is wasted in this case.  Therefore, in Rel-15 NB-IoT will support physical layer SR. 
Similar as LTE using group B of PRACH sequence for larger TBS for Msg 3, one straightforward way to support early data transmission in Msg 3 with partition of NPRACH to indicate MO data transmission in Msg 3. However, Msg 3 is still contention based and eNB barely has information on channel status or PHR for Msg 3 transmission. Therefore, even with possible enhancement, contention based scheduling request is not efficient. 
Observation 1: Contention based scheduling request is not efficient. 
In LTE, 1-bit SR can be transmitted through a dedicated uplink physical channel carrying UCI, i.e., PUCCH format 1/1a/1b, either independently or multiplexed with ACK/NACK. The same concept can be inherited by NB IoT to reuse  NPUSCH format 2, e.g., to transmit a NPUSCH format 2-like signal in the dedicated time and frequency resource for SR, as a PUCCH format 1. Alternatively, a new NPUSCH format 2a can be introduced for 1-bit HARQ-ACK and 1-bit SR, similar as PUCCH format 1a. π/4-QPSK modulation or  orthogonal sequences can used to indicate all possible combinations of 1-bit SR and 1-bit ACK/NACK. 
The dedicated resource for SR can be semi-statically configured by by RRC, and information is carried by the presence/absence of transmission of NPUSCH format 2-like signal. However, dedicated resource needs to be reserved for each NB-IoT UE, and large overhead can be expected considering the extended coverage case. Moreover, different from LTE, there is no dedicated resource for PUCCH. With reserved uplink resource for SR, it will impact on eNB scheduler, to avoid collision with reserved resource for SR. 

Observation 2: Semi-statically reserved dedicated resource for SR may lead to large overhead, and increase eNB complexity to avoid potential collision.
Another option is piggy back of SR on top of HARQ-ACK, whose resource can be dynamically indicated in DL grant. However, in this case, SR can only occur after a downlink data transmission, which somehow reduces the opportunities of scheduling report. 
Observation 3: Piggy back of SR on top of HARQ-ACK for NPDSCH can only provide limited change for SR. 
As discussed in [2], it is possible to further introduce non-all “1” sequence for NPRACH. One benefit is to reduce false alarm rate. Besides, it could increase NPRACH capacity with a proper sequence design, for example, introducing orthogonal code mask on top of the existing NPRACH preamble. Considering SR is for connected mode and there is no TA issue, it is possible to further introduce mask on top of each symbol, shown as Figure 1. Therefore, there may have sufficient NPRACH sequences  assigned to UEs for SR.  
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Figure 1
Observation 4: With NPRACH capacity enhancement, NRACH resource can be considered for dedicated SR. 
Based on the above observations, we have the following proposal,

Proposal: Support dedicate SR for NB-IoT. Piggy back of SR on top of HARQ-ACK for NPDSCH and dedicated SR with NPRACH can be further studied. 
3. Conclusion
Based analysis above, we have the following observations and proposal, 

Observation 1: Contention based scheduling request is not efficient. 

Observation 2: Semi-statically reserved dedicated resource for SR may lead to large overhead, and increase eNB complexity to avoid potential collision.
Observation 3: Piggy back of SR on top of HARQ-ACK for NPDSCH can only provide limited change for SR. 
Observation 4: With NPRACH capacity enhancement, NRACH resource can be considered for dedicated SR. 
Proposal: Support dedicate SR for NB-IoT. Piggy back of SR on top of HARQ-ACK for NPDSCH and dedicated SR with NPRACH can be further studied. 
Reference
[1] RP-170852,”New WID on Further NB-IoT enhancements,” 3GPP TSG RAN Meeting #75, Mar. 2017.
[2] R1-1705311, “Discussion on NPRACH enhancement”, Samsung
PAGE  
2

Time
Frequency
CP
CP
CP
CP
3.75kHz
22.5kHz
Symbol group
NPRACH
Mask Code



