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1 Introduction

In the approved work item (WI) part A on Rel-15 enhancements for NB-IoT [1] one of the WI objectives is on the support of physical layer Scheduling Request (SR):

A. Work on the following objectives to commence from RAN#75 (according to TU allocation per WG) and strive for completion by RAN#78:

Further latency and power consumption reduction

· [Text skipped]
· Support for physical layer SR [RAN1, RAN2]

So far, the topic has been discussed in two RAN1 meetings where the following has been agreed:

RAN1#88bis:

· 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. 
RAN1#89:

·  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
In RAN2#99bis the outcome of the SPS email discussion [2] was the treated and the following was agreed:
· From R2 perspective it seems feasible to design SPS as an alternative to PUCCH for D-SR (+BSR) in connected mode. However, there may be performance differences between SPS and Physical Layer solution, e.g. overhead, which will not be evaluated in R2. 

· R2 leave it to R1 to decide what to do, e.g. whether to develop a physical channel for D-SR, or request R2 to develop a SPS solution for D-SR (+BSR). 

In RAN2#101 the following was agreed related to this topic:

· Will not support Connected mode SPS for Rel-15, except for UL SPS for SR/BSR if RAN1 requests this (as earlier indicated in LS). 
In RAN1#92bis the following was agreed related to this topic:

RAN1#92 Working assumptions:

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 confirming the WA.
Agreement
If the working assumption is confirmed and when SR is transmitted without HARQ-ACK, it is transmitted in NPRACH resource using NPRACH based signal.

Agreement
· If the working assumption is confirmed, UE transmits the physical layer SR at the first opportunity unless there is a collision with another physical layer transmission/reception:

· Collision between SR without HARQ-ACK resource and NPDSCH - SR is not transmitted, and remains pending

· FFS: Collision with NPDCCH search space 

Therefore, it remains to be determined which is the best way for UEs in RRC_CONNECTED to signal that they have new data to transmit. The solutions considered are either a new dedicated PHY-SR or a regular BSR using SPS-resources. This topic was not treated in the RAN2#101bis meeting but in an email discussion, [101bis#25], initiated to progress the topic of Physical Layer SR. This contribution is a resubmission of our contribution [3] to provide details that do not fit in the email discussion reply.
2 Discussion
According to the working assumption and agreements in the introduction the solutions discussed for a UE in RRC_CONNECTED to request an uplink grant in case of data arrival is either a new physical layer signal for Scheduling request (PHY-SR) or the higher-layer solution of transmitting a regular Buffer Status Report (BSR) in periodic SPS resources configured with skipUplink (HL-BSR). A full technical description of the latter can be found in our accompanying contribution R2-1805975. The legacy solution is that the UE triggers a Random Access in case of new data arrival, this and the two solutions above are illustrated in Figure 1.


[image: image1]
2.1 PHY Scheduling Request
As seen from Figure 1, in the PHY-SR solution the UE first transmits the SR and gets an UL grant to transmit the BSR. This is exactly the same as for the Rel-13 RA, but there would be no contention for the SR transmission and instead PHY-SR would instead consume a large part of the UL resources for UE-specific SR resources [5] . 
Observation 1 PHY-SR has little or no advantage to Rel-13 RA; the number of messages exchanged is the same, but PHY-SR introduces a non-zero UL resources consumption.

These periodic SR-resources would also have to be introduced in the specification and there defining if UE_ID is inherent from the physical resource used for LTE PUCCH, and how UE multiplexing would work. For HL-BSR the SPS framework is already in the specifications and it would require little effort to state that it should also be supported for NB-IoT.
Observation 2 Period PHY-SR resources would need to be defined and introduced in the specifications, whereas SPS is already there and would be straightforward to support also for NB-IoT.

Further, with legacy scheduling up to 48 UEs can be scheduled simultaneously and therefore 48 UEs could be multiplexed in a periodic SPS resource for the HL-BSR solution.
Observation 3 Unless PHY-SR would allow for multiplexing more than 48 UEs, as allowed for regular UL scheduling, the uplink resource consumption for PHY-SR would be the same or worse than that of HL-BSR assuming the same resource periodicity. 

For PHY-SR, the UE would, as mentioned above, have to transmit an SR first in an intermediate step. For, HL-BSR the BSR could be transmitted straight away, saving one UL and one DL transmission.

Observation 4 PHY-SR has a higher number of message exchanges compared to HL-BSR (since SR and the response to it must be transmitted before the BSR can be transmitted).

For PHY-SR, if the working assumption is confirmed the signal is agreed to be based on NPRACHresources. For NPRACH it would not be possible to signal anything but the SR and the drawback of the previous observation is unavoidable. 

Observation 5 If NPUSCH format 2 is used for the PHY-SR, there is little reason not to transmit the BSR and/or use the SPS functionality already in place to define the periodical resources. 

Based on the above observations we make the following proposal:
Proposal 1 From resource consumption point of view, HL-BSR is preferred to PHY-SR.
3 Conclusion

Based on the discussion in section 2 we make the following observations and proposal:
Observation 1
PHY-SR has little or no advantage to Rel-13 RA; the number of messages exchanged is the same, but PHY-SR introduces a non-zero UL resources consumption.
Observation 2
Period PHY-SR resources would need to be defined and introduced in the specifications, whereas SPS is already there and would be straightforward to support also for NB-IoT.
Observation 3
Unless PHY-SR would allow for multiplexing more than 48 UEs, as allowed for regular UL scheduling, the uplink resource consumption for PHY-SR would be the same or worse than that of HL-BSR assuming the same resource periodicity.
Observation 4
PHY-SR has a higher number of message exchanges compared to HL-BSR (since SR and the response to it must be transmitted before the BSR can be transmitted).
Observation 5
If NPUSCH format 2 is used for the PHY-SR, there is little reason not to transmit the BSR and/or use the SPS functionality already in place to define the periodical resources.
Proposal 1
From resource consumption point of view, HL-BSR is preferred to PHY-SR.
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Figure � SEQ Figure \* ARABIC �1�: Illustration of UL grant request using a) Rel-13 Random Access, b) PHY-SR, c) HL-BSR.
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