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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:

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 this contribution, we discuss the possible solutions and impact on RAN2 for the PHY Scheduling Request.

2 Discussion
Data arriving in the UE UL buffer will trigger a Scheduling Request (SR). In LTE, UEs in RRC_CONNECTED have a dedicated PUCCH resource in which Scheduling Request can be sent (SR). The Scheduling Request does not contain any information and it is just an indication to the network that the UE wants to transmit data, however, the eNB will know the UE-identity from the unique periodic resource used. The eNB will then typically provide a UL grant to UE which is at least big enough for the UE to transmit a Buffer Status Report (BSR), and possibly some user-plane data. If the UE is in RRC_IDLE, or does not have a dedicated PUCCH resource, the SR will instead trigger a random access procedure. (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). For Rel-13 NB-IoT short lived connections and a stripped-down design was the main focus and, hence, subsequent traffic in RRC_CONNECTED and dedicated SR was not supported. However, in Rel-15 the intention is to support more diverse traffic as well as to reduce latency and UE power consumption. Therefore adding support for a dedicated SR in RRC_CONNECTED when UEs are in uplink synchronization is one of the included WI objectives.
2.1 PHY Scheduling Request
As stated above, no dedicated SR is supported in NB-IoT prior to Rel-15. Therefore, if a UE is in RRC_CONNECTED mode, the arrival of UL data will trigger a random access procedure. RAN1 has so far focused on introducing a new dedicated SR signal. In this contribution, the different alternatives for doing so will be discussed and from a higher layer point of view be analysed in terms of latency and UE power consumption gains.
2.1.1 Sending SR with HARQ ACK/NACK
The first option is to append the SR with a HARQ ACK/NACK. This option would not require any new physical signal and have minimal impact on the specification. However, if a downlink transmission (MT) triggers UL data on an application level, which may be a likely use case (e.g. TCP ACK), the data may enter the UL buffer after the HARQ ACK/NACK has been transmitted. Therefore, this solution does not address this use case.
Observation 1 Append SR with HARQ-ACK has minimal standard impact but cannot address the use case of downlink triggered UL data.
However, for many other use cases, appending SR with HARQ-ACK is sufficient and since minimal effort is required it is proposed to be introduced.
Proposal 1 Introduce support to append SR with HARQ-ACK. 

The alternative solutions introducing a new dedicated physical SR signal will have larger standard impact. From a higher layer perspective, these alternatives can be divided in to contention-free and contention-based.
2.1.2 Contention-free SR signal

In this case, each UE would have its dedicated physical resource to transmit the SR, i.e. similar to the legacy SR on PUCCH. The main problem with this solution is that it will consume a large part of the uplink system resources in the narrow 180 kHz NB-IoT carrier. As shown in [2] in the worst case only 20% may be left for NPUSCH transmission if the SR periodicity is short enough to achieve latency gains.
Observation 2 A dedicated signal which is contention-free will introduce a very large uplink system overhead in NB-IoT (~20% left for NPUSCH).
The overhead could of course be reduced by having much longer SR periodicity. However, in this case there would be no latency gains, and if that is the case the RA procedure as of Rel-13 could just as well be used.
 The potential UE power consumption reduction (compared to Random Access) would depend on that during a RA procedure the UE will send more messages than just sending an SR.
Observation 3 If frequent dedicated resources are not used there is no latency gain and RA could just as well be used.

2.1.3 Contention-based SR signal

However, the system overhead from periodic SR resources could be drastically reduced if the SR resources where shared among UEs. Note that in this case the UE identity would have to be appended to the SR to inform the eNB of which UE is transmitting the SR. What would also be required is a contention-resolution procedure if several UEs would use the common resource simultaneously. However, this contention-resolution procedure would have to be very similar to the one already used for RA and therefore the gains over using RA for SR as in Rel-13 operation are questionable.
Observation 4 A dedicated signal which is contention-based must include contention resolution (Msg3 and Msg4) and therefore RA can just as well be used.

2.1.4 BSR and Semi-Persistent Scheduling

As explained above, the SR is just a flag and in a way an intermediate step to achieving a UL grant with which the UE can transmit the full BSR in order for the eNB to give it an appropriate UL grant for the transmission of the user-plane payload. That is, it would be even better if the eNB would straight away receive BSRs from the UEs that remain in RRC_CONNECTED. There are periodic BSRs and regular BSRs. To minimize control signalling overhead it is not desired that UEs periodically report zero uplink buffer and instead that BSR is only triggered when new data arrives. Therefore, periodic BSR will not be considered here but instead the regular BSR. BSR is supported for NB-IoT but only short BSR and since there is no equivalent PUCCH for NB-IoT the BSR will always trigger a Random Access unless the UE already has an UL grant.
Observation 5 BSR is already supported and SR is just an intermediate step to transmitting BSR.
However, the problem is that the BSR will as in Rel-13 operation trigger a RA procedure since there is no uplink resources to transmit the MAC CE. UL semi-persistent scheduling (SPS) could be used for this. In Rel-13 NB-IoT SPS is not supported but there is a Rel-15 WI-objective to introduce it also for NB-IoT:

· Study and, if found beneficial, support UL/DL semi-persistent scheduling [RAN2, RAN1, RAN4]
With the skipUplink-feature introduced in Rel-14, UEs would not have to transmit anything (i.e. padding) unless new data arrives in the UL buffer and a BSR MAC CE has been generated.
Proposal 2 Consider SPS support with skipUplink for NB-IoT for use with regular BSR.
The SPS grant is cancelled once the timeAlignmentTimer expires. That is, once the UE is no longer considered to be uplink time aligned the SPS grant will be released and the UE reverts to using RA when SR is triggered as agreed by RAN1 (“SR should only be used when an NB-IoT UE is in uplink sync in RRC connected mode”). 
In the same way as for a dedicated physical SR-signal, very frequent SPS resources (i.e. short semiPersistSchedIntervalUL) would lead to an unacceptably high system overhead. It is likely that the operator configures the network based on the expected traffic to optimize for latency (short interval) or maximum system capacity (long interval). In case the traffic is expected to occur very seldom, the UE would use RA when a SR is triggered as in Rel-13 operation. (Since the RA procedure is initialized immediately it is questionable if a new dedicated physical SR-signal would have any significant latency advantage for SR resource periodicities with acceptable system overhead. The latter would have reduced signalling but on the other hand need to wait for the next upcoming SR resource, assuming the same periodicity for NPRACH and SR resources).
Proposal 3 Similar to legacy LTE; BSR is sent using SPS resources if configured otherwise BSR triggers RA.
Note that the UE power consumption reduction with this approach would be larger than using a dedicated physical SR-signal. This since the intermediate step of the SR is omitted as indicated in Figure 1 below.
Observation 6 Regular BSR with SPS and skipUplink provides a larger UE power consumption gain than a new dedicated physical SR-signal.


[image: image1]
Figure 1: Signal reduction of BSR only compared to physical signal
In summary, very high system overhead caused by either very frequent dedicated SR resources or SPS resources is not feasible and, hence, UE power consumption should be the main focus of this WI-objective (latency is further addressed by the early-data WI-objective without any system overhead drawbacks). Here it is proposed that short-lived connections could adequately be addressed by appending SR to HARQ-ACK, long-lived connections with BSR either triggering RA or transmitted with SPS, depending on the expected periodicity of traffic arriving in the buffer. UEs remaining long enough in RRC_CONNECTED such that the timeAlignmentTimer expires would be addressed by RA as in Rel-13 operation. 

Observation 7 Regular BSR with SPS and skipUplink, and appending Scheduling Request with HARQ-ACK and RA, covers the most important use cases considered in Rel-15.

3 Conclusion

Based on the discussion in section 2, we have the following observations: 
Observation 1
Append SR with HARQ-ACK has minimal standard impact but cannot address the use case of downlink triggered UL data.
Observation 2
A dedicated signal which is contention-free will introduce a very large uplink system overhead in NB-IoT (~20% left for NPUSCH).
Observation 3
If frequent dedicated resources are not used there is no latency gain and RA could just as well be used.
Observation 4
A dedicated signal which is contention-based must include contention resolution (Msg3 and Msg4) and therefore RA can just as well be used.
Observation 5
BSR is already supported and SR is just an intermediate step to transmitting BSR.
Observation 6
Regular BSR with SPS and skipUplink provides a larger UE power consumption gain than a new dedicated physical SR-signal.
Observation 7
Regular BSR with SPS and skipUplink, and appending Scheduling Request with HARQ-ACK and RA, covers the most important use cases considered in Rel-15.


We propose the following: 
Proposal 1
Introduce support to append SR with HARQ-ACK.
Proposal 2
Consider SPS support with skipUplink for NB-IoT for use with regular BSR.
Proposal 3
Similar to legacy LTE; BSR is sent using SPS resources if configured otherwise BSR triggers RA.
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� Note that contention-free RA procedure is supported in NB-IoT from Rel-14, but cannot practically be used in this case since it is not possible to reserve enough preambles.
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