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1 Introduction

The WID of further NB-IoT enhancements was approved in RAN#75 [1] and reviewed in RAN#76 [2], RAN#77 [3].In which, the following objective is included:

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]

In this paper, we will discuss different kinds of the physical layer SR for the purpose of UE power consumption reduction and more efficient system resource utilization. We also analyse their impacts on RAN2 specifications and give our proposals.

2 Discussion

In RAN1 #89 meeting, the following agreements were achieved for physical layer SR [4].

· 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
Based on the agreements, SR can be piggybacked with HARQ-ACK. With the physical layer option 1, the modulation scheme for HARQ-ACK is changed from BPSK to QPSK. Considering the case that the legacy UE and the UE which supports piggybacked SR with HARQ-ACK may co-exist, the eNB should demodulate piggybacked SR with HARQ-ACK only for the UE which supports this function. In order for the eNB to differentiate which UE would send piggybacked SR with HARQ-ACK, a general way is to let the UE report its capability. After the eNB knows the UE’s capability, the eNB can configure the UE to use piggybacked SR with HARQ-ACK and then correctly demodulate it. With the physical layer option 2, the SR may be an additional part attached to the existing HARQ-ACK. the eNB may try to blindly demodulate the SR from HARQ-ACK for all the UE. Also with the consideration that there are some or many legacy UEs, we think such scheme is not an efficient option for the eNB since the eNB may do some demodulation attempts but find there has no piggybacked SR. So it’s also better for the eNB to demodulate piggybacked SR with HARQ-ACK only when the eNB knows that the UE is configured to use this function. Before that the eNB also needs to know the UE’s capability.
Proposal 1: UE should report its capability of supporting piggybacked SR with HARQ-ACK to eNB.
As said above, even we think all the eNB can support piggybacked SR with HARQ-ACK, in order to avoid that the eNB incorrectly demodulate (in the case of using physical layer option 1) or inefficiently demodulate (in the case of using the physical layer option 2) the HARQ-ACK, the eNB should explicitly configure this function for the UE. Furthermore, we should consider another case that the legacy eNB and the eNB which supports piggybacked SR may co-exist. With the physical layer option 1, the legacy eNB would fail to receive UE’s HARQ-ACK with new modulation format. With the physical layer option 2, even the legacy eNB can receive UE’s HARQ-ACK and omit piggybacked SR, the air interface resource is still wasted. So the piggybacked SR with HARQ-ACK would be used only when the eNB configures the UE to enable this function. 
If proposal 1 is agreed, it’s suggested that the eNB configures the UE to enable piggybacked SR with HARQ-ACK after the eNB acquires UE’s capability, e.g., by dedicated signaling. If proposal 1 is not agreed, at least the eNB which supports piggybacked SR with HARQ-ACK should broadcast its capability, e.g., through SIB. The UE can only send piggybacked SR with HARQ-ACK under the eNB supporting this function.
Proposal 2: The eNB should configure the UE to enable piggybacked SR with HARQ-ACK. 

From service or application perspective, downlink and uplink transmission doesn’t always happen at the same time. That means, when the UE has SR to be sent, there may not always has HARQ-ACK for the downlink transmission. Since the UE cannot predict the upcoming DL scheduling, the UE cannot trigger piggybacked SR with HARQ-ACK. And if there also has no dedicated SR resource configuration, the random access procedure would be triggered for SR no matter whether there will have DL data transmission in a short period. That will make piggybacked SR with HARQ-ACK rarely used and the benefits of introducing this function greatly reduced. In order to give the UE more opportunities to use piggybacked SR with HARQ-ACK and try to reduce SR transmission through random access procedure which may cause more UE power consumption, a SR prohibit timer can be introduced and activated when there has a SR to be transmitted. During running of SR prohibit timer, the UE waits for the possible DL transmission. If there has a DL transmission, the UE can piggyback the pending SR with HARQ-ACK. Random access procedure would be triggered by SR only when the SR prohibit timer is expired.

Proposal 3: It’s suggested to introduce a SR prohibit timer.

Proposal 3a: If piggybacked SR with HARQ-ACK is enabled, a SR prohibit timer can be activated when there has a SR to be transmitted. Random access procedure would be triggered by SR only when the SR prohibit timer is expired.

According to the objective in R15 NB-IoT WID, the dedicated physical layer SR also has been discussed in RAN1 but no agreement is achieved till now. If dedicated physical layer SR is supported, it’s straightforward that the SR resources should be semi-statically configured by RRC signaling as that in dedicated SR scheme in legacy LTE. 

Proposal 4: If dedicated physical layer SR is supported, the SR resources should be semi-statically configured by RRC signaling.

Another straightforward thing is, only when the UE supports the dedicated physical layer SR, the dedicated SR resources can be configured for the UE. So the UE capability of supporting the dedicated physical layer SR should be reported to eNB if dedicated physical layer SR is introduced.

Proposal 5: If dedicated physical layer SR is supported, the UE capability of supporting the physical layer dedicated SR should be reported to eNB.
Since the SR resources are semi-statically configured, the resource reserved for dedicated SR transmission will take up extra radio resource. Furthermore, if piggybacked SR with HARQ-ACK is supported at the same time, the configured dedicated SR resources would be useless when the UE has DL data transmission and uses piggybacked SR with HARQ-ACK. 
Observation 1: If both dedicated physical layer SR and piggybacked SR with HARQ-ACK are supported, the configured dedicated SR resources may be wasted in the case that the UE would use piggybacked SR with HARQ-ACK.

If the SR resources can be dynamically enabled/disabled after they are semi-statically configured by RRC signaling, resource utilization efficiency would be improved since the reserved SR resources can be temporarily released for other UEs scheduling or other purposes. For example, if the UE supports piggybacked SR with HARQ and uses an application with continuous downlink transmission, the piggybacked SR with HARQ can be enabled and the dedicated physical layer SR would be disabled. If the UE will have no downlink transmission during a long time, the dedicated physical layer SR can be enabled. In order to guarantee high resource scheduling efficiency, it can be considered to use a physical layer indication to dynamically enable/disable the dedicated SR resources configured by RRC.

Proposal 6: It’s suggested to dynamically enabled/disabled dedicated physical layer SR by physical layer indication, e.g., a new DCI. 

3 Conclusion

Based on the analysis in this paper, we have the following proposals:
Observation 1: If both dedicated physical layer SR and piggybacked SR with HARQ-ACK are supported, the configured dedicated SR resources may be wasted in the case that the UE would use piggybacked SR with HARQ-ACK.
Proposal 1: UE should report its capability of supporting piggybacked SR with HARQ-ACK to eNB.
Proposal 2: The eNB should configure the UE to enable piggybacked SR with HARQ-ACK.
Proposal 3: It’s suggested to introduce a SR prohibit timer.

Proposal 3a: If piggybacked SR with HARQ-ACK is enabled, a SR prohibit timer can be activated when there has a SR to be transmitted. Random access procedure would be triggered by SR only when the SR prohibit timer is expired.

Proposal 4: If dedicated physical layer SR is supported, the SR resources should be semi-statically configured by RRC signaling.

Proposal 5: If dedicated physical layer SR is supported, the UE capability of supporting the physical layer dedicated SR should be reported to eNB.

Proposal 6: It’s suggested to dynamically enabled/disabled dedicated physical layer SR by physical layer indication, e.g., a new DCI.
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