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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 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


In RAN1 #92 meeting, the following agreements were achieved for physical layer SR [5]:  

	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. 


In this paper, we will further discuss these kinds of the physical layer SR, analyse their impacts on RAN2 specifications and give our proposals.

2 Discussion

#issue 1: piggybacked SR with HARQ-ACK
Based on the RAN1 agreements, SR can be piggybacked with HARQ-ACK and eNB may try to demodulate the SR based on the orthogonal length-16 cover codes on ACK/NACK data symbols for all the UE. Considering that there are still some or many legacy UEs, the eNB needs to check the symbols according to different UE types after demodulating the ACK/NACK to determine whether there have piggybacked SR. So it’s 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 needs to know the UE’s capability.
Proposal 1: UE should report its capability of supporting piggybacked SR with HARQ-ACK to eNB.
Furthermore, taken into account that the legacy eNB and the eNB which supports piggybacked SR may co-exist. The legacy eNB cannot correctly deal with piggybacked SR with HARQ-ACK. 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. 

#issue 2: dedicated physical layer SR

Based on the RAN1 agreements, SR is transmitted without HARQ-ACK (so called dedicated physical layer SR) will also be supported. When SR is transmitted without HARQ-ACK, the SR resources should be configured by RRC signaling. 

Proposal 3: If dedicated physical layer SR is supported, the SR resources should be configured by RRC signaling.

Furthermore, 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.

Proposal 4: If dedicated physical layer SR is supported, the UE capability of supporting the dedicated physical layer SR should be reported to eNB.
If dedicated SR resources are semi-statically configured by RRC signaling, the overhead of resource reserved for SR transmission may be large. Furthermore, the SR resources configured by RRC signalling are useless when the UE has DL data transmission, e.g., piggybacked SR with HARQ-ACK could be used. If the SR resources can be dynamically enabled/disabled after they are 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. Such dynamic physical layer signaling to enable/disable the RRC configured SR resources configured by RRC can be carried by DL grant or UL grant. For example, the SR resources can be dynamically enabled by the UL grant for the last NPUSCH transmission and disabled by UL grant for the first NPUSCH transmission. The eNB can confirm the UE’s reception of the enable/disable signalling when it successfully receives NPUSCH or the HACK-ACK feedback from the UE.   

Proposal 5: It’s suggested to dynamically enable/disable the dedicated physical layer SR resource by physical layer indication.
In addition, in order to avoid the SR resource reconfiguration through RRC messages, which is not supported by Control plane CIoT EPS optimization solution, multiple sets of SR resources can be semi-statically configured by RRC signaling and which set is enabled can also be indicated in NPDCCH DCI.

Proposal 6: It’s suggested to configure multiple sets of SR resource through RRC message.

Proposal 6a: Which set of SR resource will be enabled can be indicated in NPDCCH DCI.  
3 Conclusion

Based on the analysis in this paper, we have the following proposals:
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: If dedicated physical layer SR is supported, the SR resources should be configured by RRC signaling.

Proposal 4: If dedicated physical layer SR is supported, the UE capability of supporting the dedicated physical layer SR should be reported to eNB.

Proposal 5: It’s suggested to dynamically enable/disable the dedicated physical layer SR resource by physical layer indication.

Proposal 6: It’s suggested to configure multiple sets of SR resource through RRC message.

Proposal 6a: Which set of SR resource will be enabled can be indicated in NPDCCH DCI.
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