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In RAN2#101 meeting, we have the following agreement on SPS.
	=> 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 agreement was made.
	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.



The RAN1 agreement means that RAN1 has chosen NPDCCH-ordered NPRACH rather than NPUSCH format 2 (which carries UCI) as the solution for L1 scheduling request (SR). Another option for simplified UL transmission request that is still under RAN1 discussion is the UL Semi-Persistent Scheduling (SPS), which uses NPUSCH format 1. In this contribution, we discuss the use of UL SPS for SR/BSR in NB-IOT.
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L1 scheduling request
The NB-IoT WID has an objective to support L1 Scheduling Request. Reviewing the purpose and usage of SR we find:
· The purpose of having a dedicated SR resource is to avoid a full RACH procedure. 
· The SR resource is configured for UEs in connected mode. 
· An SR resource could be configured, e.g.,
· when a UE connects for MT traffic and it is expected that the UE will deliver a reply;
· for an interactive request-response session.
We observe that not all RRC Connected UEs need to be configured with SR. In fact only a fraction of UEs would need SR resources. But on the other hand it is also obvious that without SR resources, interactive type traffic becomes expensive and causes high RACH load.
Observation 1:	Only a fraction of UEs would need SR resources, but dedicated SR resource can significantly reduce RACH load.
Complementary solutions based on UL SPS
1.1.1 The concept
While RAN1 has propose solutions for dedicated SR, there are some situations where the solutions are not suitable. For example,
· Network configures dedicated SR with piggy back with HARQ-ACK, but there is no DL transmission
· Triggered NPRACH for SR: There is no enough spare NPDCCH-ordered NPRACH resources can be used for SR due to heavily loaded cell with many mobile UEs (e.g. shared bikes)
In this case, UL SPS can be used as a complementary solution. A small dedicated SPS resource allocation, e.g. with the size of a small Buffer Status Report (BSR), could serve a similar purpose as a dedicated SR and reduce the overhead for the UE. The main difference is that a specific L1 scheduling request type of resource could have higher capacity than SPS using PUSCH resource. However, the capacity can be managed by allocating SR resources only to those UEs that need it (e.g. by using the UE differentiation feature).
Proposal 1:	Support connected mode UL SPS for the purpose of SR/BSR, as a low effort alternative to PHY Layer SR.
1.1.2 Enabling BSR based on UL SPS
The BSR procedure in current NB-IoT can be summarized as follows.
· [bookmark: _GoBack]The eNB polls the UE for UL grant required via NPDCCH order which triggers a RACH procedure   (i.e. based on configured timer, UE provide MAC CE BSR on NPUSCH via UL grant) 
· Or, the UE triggers a random access procedure when there is no uplink resources to transmit the MAC CE, or if a UE requires urgent UL resources, e.g., to send an alarm type of exceptional report.
The BSR procedure can be improved by the use of UL SPS. If the eNB configures the UE with UL SPS resource for MAC CE BSR, RACH procedure needs not to be triggered.
Observation 2:	If the eNB configures the UE with UL SPS resource for BSR MAC CE, RACH procedure needs not to be triggered for BSR transmission.
More details of connected mode UL SPS for SR/BSR is provided below.
Skipping UL transmission
The Rel-14 skipUplink feature should be adopted, so that UEs can skip UL transmission (not transmitting anything) if there is no data. In this way, UL SPS has no impact on UE power consumption.
Release of SPS grant 
SPS grant should be released if timeAlignmentTimer expires, i.e., UE is no longer UL time aligned. Notice that since skipUplink is configured, the IE implicitReleaseAfter (implicit release after a number of empty transmissions) in LTE is not needed.
Activation/ deactivation
As in LTE, SPS activation/deactivation is indicated by PDCCH with CRC scrambled by SPS C-RNTI.
Configuration
UL SPS Parameters such as periodicity (SPS interval), SPS C-RNTI can be configured via RRC signaling. For example, we may start from the following ASN.1 structure.
SPS-Config-NB ::=	SEQUENCE {
	semiPersistSchedC-RNTI-r15		C-RNTI					OPTIONAL,			-- Need OR
	sps-ConfigUL-r15				SPS-ConfigUL-NB-r15		OPTIONAL			-- Need ON
}

SPS-ConfigUL-NB ::=	CHOICE {
	release							NULL,
	setup							SEQUENCE {
		semiPersistSchedIntervalUL-r15		ENUMERATED {TBD},
		...
	}
}

Based on the discussion, we have the following proposals.
Proposal 2:	If connected mode UL SPS for SR/BSR is configured, skipUplinkSPS is also configured.
Proposal 3:	Connected mode UL SPS grant is released if timeAlignmentTimer expires.
Proposal 4:	Connected mode UL SPS activation/deactivation is indicated by PDCCH with CRC scrambled by SPS C-RNTI.
Proposal 5:	Connected mode UL SPS Parameters such as periodicity (SPS interval), SPS C-RNTI is configured via RRC signalling.
Once UL SPS is activated, the UE configured with UL SPS does not have to detect NPDCCH to get UL grant to transmit NPUSCH. There is no scheduling latency to detect NPDCCH or scheduling delay between NPDCCH and NPUSCH. This reduces latency and is also power efficient especially if NPDCCH is scheduled with a high level of repetitions.
Conclusion
We have the following observation:
Observation 1:	Only a fraction of UEs would need SR resources, but dedicated SR resource can significantly reduce RACH load.
Observation 2:	If the eNB configures the UE with UL SPS resource for BSR MAC CE, RACH procedure needs not to be triggered for BSR transmission.
It is proposed to discuss and decide on the following proposals:
Proposal 1:	Support connected mode UL SPS for the purpose of SR/BSR, as a low effort alternative to PHY Layer SR.
Proposal 2:	If connected mode UL SPS for SR/BSR is configured, skipUplinkSPS is also configured.
Proposal 3:	Connected mode UL SPS grant is released if timeAlignmentTimer expires.
Proposal 4:	Connected mode UL SPS activation/deactivation is indicated by PDCCH with CRC scrambled by SPS C-RNTI.
Proposal 5:	Connected mode UL SPS Parameters such as periodicity (SPS interval), SPS C-RNTI is configured via RRC signalling.
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