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1 WID objective

	A-1. Further latency and power consumption reduction

· Power consumption reduction for physical channels

· Study and, if found beneficial, support UL/DL semi-persistent scheduling [RAN2, RAN1, RAN4]


2 Background
RAN1 have made agreements as follows on SPS:
	Agreements in RAN1#90
· If SPS is supported in NB-IoT, at least the following physical layer aspects need to be further studied, considering the objective to reduce UE power consumption:

· DCI format(s), size(s), and purpose(s)

· Reduction of NPDCCH monitoring occasions 

· Retransmission scheme(s) for UL and DL.

· Activation/release mechanism(s)

· Issues between SPS and dynamic scheduling

· What baseline should be used to compare SPS to



RAN2 are leading this WI objective, and have made agreements including the following:

	Agreements in RAN2#99bis:
· 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). 

· We support SPS for SC-PTM (note that there would be differences to legacy unicast SPS)


	Agreements in RAN2#101:
· 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).

· Will not support Idle mode SPS for Rel-15


3 Summary of discussion points
3.1 Consideration on specification impacts
Some contributions discussed the potential specification impacts of SPS shown in table 1.
Table 1
	Huawei, HiSilicon
	Proposal 2: For SC-PTM SPS, at least the following aspects with specification impact require future study: backward compatibility of monitoring requirements, DCI designs, NPDSCH reception procedures, and higher-layer configuration overhead.

	Ericsson
	Observation 1: Depending on the final design on RAN1, the foreseeable RAN1 impacts if SPS is introduced in NB-IoT limits to the DCI design.

	MediaTek
	Observation 3: Impact of UL SPS for SR/BSR is minimal on specifications.

	Samsung
	Proposal #3: Necessary configuration of SPS for SC-PTM is configured with other SC-PTM configuration in SIB 20.

Proposal # 4: Further study if DCI for deactivation of SPS for SC-PTM is needed.


Observation 1: RAN1 impacts if SPS is introduced in NB-IoT include DCI design, NPDCCH monitoring requirements, backward compatibility between semi-persistent and dynamic scheduling, NPDSCH reception procedures and SPS configurations.

3.2 Consideration on details
SPS is led by RAN2, and RAN2 has an agreement to support SPS for SC-PTM but the detailed SPS solutions for SC-PTM has not been agreed. And RAN2 leave it to RAN1 to decide what to do, e.g. whether to develop a physical channel for D-SR, or request RAN2 to develop a SPS solution for D-SR (+BSR). Some contributions in RAN1 discussed some details shown in table 2. 
Table 2
	Huawei
	Observation 2: For BSR transmission, the resource overhead of uplink SPS is higher than that of SR.

Proposal 1: BSR is conveyed by dedicated SR transmission.

	Ericsson
	Observation 2: PHY-SR has little or no advantage to Rel-13 RA; the number of messages exchanges are the same, but PHY-SR introduces a non-zero UL resources consumption.

Observation 3: Period PHY-SR resources would need to be defined and introduced in specification, whereas SPS is already there and would be straight forward to support also for NB-IoT.

Observation 4
To have a fully functional dedicated PHY-SR design, it requires a similar design to SPS. Therefore, it is easier to use SPS instead than re-designing the dedicated PHY-SR.
Observation 5: Using UL SPS not only we can support more UEs at the same time to send SR/BSR but also reducing the signalling overhead by reducing the number of NPDCCHs. 

Observation 6
NPRACH based PHY-SR can only achieve marginal gains comparing to the baseline case, especially for the UEs in deep coverage.

Proposal 1: Using UL SPS with skipUplink for NB-IoT for use with regular BSR for the UE   to require UL resource.

Proposal 2
Using DCI for Semi-Persistent Scheduling Activation/Release NPDCCH Validation for NB-IoT.

	MediaTek
	Observation 1: Total NB-IoT overhead including   NPRACH, NRS, NSSS, and SI is 45.0% in standalone scenario and 76.0% in inband scenario.

Observation 2: RACH resource configuration lacks flexibility – i.e. granularity in frequency domain is 12 sub-carriers, minimum periodicity is 40 ms. RACH resource configuration change with system information update.

Proposal 1: Use UL SPS for the purpose of SR/BSR, as a low effort alternative to PHY Layer SR.
Proposal 2: RAN1 request RAN2 to support connected mode SPS for UL SPS for SR/BSR

	ZTE
	Proposal 1: SPS for SC-MCCH transmission is not considered.

Proposal 2: NPDCCH-less SPS is supported for SC-MTCH transmission. 

­
Large NPDCCH period for SC-MCCH change monitoring is considered.
Proposal 3: UL SPS is not considered for NB-IoT in Rel-15.

	Samsung
	Observation #1: Support SPS-based BSR for NB-IoT can reduce signaling overhead in RACH procedure and UE power consumption.

Observation #2: It is not reliable to support BSR conveyed on SR without HARQ-ACK.

Observation #3: Without BSR covered on SR without HARQ-ACK, there is no benefit of support dedicated SR compared with UL SPS for BSR/SR.

Proposal #1: Support of semi-persistent scheduling for BSR in NB-IoT. When BRS is 0, UE can skip the SPS transmission.

Proposal #2: SPS G-RNTI and SPS SC-RNTI are introduced to support SPS for SC-PTM.

	Nokia
	Proposal 1: Support SPS for SC-MTCH.
Proposal 2: Do not support uplink SPS for SR/BSR.

	Qualcomm
	Proposal 1: From RAN1 perspective, it is beneficial to support semi-persistent scheduling of reserved NPRACH resources in idle mode, together with “early data” optimizations.

-
Proposal 1a: Semi-persistent scheduling of reserved NPUSCH resources can be considered if problems with initial power control and timing advance can be solved.
Observation 1: Despite its benefits, and due to time constraints, it is not possible to specify a complete SPS solution by the end of Rel-15. Consider carrying out this work during Rel-16, building on top of the EDT feature of Rel-15.


Proposal 1: For SPS SC-PTM:

· SPS for SC-MCCH is not supported.

· SPS for SC-MTCH is

· Alt 1: Supported by SPS G-RNTI and SPS SC-RNTI scrambled DCI format N2, at least for activation. FFS deactivation DCI.
· Alt 2: Not supported for Rel-15.
Three companies support UL SPS and other companies do not support UL SPS in Rel-15. So it needs to further discussion on whether to support UL SPS in this meeting. 
Proposal 2: Need to decide whether to support UL SPS in this meeting:
· Alt 1: Use UL SPS with skipUplink for use with regular BSR for the UE to request UL resource. Use DCIs scrambled by SPS-C-RNTI for Semi-Persistent Scheduling Activation/Release NPDCCH Validation for NB-IoT.

· Alt 2: Pre-configure reserved resources for BSR. When BSR is 0, UE can skip the SPS transmission.

· Alt 3: Semi-persistent scheduling of reserved NPRACH resources in idle mode.
· Alt 4: Semi-persistent scheduling of reserved NPUSCH resources.

· Alt 5: Do not support UL SPS in connected mode for Rel-15.
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