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Introduction
In RAN#80 meeting, a new work item (WI) on Rel-16 NB-IoT enhancements was approved [1]. One objective of the WI is to improve UL transmission efficiency and/or UE power consumption for NB-IoT:
· Specify support for transmission in preconfigured resources in idle and/or connected mode based on SC-FDMA waveform for UEs with a valid timing advance [RAN1, RAN2, RAN4]
· Both shared resources and dedicated resources can be discussed
· Note: This is limited to orthogonal (multi) access schemes
In RAN1#98 the following agreements were made regarding support for transmission in preconfigured UL resources in NB-IoT deployments [2]:
	Agreement
Confirm the Working Assumption#1 in RAN1#96bis
In idle mode, updating PUR configurations and/or PUR parameters via L1 signalling after a PUR transmission is supported
· FFS: Which PUR configurations and PUR parameters will be signaled via L1
· FFS: Definition of PUR configurations and PUR parameters

Agreement
Confirm the Working Assumption#2 in RAN1#96bis
For dedicated PUR
· During the PUR search space monitoring, the UE monitors for DCI scrambled with a RNTI assuming that the RNTI is not shared with any other UE
· Note: It is up to RAN2 to decide how the RNTI is signaled to UE or derived
· FFS if the UE monitors any additional RNTI which may be shared with other UEs.
· Note: The same RNTI may be used over non-overlapping time and/or frequency resources

Agreement
For dedicated PUR in idle mode, the maximum NPDCCH repetitions, X, is included in the PUR configuration and the PUR NPDCCH candidates are derived using legacy USS rules where rmax= X.

Agreement
RAN1 will downselect among the following indications for PUR L1 ACK in RAN1#98bis
· Timing advance adjustment (including TA adjustment of 0)
· UE TX power adjustment 
· NPUSCH repetition adjustment
· Indication of PUR SS monitoring termination
· Flag to indicate for L1 ACK
· None of the above 
Note: No new indications will be considered.

Agreement
After data transmission on PUR, if nothing is received by the UE in a time period, the UE shall fallback to legacy RACH/EDT procedure.
FFS: Details on time period

Agreement 
Open loop power control is used as power control mechanism for PUR.
· The power for PUR transmission is calculated based on pathloss regardless of the number of repetitions.

Agreement 
For dedicated PUR in idle mode and for FDD NB-IoT UEs, the start of the PUR SS Window is 4 subframes after the end of the PUR transmission.

Agreement
The dedicated PUR ACK DCI at least allows for indicating implicitly or explicitly that the current PUR monitoring is terminated 
· FFS: The dedicated PUR ACK DCI at least allows for indicating whether the UE continues monitoring the PUR search space after a gap (whether the gap is always zero or it can be zero)

Agreement
After data transmission on PUR, the UE may expect an explicit indication on NPDCCH for fallback to EDT or RACH

Working assumption 
For NB-IoT allocation with 12 tones, for PUR with R>= [64 or 128 repetitions or ms]:
· Allow for UE-specific cyclic shift for DMRS:
· For 12 tone allocation, [2 or 4 or 8] cyclic shifts.
· For NPUSCH scrambling, the baseline is the current c_init equation by using the configured PUR_RNTI. 
· Companies are welcome to evaluate baseline c_init, alternative c_init (e.g. c_init for NPDSCH rotation sequence) equations, and other proposals. 
Note 1: The Working Assumption is also subject to the potential RAN2 and RAN4 specification impacts.
Note 2: It is transparent to a given UE whether the eNB is allocating other UEs in the same resource.




In this contribution, we present our views on support of NPUSCH transmissions using pre-configured resources in NB-IoT deployments. 

[bookmark: _Ref528838497]General View on Dedicated and Shared PURs in IDLE and CONNECTED Modes
In RAN1#94bis meeting, three types of the preconfigured uplink resources (PURs) were defined: one dedicated PUR and two shared PURs. The shared PURs can be further categorized as contention-free (CFS PUR) or contention-based (CBS PUR). Also, in RAN1#94 it was agreed to strive for commonality in design of all PUR types. Following this agreement, it would be natural to specify a resource configuration framework that is sufficiently generic to enable both shared and dedicated configurations. 
Accordingly, it is assumed that the PUR(s) can be dedicated or shared by UEs in CONNECTED or IDLE mode. A dedicated PUR is considered as a special case of shared PUR depending on the configuration provided by the eNB. In other words, the eNB manages to allocate PURs exclusively for a particular UE via dedicated RRC signaling. In this regard, shared PURs are the resources preconfigured to multiple UEs via dedicated RRC signaling. After receiving PUR configuration(s) via higher layer signaling, the UE may transmit NPUSCH without requiring any further Layer1 triggering.
Proposal 1:
· Support the general framework of PUR configuration for shared or dedicated UL transmission of the UEs in CONNECTED or IDLE mode.

To further clarify the PUR operation in the CONNECTED mode, it’s assumed that the UE staying in CONNECTED mode still can use the PUR configured for it even before going to IDLE mode. Thus, no separate PUR configuration for CONNECTED mode is used.
Proposal 2:
· PUR configured for IDLE mode still can be used by UE staying in CONNECTED mode.

Views on CFS PUR
[bookmark: _Ref521588416]Although it was agreed to support the dedicated PUR for UEs in IDLE mode, the CFS PUR is under working assumption. It would be relatively easy to confirm the working assumption on CFS PUR support as the contention resolution step is not needed for this PUR type. Taking into account the main application scenario of CFS PUR, i.e., UL MU-MIMO, it seems sufficient to provide the UE with a unique Demodulation Reference Signal (DMRS) and scrambling ID in the dedicated CFS PUR configuration(s). However, introducing an orthogonal DMRS for enabling UL MIMO operation may be cumbersome for the number of tones less than 12 with no obvious gain. The reduced frequency allocation for DMRS, eventually, will require longer time duration to maintain sufficient orthogonality between different DMRS. This would lead to a new DMRS design for PUR and significantly impacts the specification. This is not preferred taking into account the shortage of time for Rel-16 completion. Therefore, it’s proposed to support CFS PUR with orthogonal DMRS for NB-IoT allocation with 12 tones only.
In addition to UL MU-MIMO, the CDMA or OCC based multiplexing option was considered as a means of improving multiple access. Partially, it was reflected in the definition of NPUSCH resource for shared PURs which is at least a time-frequency resource. CDMA/OCC-based multiplexing schemes have been considered since Rel-13 without its adoption and repeats again now. In previous releases, RAN1 defined the support of transmission with less than 12 tones as an effective UL capacity enhancement over the choice of OCC/CDMA. With similar motivation, this feature can be combined together with the dedicated PUR concept in Rel-16 for UL capacity enhancement.
Proposal 3:
· Confirm the working assumption on CFS PUR supported with orthogonal DMRS for UL MIMO in scenarios with NB-IoT allocation of 12 tones.
· Multiple orthogonal DMRS, e.g., by means of UE-specific cyclic shift, are not supported in CFS PUR with a smaller allocation size.
· CDMA/OCC-based multiplexing within CFS PUR is not supported in Rel-16.

Views on L1 Signaling
In RAN2 #106 the following agreement was taken regarding L1 ACK signalling [3]:
	RAN2 assumes the L1 signalling for acknowledgement is sent only after the eNB determines there is no pending downlink data or signalling.



At the same, in RAN1 it is still FFS whether the dedicated PUR ACK DCI allows for indicating the UE to continue monitoring PUR SS. One reason for UE to monitor further the PUR SS after L1 ACK is to receive other DCI scheduling downlink data with, e.g., higher-layer feedback messages. However, this monitoring may be quite power consuming and, thus, should be justified only when the higher-layer feedback occurs quite often in the downlinkin response to UL transmissions using PUR. However, the UE could be triggered to fallback to EDT for such purpose. It should be noted that if the higher layer feedback would require further L1 acknowledgment from the UE (most likely case) for the corresponding PDSCH(s), this would further complicate the procedure in terms of enabling PUCCH transmissions corresponding to any related DL assignments. Thus, to keep the procedure reasonably simple and in view of the quoted assumption by RAN2 WG, it is proposed to clarify in RAN1 the UE behavior upon reception of L1 ACK signaling within PUR SS. In particular, that the UE terminates monitoring of the current PUR SS after reception of L1 ACK signaling.
Proposal 4:
· The UE terminates monitoring of the current PUR SS after reception of L1 ACK signaling.

It was also confirmed at the last RAN1 meeting that some parameters of PUR configuration can be updated via L1 signaling, e.g., with DCI carrying PUR ACK. However, the particular parameters were not defined. It should be noted that dynamic adjustment via DCI is currently supported in NB-IoT for the number of NPUSCH repetitions. Therefore, it’s proposed to support it as well in PUR operation. Another important UL parameter is the timing advance (TA). It is worth including its adjustment also in L1 signaling. However, the capacity of carrying DCI may be found not enough for this. The situation can be addressed by reducing the granularity of TA adjustment to fit into the size of DCI.
Proposal 5:
· The following UL transmission parameter can be adjusted by L1 signaling:
· UL TX power
· Number of NPUSCH repetitions
· Consider indication of TA adjustment by L1 signaling.

Discussion on Remaining Aspects Related to PUR Support
A PUR configuration can be primarily based on the identified coverage condition of the UE as well as based on any traffic requirements/characteristics as observed at the network scheduler. Although, a single resource configuration for UE may be sufficient for NB-IoT systems considering relatively less diverse traffic and QoS demands, configuration of multiple PURs can also be beneficial in the context of interference management within each PUR. Thus, from the perspective of specifications, supporting multiple PUR configurations should be considered.
Observation 1:
· The ability to configure multiple PURs in the cell can be beneficial.

It was agreed in the last meeting that the UE shall fallback to legacy RACH/EDT procedure if nothing is received within a time period after data transmission on PUR. However, the details on the time period are FFS. The UE monitors the PUR SS during the time window configured as part of overall PUR configuration and UE stops further monitoring of PUR SS upon reception of DCI ACK. Therefore, it’s proposed that the time period during which the UE receives nothing from eNB after UL transmission on PUR is one time window duration.
Proposal 6:
· The time period during which the UE receives nothing from eNB in response to its UL transmission on PUR is one PUR SS time window duration. Then the UE shall fallback to legacy RACH/EDT procedure.

Conclusion
In this contribution, we presented our views on support of NPUSCH transmissions using pre-configured resources in NB-IoT deployments. Based on the discussions, we make the following observations and proposals:
Observation 1:
· The ability to configure multiple PURs in the cell can be beneficial.

Proposal 1:
· Support the general framework of PUR configuration for shared or dedicated UL transmission of the UEs in CONNECTED or IDLE mode.

Proposal 2:
· PUR configured for IDLE mode still can be used by UE staying in CONNECTED mode.

Proposal 3:
· Confirm the working assumption on CFS PUR supported with orthogonal DMRS for UL MIMO in scenarios with NB-IoT allocation of 12 tones.
· Multiple orthogonal DMRS, e.g., by means of UE-specific cyclic shift, are not supported in CFS PUR with a smaller allocation size.
· CDMA/OCC-based multiplexing within CFS PUR is not supported in Rel-16.

Proposal 4:
· The UE terminates monitoring of the current PUR SS after reception of L1 ACK signaling.

Proposal 5:
· The following UL transmission parameter can be adjusted by L1 signaling:
· UL TX power
· Number of NPUSCH repetitions
· Consider indication of TA adjustment by L1 signaling.

[bookmark: _GoBack]Proposal 6:
· The time period during which the UE receives nothing from eNB in response to its UL transmission on PUR is one PUR SS time window duration. Then the UE shall fallback to legacy RACH/EDT procedure.
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