Page 1
3GPP TSG RAN WG1 Meeting #96bis		R1-1904271
Xi’an, China, 8th – 12th April, 2019

Source:	Intel Corporation
Title:	UL transmission in preconfigured resources for NB-IoT 
Agenda item:	6.2.2.2
[bookmark: DocumentFor]Document for:	Discussion/Decision
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#96 the following agreements were made regarding support for transmission in preconfigured UL resources in NB-IoT deployments [2]:
	Agreement 
When the UE is configured to use several TA validation criteria, the TA is valid only when all the configured TA validation criteria are satisfied.

Agreement
For dedicated PUR in idle mode, the PUR search space configuration shall be included in the PUR configuration.
· PUR search space is the search space where UE monitors for NPDCCH
· FFS: Whether PUR search space is common or UE specific

Agreement
In idle mode, the TA validation configuration can include “PUR Time Alignment Timer”
· Where the UE considers the TA as invalid if the (current time – time at last TA update) > the PUR Time Alignment Timer
· Details on how to specify the “PUR Time Alignment Timer” is up to RAN2  

Agreement
In idle mode, when the UE validates TA, the UE considers the TA for the previous serving cell as invalid if the serving cell changes
· Above applies for the case where the UE is configured to use the serving cell change attribute

Agreement
For dedicated PUR in idle mode, the dedicated PUR ACK is at least sent on NPDCCH 
· FFS: Whether to introduce new field in DCI or reuse existing field
· RAN2 can decide if a higher layer PUR ACK is also supported

Agreement
When the TA is validated and found to be invalid and the UE has data to send, the UE can obtain a valid TA and may send data via legacy RACH or EDT procedures 
· FFS whether only TA is acquired and then data sent on PUR is supported
· FFS other approaches to obtain a valid TA

Agreement
In idle mode, at least the following PUR configurations and PUR parameters may be updated after a PUR transmission:
· Timing advance adjustment 
· UE TX power adjustment
· FFS: Repetition adjustment for NPUSCH
FFS: Whether the above update is done in L1 and/or higher layer

Agreement
In idle mode, the PUR search space configuration includes at least the following: 
· NPDCCH repetitions and aggregation levels 
· NPDCCH starting subframe periodicity (variable G)
· Starting subframe position (alpha_offset)

Agreement
For dedicated PUR, in idle mode, the PUR resource configuration includes at least the following 
· Time domain resources including periodicity(s) 
· Note: also includes number of repetitions, number of RUs, starting position
· Frequency domain resources
· TBS(s)/MCS(s)
· Power control parameters
Legacy DMRS pattern



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

Views on Shared PURs 
Although it was agreed to support the dedicated PUR for UEs in IDLE mode, the support of both shared (CFS and CBS) PUR types is still FFS. At the same time, it would be relatively easy to enable support of CFS PUR 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 UE with a unique Demodulation Reference Signal (DMRS) and scrambling ID in the dedicated CFS PUR configuration(s).
On the other hand, the support of CBS PUR still needs more study. Especially, in the light of previous agreement to support a fallback mechanism to RACH/EDT. First, RAN1 needs to identify what benefits CBS PUR can bring on top of dedicated/CFS PUR combined with the RACH/EDT fallback.
Proposal 1:
· CFS PUR is supported.
[bookmark: _Ref521588416]
In addition to UL MU-MIMO, 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. A discussion on CDMA appeared previously and repeats again here. This contradicts the WID as it clearly says to limit the scope to ‘orthogonal (multi) access schemes’ only, i.e., no CDMA. Additionally, RAN1 has already defined the support of sub-PRB transmission as an effective UL capacity enhancement which can be combined together with the PUR concept.
However, introducing an orthogonal DMRS for enabling UL MIMO operation may be cumbersome for sub-PRB case with no obvious gain. Therefore, it’s proposed to support orthogonal DMRS for full PRB transmission only.
Proposal 2:
· Support orthogonal DMRS for UL MIMO in scenarios with full PRB transmission.

Configuration Considerations
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 CBS PUR (if agreed). It may provide better interference management within each PUR as well as aid in eNB blind decoding efforts. Thus, from the perspective of specifications, supporting multiple PUR configurations, even for a given coverage level, should be considered.
Observation 1:
· Considering the possible support of CBS PUR and the eNB receiver complexity, as well as possibility to support different traffic requirements/characteristics, the ability to configure multiple PURs in the cell can be beneficial.

HARQ Considerations
[bookmark: _GoBack]In previous RAN1 meetings, it was agreed that UE in IDLE mode expects HARQ feedback from eNB at least with explicit ACK or UL grant for retransmission after transmission in PUR. There are two possible options for search space UE monitors for NPDCCH with scheduling grant/HARQ feedback: USS (UE-specific Search Space) and Type-2 CSS (Common Search Space for random access related monitoring).
In the USS option, the UE may keep the C-RNTI obtained in the CONNECTED mode and use it for monitoring USS in the IDLE mode. Generally, the configuration of USS for monitoring in IDLE mode may differ from the USS configuration used in CONNECTED mode, and the former can be provided as part of PUR configuration. While in CONNECTED mode, the UE monitors the regular USS for any response to transmission in PUR.
In Type-2 CSS option, the UE may derive RNTI for monitoring similar as for RA-RNTI, i.e., based on time-frequency location of the PUR used for transmission. Additionally, a cyclic shift of orthogonal DMRS can be used for RNTI derivation. This can support UL MIMO operation in CFS PUR. Alternatively for both options, the eNB may use RNTI provided as part of PUR configuration to address HARQ feedback.
Proposal 3:
· For search space which IDLE mode UE monitors after transmission in PUR, down select between the following options:
· USS
· UE keeps C-RNTI obtained in CONNECTED mode.
· Type-2 CSS
· UE derives RNTI based on time-frequency location of the PUR and cyclic shift of orthogonal DMRS.
· Alternatively in both options, consider introducing RNTI in a PUR configuration to address HARQ feedback.

The UE may continue to remain in RRC_IDLE mode if it does not detect a valid NPDCCH during a configured time interval after transmission of the NPUSCH in PUR. Beyond this interval, the HARQ process is considered unsuccessful, and UE can choose to retry UL transmission within the same PUR if it is still valid. Therefore, the explicit NACK signalling seems to be unnecessary.
Proposal 4:
· If the UE does not detect a valid NPDCCH for a configured time duration after PUR transmission, it may continue to remain in RRC_IDLE mode with further attempts for UL data retransmission within the same PUR.
· Explicit NACK signalling is not supported for PUR.

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:
· Considering the possible support of CBS PUR and the eNB receiver complexity, as well as possibility to support different traffic requirements/characteristics, the ability to configure multiple PURs in the cell can be beneficial.

Proposal 1:
· CFS PUR is supported.

Proposal 2:
· Support orthogonal DMRS for UL MIMO in scenarios with full PRB transmission.

Proposal 3:
· For search space which IDLE mode UE monitors after transmission in PUR, down select between the following options:
· USS
· UE keeps C-RNTI obtained in CONNECTED mode.
· Type-2 CSS
· UE derives RNTI based on time-frequency location of the PUR and cyclic shift of orthogonal DMRS.
· Alternatively in both options, consider introducing RNTI in a PUR configuration to address HARQ feedback.

Proposal 4:
· If the UE does not detect a valid NPDCCH for a configured time duration after PUR transmission, it may continue to remain in RRC_IDLE mode with further attempts for UL data retransmission within the same PUR.
· Explicit NACK signalling is not supported for PUR.
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