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1. Introduction

At the RAN1 #96bis meeting, UL transmission procedure for dedicated PUR was discussed and RAN1 made the following agreements [1].
	Agreement
In idle mode, a UE can be configured such that TA is always valid within a given cell.
· Up to RAN2 how to implement 

· e.g. PUR Time Alignment Timer or NRSRP Threshold = infinity 

Agreement 

The value(s) of NRSRP threshold(s) is UE specific
Agreement
The UE monitors the NPDCCH for at least a time period after a PUR transmission.

· FFS: Details of the time period

· FFS: UE behaviour if nothing is received in that time period. 

· FFS: If and how often UE monitors NPDCCH after a PUR allocation in which it has not transmitted

Agreement

Reuse existing field(s) of DCI format N0 to convey the dedicated PUR ACK

Agreement

After data transmission on PUR, upon unsuccessful decoding by eNB, the UE can expect an UL grant for retransmission on NPDCCH. Other behaviors are FFS.
Working Assumption#1

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

The working assumption will be automatically confirmed if for some cases L2/L3 signaling is not needed. If RAN2 decides that L2/L3 signaling is needed for all cases, the working assumption will be reverted.

Working Assumption#2

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

Send an LS to RAN2 to include two above working assumptions. Ask whether the first bullet in working assumption #2 is feasible. If it is concluded that working assumption #2 feasible, the working assumption #2 will be automatically confirmed. (LS is endorsed in eMTC agenda item)

Agreement 

For dedicated PUR in idle mode, the PUR configuration is configured by UE-specific RRC signaling.


In this contribution, we provide our views on the support of PUR in NB-IoT.

2. Discussion 

2.1. Support of CFS/CBS PUR
At the RAN1 #94bis meeting, the following types of PUR resource configurations were summarized and only dedicated PUR was agreed to be supported at the meeting since RAN1 needs to investigate more details of procedure and possible benefits for shared PUR (CFS PUR and CBS PUR).
· Dedicated preconfigured UL resources (Dedicated PUR)

· Defined as an PUSCH resource used by a single UE 

· Contention-free shared preconfigured resources (CFS PUR)

· Defined as an PUSCH resource simultaneously used by more than one UE
· Some signals/channels (e.g. DMRS) would be dedicated for specific UE
· Contention-based shared preconfigured UL resources (CBS PUR)

· Defined as an PUSCH resource simultaneously used by more than one UE
· CBS PUR is contention-based
Dedicated PUR can be considered as the solution optimized for non-bursty traffic, e.g., periodic measurement report from sensor devices. On the other hand, if we consider further enhancement of LTE-IoT, some enhancements optimized for IoT services with non-periodic traffic and/or very low traffic load should be considered. In this case, CFS/CBS PUR is more suitable than dedicated PUR and it is clear that the benefits from CFS/CBS PUR highly depend on the detailed procedure. From our understanding, once the PUR signature (e.g. unique identity based on orthogonal DMRS sequence) is defined for CFS/CBS PUR, UE can perform its UL transmission by using one PUR signature, which is preconfigured from PUR signature pool in case of CFS PUR. In the similar manner with CFS PUR, in CBS PUR, UE can select randomly one of PUR signatures and performs its UL transmission by using selected PUR signature. Considering the case that the selected PUR signature is collided with other UE, contention resolution mechanism, e.g. by re-selecting PUR signature randomly needs to be considered for CBS PUR. Based on the discussion above, we consider that PUR signature should be discussed first.  
Proposal 1: For further discussion on whether or not to support CFS/CBS PUR, PUR signature (e.g. T/F resources, CDM based, or DMRS sequence based) should be discussed first.

2.2. Discussion on dedicated PUR
2.2.1. UL transmission procedure
At RAN1#96 meeting, explicit ACK was agreed to be supported for dedicated PUR. However, RAN1 has not reached consensus on the support of explicit NACK. Even if the explicit NACK is not supported, UE can determine whether to try PUR retransmission by waiting ACK until its HARQ timeout. In the sense, explicit NACK may not be necessary. On other hand, if eNB fails blind decoding of a UL transmission in dedicated PUR and UE does not detect any valid NPDCCH, UE always need to wait for ACK/NACK reception until HARQ RTT timer is expired. Therefore, one possible benefit to support explicit NACK is to reduce unnecessary UE wake-up time. As another possible benefit, if eNB fails the decoding of PUL transmission, e.g. due to non-optimal TA, explicit NACK may help to trigger the fallback procedure to RACH/EDT. In addition, even in the case that there is not enough UL resource for retransmission upon unsuccessful decoding of PUR transmission, explicit NACK may also be beneficial.

Based on the discussion above, generally, we slightly prefer to support explicit NACK feedback. 
Proposal 2: For dedicated PUR in idle mode, the PUR NACK is at least sent on NPDCCH 

· FFS: details of signalling (e.g.  higher layer PUR NACK)

2.2.2. PUR release
At RAN2 #104 meeting, RAN2 made agreements that release of the dedicated preconfigured resources is supported. However, it is not clear how to trigger PUR release for dedicated PUR. 
eNB triggered PUR release

· In LTE uplink SPS, eNB can trigger SPS activate/release. In the similar manner with UL SPS, eNB triggered PUR release can also be considered. If there is no PUR transmission in long time duration, eNB may decide to release PUR for the certain UE. The details of signalling, e.g. explicit PUR release based on NPDCCH carried in PUR search space, needs to be further studied. 

UE triggered PUR release

· In the similar way with eNB triggered PUR release, we can consider UE triggered release command as in UL SPS. If UE runs out UL data to send and decides not to use configure PUR, it is beneficial to support UE triggered PUR release, e.g. by transmitting the certain number of MAC PDUs containing only ‘0’ consecutively.
Based on the discussion above, we prefer to support PUR release command triggered by both eNB and UE. 
Proposal 3: Both eNB triggered and UE triggered PUR release command should be supported

· FFS: The details of signaling
2.2.3. Skipping UL transmission for dedicated PUR
At the RAN1#95 meeting, RAN1 agreed that UE may skip its UL transmission in dedicated PUR and the support of NW configuration on this feature is still FFS. 
In general, the benefits from optional UL transmission highly depend on traffic characteristics. If bursty or aperiodic traffic model is assumed, it is clear that skipping UL transmission allows further power saving for dedicated PUR. However, if periodic traffic model is assumed, the optional UL transmission may not be needed since UE always transmits UL data every PUR occasion. In the case of periodic traffic model, if NW can configure to disable skipping PUR transmission, such notification of mandatory UL transmission may help to reply NACK feedback since eNB does not need to detect the presence of PUL transmission in the case. Therefore, from operator perspective, we support NW configuration of optional UL transmission, which provides operation flexibility.
Proposal 4: NW configuration to enable/disable skipping of UL transmission for dedicated PUR should be supported

2.2.4. PUR search space (PUR SS) configuration
As described in Section 1, RAN1 made the working assumption that PUR search space in which DCI is scrambled with UE specific RNTI for dedicated PUR. RAN1 also agreed that such configuration of PUR SS is included in PUR configuration. However, the detailed contents of PUR SS configuration are not clear yet. We show the example allocation of PUR SS in Figure 1. Considering that periodic PUR transmission is supported at the RAN2#104 meeting, it is natural that PUR SS is also allocated periodically. In PUR study, various usage scenarios can be considered and possible UL traffic load is different in different scenarios. In the sense, we consider that the time density of PUR SS within a PUR period should be configurable and needs to study further how to configure such PUR SS time density (e.g. PUR SS period, or the number of PUR SS within a PUR period). Based on the agreements that UE monitors the PUR SS (at least) for a period after a PUR transmission, time offset of PUR SS starting position should be also considered. In addition, RNTI to monitor PUR SS needs to be included in PUR SS configuration. However, as described in Section 1, RAN1 made working assumption that how to signal/derive RNTI for PUR SS is up to RAN2. Therefore, regarding the aspects of RNTI, it is better to wait RAN2 progress.
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Figure 1: Example of PUR SS allocation
Proposal 5: PUR search space (SS) configuration should be studied further taking into account following parameters

· Time density of PUR SS (e.g. PUR SS period, or the number of PUR SS within a PUR period)

· Time offset of PUR SS starting position

3. Conclusion 

In this contribution, we provide our views on the support of transmission in PUR. Based on the discussion, following proposals are made.

Proposal 1: For further discussion on whether or not to support CFS/CBS PUR, PUR signature (e.g. T/F resources, CDM based, or DMRS sequence based) should be discussed first.

Proposal 2: For dedicated PUR in idle mode, the PUR NACK is at least sent on NPDCCH 

· FFS: details of signalling (e.g.  higher layer PUR NACK)

Proposal 3: Both eNB triggered and UE triggered PUR release command should be supported

· FFS: The details of signalling
Proposal 4: NW configuration to enable/disable skipping of UL transmission for dedicated PUR should be supported

Proposal 5: PUR search space (SS) configuration should be studied further taking into account following parameters

· Time density of PUR SS (e.g. PUR SS period, or the number of PUR SS within a PUR period)

· Time offset of PUR SS starting position
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