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1. Introduction

In the RAN #80 meeting, Rel-16 MTC enhancements for LTE was approved as a work item. According to [1], improved UL transmission efficiency and/or UE power consumption should be considered in Rel-16 MTC enhancements for LTE as follows
Improved UL transmission efficiency and/or UE power consumption:

· 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 the RAN1 #94bis meeting, following agreements on preconfigured UL resources were made [2]:
	Agreements
· In idle mode, the UE will at least consider one or more of the following attributes when validating TA (combination of multiple attributes is allowed):

· Serving cell changes (serving cell refers the cell that the UE is camping on)

· Time Alignment Timer for idle mode

· Serving cell NRSRP changes (serving cell refers the cell that the UE is camping on)

· FFS Other attributes: 

· Neighbour cell NRSRP change

· TDOA of >=2 eNBs 

· TA History

· Subscription based UE differentiation

· Others not precluded (for example, attributes that need to be considered for high mobility UEs)

*Note that UE power consumption should be taken into account for the FFS attributes

· For transmission in preconfigured UL resources, an RRC idle UE may use the latest TA that passed the validation criteria

· Pre-configured UL resources for transmission of data are indicated by RRC signaling. At least UE-specific RRC signaling is supported.

· For UL transmission in preconfigured resource, fallback mechanism to RACH/EDT procedures is supported.

· Dedicated preconfigured UL resource is defined as an NPUSCH resource used by a single UE 

· NPUSCH resource is time-frequency resource

· Dedicated PUR is contention-free 

· Contention-free shared preconfigured UL resource (CFS PUR) is defined as an NPUSCH resource simultaneously used by more than one UE

· NPUSCH resource is at least time-frequency resource

· CFS PUR is contention-free 

· Contention-based shared preconfigured UL resource (CBS PUR) is defined as an NPUSCH resource simultaneously used by more than one UE

· NPUSCH resource is at least time-frequency resource

· CBS PUR is contention-based (CBS PUR may require contention resolution)

· In IDLE mode, HARQ is supported for transmission in dedicated PUR

· A single HARQ process is supported, 

· FFS whether two HARQ processes are supported

· FFS: The design of the corresponding NPDCCH search space

· In idle mode, dedicated PUR is supported.

· Support for CFS PUR is FFS.

· Support for CBS PUR is FFS.


In this contribution, we discuss the consideration points for preconfigured UL resources in idle mode in Rel-16 MTC enhancement for LTE. 
2. Discussion

2.1. Preconfigured UL resources in idle mode
In the RAN1 #94bis meeting, three types of preconfigured UL resource were defined; dedicated preconfigured UL resource (Dedicated PUR), contention free shared preconfigured UL resource (CFS PUR), and contention based shared preconfigured UL resources (CBS PUR). According to the agreement in last meeting [2], in idle mode, dedicated PUR was supported, and both CFS PUR and CBS PUR were FFS. 

The practical benefits of introducing CFS PUR in idle mode are still unclear compared to the standard efforts and UE complexity in order to support the CFS PUR. Also, regarding CBS PUR, it may need a lot of efforts for introducing a new collision resolution algorithm, and it may incur additional specification/ eNB/UE complexity. So, it is skeptical that the benefits of introducing CBS PUR in idle mode can be probed compared to using existing EDT procedure.

Therefore, in this contribution, the PUR, unless mentioned otherwise, is considered to be the dedicated PUR.

2.1.1. (re-)Configuration/release of preconfigured UL resources
In RAN1 #94bis meeting, it was agreed that configuration of PUR by at least UE-specific RRC signalling is supported. On the other hands, (re-)configuration/release of PUR in idle mode may be beneficial to avoid latency and overhead of UE performing RRC connection procedure. Before we discuss specific approaches in detail, we define the following terms for the sake of discussion, which were already supported in connected mode SPS transmission in Rel. 8 LTE.
- (Initial) Configuration: This is the first step that eNB configures a PUR for a UE initially. In this step, all the necessary parameters of PUR should be configured initially to UE.

- Re-configuration: This is the step for updating/changing the PUR parameters for whatever reason after the initial configuration.

- Release: This is the step for releasing the PUR configuration given to a UE so that the UE should not continue PUR transmission any more.

- Activation: This step (if exists) where the eNB confirms that the UE can transmit UL data to the configured PUR, after initial configuration or re-configuration of PUR.

- Deactivation: This step (if exists) where the eNB indicates that the UE cannot transmit UL data to the configured PUR, until activated again.

Following approaches may be useful to consider for the overall procedure of (re-)configuration/release of PUR transmission.
(1) Re-configuration/release of PUR triggered by eNB in idle mode
In idle mode, eNB may trigger re-configuration/release of PUR configured to a UE. To be specific, eNB can use specific search space (e.g., Type1-NPDCCH CSS) in order to re-configuration/release of PUR to UE. 

(2) (re-)configuration/release of PUR requested by UE in idle mode

In idle mode, UE triggered (re-)configuration/release of PUR can be considered. UE can request based on RACH/EDT procedure in order to request (re-)configuration/release of PUR. 
(3) UE-autonomous release of PUR based on a TA validity criterion
In idle mode, UE-autonomous release of PUR based on a TA validity criterion can be considered. For example, if serving cell of idle mode UE is changed, which can be one of the TA validity criteria, the UE no longer be able to use the configured PUR. So, UE-autonomous release of PUR could be considered.

 (4) Activation/deactivation of PUR by eNB
In idle mode, eNB may activate/deactivate a UE’s transmission on the PUR configured to the UE. For example, assume that the eNB allocates the PURs for many UEs. In this case, if the eNB determines that UL resources for the connected mode UEs are not sufficient for some reason, the eNB will be able to set the UEs not to transmit UL data on the configured PUR by using deactivation of PUR. After that, if the eNB determines that the UL resource are sufficient again, the eNB will be able to set the UEs to transmit UL data on the configured PUR by using activation of PUR. This approaches can improve the flexibility of resource management of eNB side.

Proposal 1: In addition to the configuration/release of PUR for idle mode during RRC_connected state, additional mechanism for (re-)configuration/release/activation/deactivation of PUR for idle mode during RRC_idle state should be discussed.
2.1.2. Validity of timing advance
2.1.2.1 TA validity confirmation criteria
According to the agreement in last meeting [2], many criteria were discussed for UE’s TA validity confirmation in idle mode. For the cases where the UE determines that the UE cannot satisfy the TA validity confirmation criteria, it is necessary to discuss what subsequent procedures are. Regarding this point, following two options could be considered. 

Option 1) UE assumes that configured PUR is no longer valid.

If the UE determines that the TA validity criteria is not satisfied currently, UE may assume that configured PUR is no longer valid. To be more specific, if the serving cell of idle mode UE is changed, or if the RSRP level of serving cell of idle mode UE falls below the specific threshold, it may be desirable that the UE assumes that configured PUR is no longer valid.

Option 2) UE initiated TA update

On the other hands, if the UE determines that the TA validity criteria is not satisfied currently, UE may request for a TA update procedure. For example, in case of the TA timer for idle mode is expired, it is desirable to update the UE’s TA by some interaction with eNB in order to transmit UL data on configured PUR.
Proposal 2: The subsequent procedures when the TA validity criterion is not satisfied should be discussed depending on the different criteria of TA validity confirmation.
2.1.2.2 TA update
In order to maintain transmission in PUR, a TA update procedure in idle mode may be necessary. The following approaches can be considered for TA update.

(1) TA update on HARQ feedback channel

When the HARQ feedback for PUR transmission is conducted using feedback channel, eNB can update the TA by using feedback channel after PUR transmission of UE. To be specific, using the UL transmission of UE on configured PUR, the eNB can determine the appropriate TA of the UE, and eNB can update the TA to the UE by using feedback channel.

(2) TA update request by eNB’s needs, or (3) TA update request by UE’s needs

Moreover, it is desirable to consider that the TA update can be requested by eNB’s needs or UE’s needs. For example, if eNB can determine the UE’s TA is not valid for some reason, eNB can request to UE to transmit some signal/channel (e.g., based on RACH/EDT procedure) in order to update UE’s TA. Or, if UE can determine its TA is not valid for some reason, the UE can request by transmission of some signal/channel (e.g., based on RACH/EDT procedure) to eNB to update its TA.
However, if the UE uses the legacy RACH procedure without any change, the UE’s RRC state has to be changed from idle mode to connected mode. Therefore, it can be considered that modified RACH procedures focused on TA update. For example, the modified RACH procedure, which may not force to change the RRC state, can keep the UE’s RRC state in idle mode, and also it can update the exact TA of UE. Moreover, the modified RACH procedure, which only uses MSG1 and MSG2, can update the exact TA of UE, and also it can improve the battery life of UE.

Proposal 3: The following cases should be discussed for TA update:

· TA update on HARQ feedback channel
· TA update request by eNB’s needs
· TA update request by UE’s needs

Proposal 4: Modified RACH procedures for TA update should be discussed.
It should be noted that ‘TA update’ here may not only mean ‘timing advance’ as it words. On the other hand, ‘TA update’ may mean update of any parameters or UE behaviors which are required for PUR operation, such as timing advance, UL transmission power, MCS, etc. For example, UE may start with a PUR transmit power based on the latest NPUSCH transmit power it applied during the connected mode but the transmit power may be updated by TA update procedure.

2.1.3. Support of skipping transmission in preconfigured UL resource
In legacy LTE/eMTC, skipping UL transmission is supported in connected mode SPS operation. It is possible to allow to UE not to transmit UL data on the UL SPS resources by using skipUplinkTxSPS parameter, when the UE does not have the UL data to transmit. Similar as above, it is desirable to consider that skipping UL transmission on dedicated PUR is supported in idle mode since skipping can be beneficial to the UE’s battery life. Therefore, skipping UL transmission on dedicated PUR in idle mode should be supported, and if it is supported, skipping UL transmission could be enabled or disabled by eNB configuration.
Proposal 5: Skipping UL transmission on dedicated PUR in idle mode is enabled or disabled by eNB configuration.

2.1.4. MCS/TBS for preconfigured UL resources
It can be considered as a baseline behavior that eNB should configure a single MCS/TBS for a UE’s dedicated preconfigured UL resource in idle mode. This approach has advantage on both eNB complexity and simple specifications. 

Proposal 6: It is considered as a baseline that eNB configures a single MCS/TBS for a UE’s dedicated preconfigured UL resource for idle mode. 
2.1.5. HARQ retransmission
2.1.5.1 Discussion points for HARQ retransmission
According to the agreement in last meeting [2], a HARQ retransmission is supported for transmission in dedicated PUR. For dedicated PUR, following points could be discussed in order to support HARQ retransmission in idle mode.

(1) Necessity of explicit ACK transmission

It is necessary to discuss whether the explicit ACK transmission is needed for dedicated PUR transmission. If the explicit ACK is transmitted for dedicated PUR transmission, the UE can quickly go to sleep after receiving the explicit ACK configured dedicated PUR. However, if a lot of idle mode UEs have good channel conditions, and if they can transmits on each dedicated PUR, eNB may have to transmit a lot of explicit ACKs for dedicated PUR transmissions, and it could increase the DL resource overhead.

(2) How to set the retransmission resources

Firstly, it can be considered that the eNB can configure the retransmission resources along with the configuration of dedicated PUR. Since the retransmission resource is determined semi-statically, and the HARQ feedback should be transmitted before the retransmission resource, there can be restrictions on the timing flexibility on eNB side. In addition, since the retransmission resource is predetermined, non-adaptive retransmission, that is, fixed timing relationship between initial PUR transmission and PUR retransmission and, dynamic retransmission grant cannot be allowed, can be a baseline behavior.
As another option, it can be considered that retransmission of previous PUR transmission could be transmitted in next dedicated PUR occasion. This approach may be inefficient since a PUR retransmission removes chance of PUR transmission of another data. Moreover, since the period of dedicated PUR determines the transmitted timing for retransmission, HARQ retransmission procedure may experience very large delay.
Finally, it can be considered that the retransmission resource/timing is configured by UL grant in HARQ feedback channel. This approach can provide eNB flexibility in UL resource utilization since resource for retransmission can be dynamically controlled by eNB. However, it can increase the signaling overhead on eNB side.

(3) Whether a HARQ feedback channel can carry the feedback for single UE only, or can carry the feedbacks multiplexed for multiple UEs.
If amount of the information related to HARQ feedback for a single UE is small (e.g., 1 bit ACK/NACK), it may be beneficial to multiplex HARQ feedback for multiple UEs in a single feedback channel for better utilization of DL resource.
 (4) How to differentiate the idle mode target UE in HARQ feedback

As mentioned above, depending on whether a HARQ feedback channel contains feedback for a single UE or group of UEs, it can be also considered using either UE specific ID or group ID. Moreover, when the subframes for HARQ feedback channel for dedicated PUR could be overlapped by the subframes for certain search space allocated for connected mode UE, it should be discussed how to determine between the target UE ID in idle mode and the UE ID in connected mode. Also, it is necessary to discuss how many UE IDs are required for dedicated PUR when the UE specific ID is supported for dedicated PUR in idle mode.

Proposal 7: The following consideration points should be discussed for HARQ retransmission:

· Necessity of explicit ACK transmission
· How to set the retransmission resources
· Whether a HARQ feedback channel can carry the feedback for single UE only, or can carry the feedbacks multiplexed for multiple UEs.
· How to differentiate the idle mode target UE in HARQ feedback
2.1.5.2 HARQ process ID for dedicated PUR
According to the agreement in last meeting [2], single HARQ process is supported for transmission in dedicated PUR and more than two HARQ processes for dedicated PUR is FFS. Basic reason for increasing the HARQ process number is to improve the throughput. However, since power saving and resource saving are the fundamental reasons for introducing the dedicated PUR in the idle mode, it is not desirable to introduce more than one HARQ process for dedicated PUR in idle mode.

2.2. Preconfigured UL resources in connected mode
In Rel-13 MTC, SPS operation is introduced only for UE in CE mode A. So, if preconfigured UL resource is to be supported in connected mode, similar mechanism may be considered as a baseline to the transmission in preconfigured UL resources for unicast in CE mode B. However, benefits of introducing UL only SPS operation for CE mode B in connected mode is unclear since the use case is not clear.
Observation 1: Benefits of introducing UL only SPS operation in connected mode is unclear.

3. Conclusion
In this contribution, we discussed the several consideration points for preconfigured UL resources in idle mode and/or connected mode in Rel-16 MTC enhancements for LTE. The observations and proposals are summarized as follows.
Proposal 1: In addition to the configuration/release of PUR for idle mode during RRC_connected state, additional mechanism for (re-)configuration/release/activation/deactivation of PUR for idle mode during RRC_idle state should be discussed. 
Proposal 2: The subsequent procedures when the TA validity criterion is not satisfied should be discussed depending on the different criteria of TA validity confirmation.

Proposal 3: The following cases should be discussed for TA update:

· TA update on HARQ feedback channel
· TA update request by eNB’s needs
· TA update request by UE’s needs

Proposal 4: Modified RACH procedures for TA update should be discussed.

Proposal 5: Skipping UL transmission on dedicated PUR in idle mode is enabled or disabled by eNB configuration.

Proposal 6: It is considered as a baseline that eNB configures a single MCS/TBS for a UE’s dedicated preconfigured UL resource for idle mode.
Proposal 7: The following consideration points should be discussed for HARQ retransmission:

· Necessity of explicit ACK transmission
· How to set the retransmission resources
· Whether a HARQ feedback channel can carry the feedback for single UE only, or can carry the feedbacks multiplexed for multiple UEs.
· How to differentiate the idle mode target UE in HARQ feedback
Observation 1: Benefits of introducing UL only SPS operation in connected mode is unclear.
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