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1. Introduction
In RAN1 #94bis meeting, we had the following agreements on support for transmission in preconfigured UL resources for MTC[1].
Agreement 
· 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 RSRP changes (serving cell refers the cell that the UE is camping on)

· FFS Other attributes: 

· Neighbour cell RSRP 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.

· The resource configuration includes at least the following 

· Time domain resources including periodicity(s) 

· Frequency domain resources

· TBS(s)/MCS(s)

· 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 

· PUSCH resource is time-frequency resource

· Dedicated PUR is contention-free 

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

· PUSCH resource is at least time-frequency resource

· CFS PUR is contention-free 

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

· PUSCH 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 more than one HARQ processes are supported

· FFS: The design of the corresponding MPDCCH search space

· In idle mode, dedicated PUR is supported.

In this contribution, some issues about support for transmission in preconfigured UL resources for MTC are discussed.

2. Dedicated PUR
TA validation
In RAN1 #94bis meeting, some candidates are agreed for TA validation. In this section we give detailed analysis. 
· Serving cell changes (serving cell refers the cell that the UE is camping on)

In RRC_IDLE mode, UE will monitor camping cell status in tracing area. When camping cell changes, the PUR mechanism from the original cell becomes invalid. UE needs to re-initiate new PUR procedure in the new cell. 

Observation 1: The configured dedicated PUR resource will be invalid if the serving cell changes.
· Time alignment timer for idle mode

In legacy system, time alignment timer is the indispensable mechanism for TA validation. Timer based TA validation doesn’t need UE measurement and feedback, so there is no extra UE power consumption and resource overhead.

Observation 2: Time alignment timer based TA validation is recommended since no extra UE power consumption and resource overhead are needed. 
The most important factor affecting the change of TA is the distance between UE and eNB. For stationary UE, since there is no distance change, TA changes very slowly. This is the scenario that time alignment timer can be used. 

Observation 3: Time alignment timer based TA validation is more appropriate for stationary UE.
· Serving cell RSRP changes  

The main factor affecting the change of TA is the distance between UE and eNB, while for RSRP which reflects received power level, there are multiple factors that can affect the received RSRP, and TA is only one of them. In addition, the relations between RSRP and the TA is not linear. It is very difficult to use RSRP for TA validation, as in reality the RSRP threshold setting is tricky. If TA is within the CP range, TA is still valid even though RSRP has been changed. When TA is outside the CP range, the RSRP change may trigger CE level change which could make the PUR resource configuration invalid.

Observation 4: Implementation of TA validation based on serving cell RSRP changes needs further study. 

· Neighbour cell RSRP change 

Besides the implementation problem discussed above, TA validation based on neighbour cell RSRP change requires multiple RSRP measurement, which would significantly increase UE power consumption.
Observation 5: Neighbour cell RSRP changes is not recommended for TA validation mechanism. 
· TDOA of >=2 eNBs

Positioning based method requires considerable PRS resources, which will reduce DL spectral efficiency. The measurement itself will also increase UE power consumption.
Observation 6: Positioning based TA validation method requires considerable DL resources and increase UE power consumption.
· TA History 

In RAN1 #94bis meeting, it has been agreed that for transmission in preconfigured UL resources, an UE in RRC_IDLE may use the latest TA that passed the validation criteria. This can be viewed as one of the TA history based TA validation.

· Subscription based UE differentiation 

Subscription based UE differentiation can be used to acquire information such as if the UE is stationary or not. For stationary UE, the TA is mainly affected by local oscillator drifting, however the change is very slow and can be quantified using a timer. 

Observation 7: Timer based TA validation can be used for stationary UE indicated by UE differentiation. 
Proposal 1: For stationary UE, at least the time alignment timer should be used for TA validation.

Proposal 2: For Non-stationary UE, FFS the TA validation.

Once the UE finds TA is invalid, there are several alternatives:
· Alt 1: UE initiate non-contention based random access procedure, eNB sends UE TA update information via RAR. The CFRA resources need to be configured during dedicated PUR setup period.
· Alt 2: eNB initiates non-contention based random access procedure via PDCCH order, the TA update information is sends via RAR. In legacy system, PDCCH order is only supported in RRC_CONNECTED mode. In Rel-16, this mechanism needs to be supported also in RRC_IDLE mode.
· Alt 3: TA estimation information can be sent via dedicated PUR resources, for example, TA update information can be sent via MPDCCH or PDSCH resources for PUR.
Proposal 3: At least the following one or more alternatives schemes can be used for TA update when TA is invalid.
· Alt 1: UE triggered non-contention based random access procedure;

· Alt 2: PDCCH order triggered non-contention based random access procedure;

· Alt 3: Information used for TA estimation is transmitted on the dedicated PUR configured for the UE.

Proposal 4: If TA update procedure is supported and enabled by eNB, TA update procedure is triggered when TA is invalid. Otherwise, fallback to RACH/EDT is triggered when TA is invalid.
Fallback
RAN1 #94bis meeting, fallback mechanism to RACH/EDT procedures is agreed. In this section, some detailed fallback schemes are discussed.

· Scheme 1: eNB triggered fallback

· Option 1: Fallback is indicated in the UE-specific search space resources for PUR. For example, fallback indicator can be sent via DCI. When eNB finds UE’s condition is no longer applicable for PUR, it can indicates the UE to fallback.

· Option 2: The eNB can trigger non-contention based random access via PDCCH order. Upon receiving such PDCCH order, the UE will fall back to RACH/EDT. PDCCH order can be sent in the USS for dedicated PUR.

· Option 3: Fallback after multiple PUR transmission failure. The PUR configuration include maximum failure transmission counter N. The UE will fall back to RACH/EDT once the counter is reached.

· Scheme 2: UE triggered fallback

· Option 4: When UE’s UL TBS exceeds the max TBS configured for dedicated PUR, UE needs to fallback to RACH/EDT.

Proposal 5: For PUR, both eNB triggered fallback and UE triggered fallback are supported. For eNB triggered fallback, FFS the following options:

· Option 1: Fallback is indicated via DCI dedicated for PUR

· Option 2: Fallback is indicated by PDCCH order triggered contention based random access

· Option 3: Fallback is triggered if the number of transmission failure reaches the maximum value
HARQ
For dedicated PUR in RRC_IDLE mode, the intended traffic type will have relative long period. Otherwise, the traffic is more appropriate for RRC_CONNECTED mode. Therefore, such period should be enough for multiple retransmissions configured for PUR.

Proposal 6: Only one HARQ process is supported for dedicated PUR in RRC_IDLE.
For HARQ-ACK feedback, ACK can be explicitly indicated in the DCI so UE will not confuse ACK with DTX. NACK can be indicated via UL grant for HARQ retransmission. UL grant for HARQ retransmission is transmitted in USS configured for dedicated PUR. Padding is preferred when no traffic for configured PUR.
Proposal 7: ACK is indicated explicitly in the DCI, NACK is implicitly indicated via UL grant for HARQ retransmission.

Proposal 8: For dedicated PUR in RRC_IDLE mode, UL grant for HARQ retransmission is transmitted in USS configured for dedicated PUR.

Proposal 9: Padding is preferred when no traffic for configured dedicated PUR.

UE-specific search space configuration for dedicated PUR

Based on the discussion in section 2.3, for dedicated PUR, it is necessary to configure UE-specific search space. This USS can be used to carry HARQ-ACK and other indicator related to PUR transmission:

· Case 1: When eNB needs to trigger UE to send non-contention based random access preamble for TA adjustment, the USS can be used for PDCCH order

· Case 2: eNB triggers fallback to RACH/EDT

· Case 3: eNB triggers PUR release

· Case 4: DL grant to support DL transmission during PUR
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Figure 1: USS resource allocation for dedicated PUR

An example of USS resource allocation for dedicated PUR is shown in Figure 1, wherein, the resource allocation period of dedicated PUR is T ms, one USS corresponds to one dedicated PUR resource. The gap between the start of USS and the end of dedicated PUR resource can be configured by eNB. One USS duration configured by eNB can include multiple candidates for MPDCCH.

Proposal 10: UE-specific search space can be configured for dedicated PUR. 
3. Shared PUR
· CFS PUR

Schemes like MU-MIMO could be used for CFS PUR, however, the performance of MU-MIMO heavily depends on the knowledge of channel information. In RRC_IDLE mode, channel information is inadequate, unless extra feedback procedure is specified. If the channel of the UEs scheduled for MU-MIMO is not orthogonal, strong interference will be introduced. 

For CDM based CFS PUR, further study is needed considering the limited number of orthogonal codes. Also the potential specification effort cannot be ignored.

· CBS PUR

For UL transmission in preconfigured shared resources, considering the fact that the resources will be used by multiple UEs, it is most suited for aperiodic services. Collision of resources is unavoidable. To maintain low UE collision probability, more resources need to be dimensioned. When collision happens, contention resolution is needed to resolve the collision. The contention resolution may need extra system resources. The design of contention resolution itself is also increasing specification complexity. The performance of contention resolution will reduce the overall UE transmission efficiency to a large extent.

EDT is introduced in Rel-15 for uplink data transmission in RRC_IDLE mode, considering the use case of UL transmission in preconfigured shared resources is also for aperiodic traffic type, the targeted use cases for these two mechanisms are similar. It is natural to compare the two before introducing UL transmission in preconfigured shared resources.

The rationale for UL transmission in preconfigured shared is because the resource is reserved, no need for additional DCI to resources configuration, therefore some overhead can be saved. However, to make this happen the assumption is that UE’s TA is always valid. If the UE needs to constantly maintain valid TA even when there is no traffic, then the efficiency of the UL transmission in preconfigured shared resource cannot compete with EDT transmission. What’s more, if valid TA cannot be guaranteed, the UL transmission may interfere with each other and impact the orthogonality of the shared resources.

Observation 8: For the same UE collision probability, EDT requires less system resources than UL transmission in preconfigured shared resource.
Proposal 11: Further study is needed to evaluate the benefit of CBS/CFS scheme on top of dedicated schemes and other existing legacy scheme such as RACH/EDT.
4. Conclusions

In this contribution, we have the following observations and proposals.

Observation 1: The configured dedicated PUR resource will be invalid if the serving cell changes.
Observation 2: Time alignment timer based TA validation is recommended since no extra UE power consumption and resource overhead are needed. 
Observation 3: Time alignment timer based TA validation is more appropriate for stationary UE.
Observation 4: Implementation of TA validation based on serving cell RSRP changes needs further study. 

Observation 5: Neighbour cell RSRP changes is not recommended for TA validation mechanism. 
Observation 6: Positioning based TA validation method requires considerable DL resources and increase UE power consumption.
Observation 7: Timer based TA validation can be used for stationary UE indicated by UE differentiation. 

Observation 8: For the same UE collision probability, EDT requires less system resources than UL transmission in preconfigured shared resource.
Proposal 1: For stationary UE, at least the time alignment timer should be used for TA validation.

Proposal 2: For Non-stationary UE, FFS the TA validation.

Proposal 3: At least the following one or more alternatives schemes can be used for TA update when TA is invalid.

· Alt 1: UE triggered non-contention based random access procedure;

· Alt 2: PDCCH order triggered non-contention based random access procedure;

· Alt 3: Information used for TA estimation is transmitted on the dedicated PUR configured for the UE.

Proposal 4: If TA update procedure is supported and enabled by eNB, TA update procedure is triggered when TA is invalid. Otherwise, fallback to RACH/EDT is triggered when TA is invalid.

Proposal 5: For PUR, both eNB triggered fallback and UE triggered fallback are supported. For eNB triggered fallback, FFS the following options:

· Option 1: Fallback is indicated via DCI dedicated for PUR

· Option 2: Fallback is indicated by PDCCH order triggered contention based random access

· Option 3: Fallback is triggered if the number of transmission failure reaches the maximum value
Proposal 6: Only one HARQ process is supported for dedicated PUR in RRC_IDLE.

Proposal 7: ACK is indicated explicitly in the DCI, NACK is implicitly indicated via UL grant for HARQ retransmission.

Proposal 8: For dedicated PUR in RRC_IDLE mode, UL grant for HARQ retransmission is transmitted in USS configured for dedicated PUR.

Proposal 9: Padding is preferred when no traffic for configured dedicated PUR.

Proposal 10: UE-specific search space can be configured for dedicated PUR. 

Proposal 11: Further study is needed to evaluate the benefit of CBS/CFS scheme on top of dedicated schemes and other existing legacy schemes such as RACH/EDT.
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