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1. Introduction 

In RAN1#94 we agreed the following:
Agreement

Idle mode based pre-configured UL resources is supported for UEs in possession of a valid TA

· FFS: Validation mechanism for TA

· FFS: How the pre-configured UL resources is acquired

Agreement

For transmission in preconfigured UL resources, the UE may use the latest TA of which its validity can be confirmed

Agreement 

Study both shared and dedicated resource for preconfigured UL resources. If both shared and dedicated resources are supported, strive for commonality in design of both resource types.

Agreement

HARQ procedures for transmission in preconfigured UL resources should be studied and the following aspects should be considered: 

· Whether to support HARQ;

· If supported, details of HARQ design including the number of HARQ processes;

· Whether ACK/NACK is necessary

Fallback mechanisms should be considered, e.g. fallback to legacy RACH/EDT procedures.

This contribution discusses some considerations in using Preconfigured UL Resources (PUR) in idle mode specifically on ensuring a valid TA and HARQ operations for shared PUR.  We also discuss some considerations of providing downlink resources for an application layer feedback in response to an uplink transmission using PUR or UL EDT via Msg3.
2. Discussions
2.1 Ensuring Valid TA for transmission in PUR
Timing Advance (TA) are used for PUSCH and PUCCH in order to maintain orthogonality among different UEs’ uplink transmissions.  A UE in idle mode is typically assumed not to have a valid TA and therefore a TA command is signalled to the UE in the RAR during a RACH process for subsequent uplink transmissions.  In some deployment the TA does not change significantly such as for stationary UEs (e.g. utility meters) and if the cell size is small such that the differences in propagation delay between the UEs fall within the CP (normal or extended CP).  In these scenarios, it is possible that the TA signalled to the UE during its last RACH process is valid for PUR transmission.  For such cases, it will be beneficial to indicate to PUR capable UE that their TA is valid.  This indication can be UE specific (e.g. for stationary UE) or cell specific (e.g. in small cell size).

Proposal 1: Introduce an indicator to indicate whether the UE accessing the preconfigured resource needs to re-validate its TA.

For cases where the propagation delay changes very often due to mobility, the UE accessing PUR may not have a valid TA and needs to be validated.  The TA validation can be performed by the UE and/or the eNB.
If the TA validates is performed at the UE’s end, the UE would need to track changes in propagation delay which is difficult to perform without feedback from the eNB.  Hence the TA estimation would need to use indirect mechanism such as changes in RSRP or use a timer such that the TA command issued by the network is considered valid until the timer expires [1], [2].  Relying on the UE to validate its TA would require RAN4 requirements to ensure that TA is within acceptable tolerance.  If measurements such as RSRP is required then this may lead to higher power consumption at the UE.
Observation 1: Mechanism to (re)validate TA at the UE may require RAN4 test cases and lead to higher power consumption.
In idle mode the UE obtains its TA by performing a RACH process, where it transmits a preamble at the subframe boundary in the downlink.  The TA is signaled to the UE in the RAR.  If the aim is to obtain a valid TA, then this process can stop after the RAR is received.  The RAR also contains other information that is not required for the purpose of validating the TA (e.g. UL Grant).  Hence the RAR can be compacted into just containing the TA, i.e. a compact RAR containing only TA Validating Message and the reduced size of this RAR would make it more robust in terms of decoding or it can address more UEs per single message.  The TA is currently 11 bits long.  If the aim is to validate the TA then technically a single bit is sufficient to tell the UE whether the TA is valid or not valid.  A set of PRACH resources can be allocated for the purpose of validating TA where the preamble is transmitted with the UE’s latest TA, i.e. the PRACH is time advanced.  If this PRACH arrives at the eNB within the cyclic prefix then the TA is correct and hence validated otherwise it is not validated.  The eNB can then just transmit a 1 bit TA validation to the UE using that PRACH (i.e. RA-RNTI and RAPID to address the UE) [3].  If the TA is valid the UE can proceed to transmit on PUR otherwise it performs a full RACH process to obtain the TA.

Proposal 2: In validating the UE’s TA, the UE transmits a time advanced PRACH at a configured RACH resource using its current TA.  The eNB would response with a TA Validation message (e.g. compact RAR) addressing that PRACH preamble and indicate whether the TA is valid or not valid.

2.2 HARQ Operations

For dedicated PUR especially in connected mode, the eNB is aware which UE would use the PUR resources and hence it can address the UE e.g. with a configured RNTI, thereby enabling HARQ operation. However, in idle mode especially for shared PUR resources, the eNB may not know which UE transmitted the PUSCH since there is no mechanism to assign a UE ID, e.g. an RNTI, for the UE.  Without any feedback, the UE would not know if the PUSCH transmission over PUR is received at the eNB.  It would therefore be beneficial to provide some sort of feedback to the UE.
Observation 2: For shared PUR in idle mode, there is no mechanism to assign UE ID and hence difficult to provide HARQ feedback for a PUSCH PUR transmission.  The UE does not know whether a PUSCH transmission over PUR is received at the eNB.

In Rel-15, an explicit HARQ-ACK is specified where:

· For CE Mode A: DCI format 6-0A with the Resource Block Assignment field set to all 1’s and except for the DCI repetition field, all remaining fields are set to 0’s.

· For CE Mode B: DCI format 6-0B with MCS field set to all 1’s and except for the DCI repetition field, all remaining fields are set to 0’s.

We can reuse this explicit HARQ-ACK feedback for PUSCH PUR transmission, where the DCI can be transmitted in the MPDCCH CSS.  To address the UE transmitting the PUSCH PUR, the DCI can use an RNTI that is part of the PUSCH CRC.  If the eNB successfully decoded the PUSCH PUR it would automatically obtain the PUSCH’s CRC and it can truncate it to 16 bits, e.g. take the first 16 bits of the CRC, and use the truncated CRC as an RNTI for the DCI carrying the explicit HARQ-ACK.  Since the PUSCH CRC is known to both the UE and eNB, the RNTI derived from this CRC can be used by the UE in detecting for a DCI carrying the explicit HARQ-ACK feedback.

Proposal 3: An explicit HARQ-ACK feedback is used for PUSCH transmission over PUR.

Proposal 4: For shared PUR in idle mode, the DCI carrying the explicit HARQ-ACK feedback uses part of the PUSCH’s CRC as an RNTI to address the UE that has transmitted this PUSCH via PUR.
In [4], it is argued that the eNB is able to detect presence of DMRS and so it can provide a HARQ-NACK feedback if it fails to decode the PUSCH transmitted over PUR.  If this is feasible, then the HARQ-NACK can be in the form of an UL grant scheduling a retransmission as per legacy operation.  The RNTI used by the DCI for this HARQ-NACK or retransmission UL grant can be broadcast in the SIB.  

Proposal 5: If eNB can detect presence of PUSCH in PUR, it can feedback a HARQ-NACK in the form of an UL grant for retransmission when it fails to decode this PUSCH.  The RNTI used by the DCI carrying this retransmission UL grant can be broadcast in the SIB.

A timer, HACK timer, can be configured where this timer is started after the UE transmits the PUSCH PUR and if the timer expires without receiving either a HARQ-ACK feedback or a HARQ-NACK feedback (if supported), the UE can assume that the eNB failed to detect the PUSCH PUR.
Proposal 6: An HARQ timer is started after a PUSCH transmission via PUR is sent and if the UE does not receive an explicit HARQ-ACK feedback or HARQ-NACK feedback from the eNB when this timer expires, the UE assumes that its PUSCH transmission is not successful. 
If the eNB fails to detect the PUSCH PUR, then the UE may not be using the correct transmission power.  It would therefore be sensible to fallback to a legacy method such as UL EDT via Msg3 if the UE supports it or perform an RRC connection.

Proposal 7: If the HARQ timer expires, i.e. the eNB fails to detect any PUSCH PUR transmission, then the UE fallback to legacy methods, e.g. UL EDT via Msg3 or RRC Connection.

2.3 Downlink Application Layer Feedback

Typically when a device transmits an uplink application layer data, it would expect an application layer feedback in the downlink.  Although UL EDT via Msg3 and PUR avoid the need for the UE to perform RRC Connection, if the application layer feedback arrives, the UE may have to initiate an RRC Connection.  It would therefore be beneficial if the UE can also avoid having to perform RRC Connection in order to receive the application layer feedback.
The delay between sending an uplink message and receiving its application layer feedback in the downlink depends on the server providing this feedback.  The PO cycle can be configured to match this delay such that the application layer feedback can be transmitted in the next PO cycle.  However, if this delay is short, e.g. a couple of seconds and the frequency in transmitting the uplink message is long, e.g. every few hours, then configuring a short PO cycle to match the delay between the uplink message and the downlink feedback is not efficient.  An alternative is to provide some shorter POs e.g. sub-POs after the UE has transmitted an uplink message using either PUR or UL EDT via Msg3.  An example is shown in Figure 1, where after the UE transmits an uplink message using either PUR or UL EDT via Msg3, the network provides 4 sub-POs with a shorter periodicity Tsub-PO than that of the original PO TPO.  The UE will resume its original PO after it has monitored the last sub-PO.
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Figure 1: Sub-PO for downlink application layer feedback

Proposal 8: When an uplink message is transmitted using either PUR or UL EDT via Msg3, the network can optionally provide sub-POs for this UE where the sub-POs has a much shorter periodicity than that of the original PO.  The network can use these sub-POs to provide the UE with downlink application layer feedback.
The network can also provide the UE with an RNTI that can be used for DL EDT in the sub-POs.  The UE can then monitor the MPDCCH CCS for a DL grant using this configured RNTI in these sub-POs.  This avoids the UE having to perform RRC Connection in order to receive the downlink application layer feedbacks.
Proposal 9: An RNTI can be signalled to the UE for use in these sub-POs.  The UE monitors for a DL grant using this RNTI in a MPDCCH CSS during these sub-POs, thereby enabling the network to provide downlink application layer feedback via DL EDT.

3. Conclusion

In this contribution we discuss some considerations in using shared PUR in idle mode.  We observe the following:

Observation 1: Mechanism to (re)validate TA at the UE may require RAN4 test cases and lead to higher power consumption.

Observation 2: For shared PUR in idle mode, there is no mechanism to assign UE ID and hence difficult to provide HARQ feedback for a PUSCH PUR transmission.  The UE does not know whether a PUSCH transmission over PUR is received at the eNB.

We propose the following:

Proposal 1: Introduce an indicator to indicate whether the UE accessing the preconfigured resource needs to re-validate its TA.

Proposal 2: In validating the UE’s TA, the UE transmits a time advanced PRACH at a configured RACH resource using its current TA.  The eNB would response with a TA Validation message (e.g. compact RAR) addressing that PRACH preamble and indicate whether the TA is valid or not valid.

Proposal 3: An explicit HARQ-ACK feedback is used for PUSCH transmission over PUR.

Proposal 4: For shared PUR in idle mode, the DCI carrying the explicit HARQ-ACK feedback uses part of the PUSCH’s CRC as an RNTI to address the UE that has transmitted this PUSCH via PUR.
Proposal 5: If eNB can detect presence of PUSCH in PUR, it can feedback a HARQ-NACK in the form of an UL grant for retransmission when it fails to decode this PUSCH.  The RNTI used by the DCI carrying this retransmission UL grant can be broadcast in the SIB.

Proposal 6: An HARQ timer is started after a PUSCH transmission via PUR is sent and if the UE does not receive an explicit HARQ-ACK feedback or HARQ-NACK feedback from the eNB when this timer expires, the UE assumes that its PUSCH transmission is not successful. 

Proposal 7: If the HARQ timer expires, i.e. the eNB fails to detect any PUSCH PUR transmission, then the UE fallback to legacy methods, e.g. UL EDT via Msg3 or RRC Connection.

Proposal 8: When an uplink message is transmitted using either PUR or UL EDT via Msg3, the network can optionally provide sub-POs for this UE where the sub-POs has a much shorter periodicity than that of the original PO.  The network can use these sub-POs to provide the UE with downlink application layer feedback.
Proposal 9: An RNTI can be signalled to the UE for use in these sub-POs.  The UE monitors for a DL grant using this RNTI in a MPDCCH CSS during these sub-POs, thereby enabling the network to provide downlink application layer feedback via DL EDT.
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