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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#95, we agreed the following on dedicated PUR:
Agreement
For dedicated PUR in idle mode, the UE may skip UL transmissions.
· FFS: Resource release mechanism
· FFS: Whether or not to support mechanism to disable skipping by eNB

Agreement
If multi-TB grant is not enabled, a dedicated PUR allocation is associated to only a single TB and single HARQ process 
· FFS: if multi-TB grant is enabled/supported

Agreement 
In idle mode, at least the following TA validation attributes are supported:
· 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)
· Based on RSRP measurement definition in existing Rel-15 TS36.214

Agreement
The UE can be configured to use at least these TA validation attributes:
· Time Alignment Timer for idle mode 
· Serving cell RSRP changes 
· Note: the configuration shall support disabling of the TA validation attributes
Agreement
For dedicated PUR in idle mode, UL grant for HARQ retransmission is transmitted in MPDCCH search space
· FFS: Details on the search space (for example USS, CSS)

Agreement
For dedicated PUR in idle mode, upon successful decoding by eNB of a PUR transmission, the UE can expect an explicit ACK 
FFS: if ACK is sent on MPDCCH (layer 1) and/or PDSCH (layer 2/3)

Agreement
For dedicated PUR in idle mode, upon unsuccessful decoding by eNB of a PUR transmission, the UE can expect
· an UL GRANT for retransmission on the MPDCCH, or  
· FFS: a NACK, or
· FFS: no explicit ACK 

This contribution discusses some remaining considerations on dedicated PUR.  

2. Discussions
2.1 TA Validation
One of the methods for TA validation is based on serving cell RSRP changes.  However, we have not agreed on how to use this RSRP attribute.  One suggestion is that the TA is invalid if the changes to the RSRP, RSRP, is above a threshold TTA, i.e. 
TA is invalid if RSRP > TTA, otherwise TA is valid
where RSRP = |RSRP at t1 – RSRP at t0| where t1 > t0 and the time, or periodicity of the RSRP measurement, which is according to RAN4 measurement requirements. 
Introducing a threshold TTA is a logical way to utilize this RSRP attribute since changes to RSRP gives an indication of the changes in relative distance with the serving eNB.  It should be appreciated that the relationship between RSRP and distance is not linear but an inverse power, i.e. , where d is the distance between the UE and the eNB.  Since this relationship is not linear, the threshold TTA needs to be dynamic.
Observation 1: If a threshold TTA, is defined when using serving cell RSRP changes RSRP, to evaluate the validity of the Timing Advance, this threshold needs to be dynamic since the relationship between RSRP and distance is non-linear.

Assume that a TA is valid if it is within 10% of the normal cyclic prefix duration or about 470 ns and we define this TA of 470 ns as a TA step size TA.  The RSRP in dBm under a Hata propagation model as a function of TA is shown in Figure 1 (the cell is assumed to be dimensioned to ensure RSRP = -100dBm at a cell edge distance of 500m = 7 * c * TA / (2) ).  It can be observed that when at high RSRP, it requires a large change in RSRP in order to change 1 unit of TA compared to the case when RSRP is low.  For example when the RSRP is -40dBm, the required RSRP is about 30 dB to change 1 unit of TA, in contrast when the RSRP is -90 dBm, the required RSRP is about 5 dB to change 1 unit of TA.  Hence, the threshold TTA is dependent upon the absolute RSRP.  

Observation 2: The value of the threshold TTA that is used to determine the validity of TA when using serving cell RSRP changes RSRP, depends on the absolute RSRP.  That is a large value of TTA is required when the absolute RSRP is high and a small value of TTA is required when the absolute RSRP is low.
[image: ]
[bookmark: _Ref1127060]Figure 1: RSRP (dBm) as a function of TA (TA = 470 ns)

A lookup table of the RSRP threshold TTA and the range of absolute RSRP can be RRC configured by the network and the UE uses the TTA depending on the its RSRP range.  An example lookup table is shown in Table 1
[bookmark: _Ref1128220]Table 1: Example lookup table for absolute RSRP range and RSRP threshold TTA
	RSRP range (dBm)
	RSRP Threshold TTA (dB)

	>-60 dBm
	25 dB

	-60 dBm to -85 dBm
	10 dB

	<-90 dBm
	5 dB



Proposal 1: For the validation of TA using serving RSRP changes, the following is used
If RSRP > TTA, 	TA is invalid, 
Otherwise, 		TA is valid
Here, RSRP== |RSRP at t1 – RSRP at t0| where t1 > t0 and the value of TTA depends on the absolute RSRP which can be found from a lookup table.

2.2 PUR Configuration
One of the main configuration parameters for PUR is the resources that the UE can use, i.e. the frequency & time resource, the number of repetitions, TBS and MCS.  These parameters depend on the UE expected radio condition and the type of service requested by the UE, e.g. an MTC device that reports temperature every 20 minutes.  We should not impose restriction on the type of services PUR can support and hence we should expect that the MTC device using PUR to support at least some mobility.  We should also expect that the service can change, e.g. an MTC device can change from reporting temperature every 20 minutes to every 5 minutes if say the temperature exceeds a threshold.  Hence, we should design the PUR such that these parameters can change during the PUR operation.
Observation 3: The radio condition and the type of service for a UE using PUR can change and therefore the PUR parameters can also change.

When the radio condition deteriorates, the PUSCH transmission using PUR parameters configured for a better radio condition would fail.  To avoid this, the PUR configuration can have multiple repetitions to cover a large range of radio conditions similar to that used for MPDCCH scheduling paging.  However, this method would lead to inefficient use of resources to support the worst case scenario since these resources are dedicated.  Another way is to allow the PUR parameters to be changed either by the eNB or a request from the UE. Preferably this change can be done in idle mode.  Here, the eNB can change the PUR parameter if it detects that the PUSCH signal is deteriorating.  Allowing the UE to request for a change in PUR parameter is also beneficial if there is a change in service type (e.g. requiring more frequent PUR resources) or the radio condition deteriorates e.g. after not receiving any feedback for multiple PUSCH transmissions or the RSRP has changed after the UE has skipped several PUR occasions.  The UE request to change PUR parameters can be indicated via EDT (e.g. when radio condition deteriorates) as part of a fallback mechanism or via a PUSCH using PUR resource. The PUR parameter change can be signaled using Msg4 (if an EDT is used) or in the HARQ-ACK feedback.
Proposal 2: Allow the UE to request for changes to PUR parameters via EDT over Msg3 (e.g. during fallback) or a PUR transmission.
Proposal 3: Support changes to PUR parameters in idle mode where the PUR re-configuration is signaled via Msg4 or HARQ-ACK feedback.

2.3 HARQ Operation
It is agreed that an explicit ACK will be sent to the UE for a successful PUR transmission.  This explicit HARQ-ACK can be sent using a DCI (as in Rel-15) or a PDSCH.  For the purpose of indicating an ACK, using the DCI is more efficient than having to transmit an MPDCCH to schedule a PDSCH just to send a 1 bit ACK.  However, if a PUR parameter change is performed then it makes sense to use a PDSCH.
Proposal 4: The explicit HARQ-ACK is transmitted using a DCI carried by MPDCCH.

When a PUR transmission is unsuccessfully decoded, the eNB can send an UL grant for a retransmission.  However, the eNB would not send an UL grant if it fails to detect the PUR transmission.  Since an explicit HARQ-ACK is supported, then an absence of any feedback, either an UL grant or HARQ-ACK, would indicate that the eNB had failed to detect any PUR transmission.  Therefore an explicit HARQ-NACK is not required.
[bookmark: _GoBack]Proposal 5: An explicit HARQ-NACK is not supported for dedicated PUR transmission.

3. Conclusion
In this contribution we discuss remaining issues on dedicated PUR.  We observe the following:
Observation 1: If a threshold TTA, is defined when using serving cell RSRP changes RSRP, to evaluate the validity of the Timing Advance, this threshold needs to be dynamic since the relationship between RSRP and distance is non-linear.
Observation 2: The value of the threshold TTA that is used to determine the validity of TA when using serving cell RSRP changes RSRP, depends on the absolute RSRP.  That is a large value of TTA is required when the absolute RSRP is high and a small value of TTA is required when the absolute RSRP is low.
Observation 3: The radio condition and the type of service for a UE using PUR can change and therefore the PUR parameters can also change.

We therefore propose the following:
Proposal 1: For the validation of TA using serving RSRP changes, the following is used
If RSRP > TTA, 	TA is invalid, 
Otherwise, 		TA is valid
Here, RSRP== |RSRP at t1 – RSRP at t0| where t1 > t0 and the value of TTA depends on the absolute RSRP which can be found from a lookup table.
Proposal 2: Allow the UE to request for changes to PUR parameters via EDT over Msg3 (e.g. during fallback) or a PUR transmission.
Proposal 3: Support changes to PUR parameters in idle mode where the PUR re-configuration is signaled via Msg4 or HARQ-ACK feedback.
Proposal 4: The explicit HARQ-ACK is transmitted using a DCI carried by MPDCCH.
Proposal 5: An explicit HARQ-NACK is not supported for dedicated PUR transmission.
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