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1. Introduction

This tdoc discusses the following DPUR design details.
· Early L1 ACK
· Configuring the RSRP threshold(s) to the UE
· No UL data procedure
· New TA update mechanisms
· Other configurations
· Capability signalling
2.  Early L1 ACK
In RAN2 #107 it was agreed as follows:
· RAN2 confirm the intention of the previous agreement as follows:
· If RRC response message is not needed, eNB may send L1 ACK to acknowledge the PUR transmission in UL. The L1 ACK concludes the PUR procedure and UE moves to Idle.

A UE that has indicated that it can accept this L1 ACK. can save power if the ACK. is received with minimal delay. It should be possible for the eNB to send the L1 ACK. immediately upon receipt of the UL.

In RAN2 #106 it was agreed as follows:

· RAN2 assumes the L1 signalling for acknowledgement is sent only after the eNB determines there is no pending downlink data or signalling.

If a UE indicates that the L1 ACK. is acceptable this can be interpreted as meaning that the UE has indicated that it is not expecting a downlink in response. If no pending downlink data or signalling is ready at the time the UL is received by the eNB this should be sufficient for the eNB to make the determination to be able to send L1 ACK. 

It should not be required for the eNB to wait after the PUR UL for confirmation from the MME in order to determine there is no pending downlink data or signalling.

Proposal 1: 
The L1 ACK. may be sent if neither DL data nor signaling is ready at the eNB when the PUR UL is received.
When UL is received, if the eNB is aware that it needs to send some DL data or (re)configuration information that cannot be included in the L1 ACK. then it may not send the L1 ACK. which means the UE must wait for a L2/L3 ACK.

Additionally, if the eNB has used L1 ACK. to release the UE to idle and then after that some DL data for the UE becomes available the UE may be paged to receive it by a legacy mechanism. If a UE is returning to PSM there is a window of time available for DL after UL when T3324 is not zero. This is the time after connected mode to stay in idle for potential MT data.
In Offline [107#306] the following FFS items were listed.
· FFS whether D-PUR request includes indication whether L2/3 ACK is required (or L1 ACK is sufficient). NW makes final decision on configuration.

· FFS whether D-PUR (re)configuration includes flag indicating whether DL L2/L3 ACK is used for UL data.

Implementing these suggestions would restrict the UE to use the same preference for using DL L2/L3 ACK. at all UL allocations in a configuration. An application may wish to have the option to change this preference for individual PUR uplinks depending on whether or not a DL response is expected. 

Proposal 2: 
The UE can indicate in the uplink message whether L2/L3 ACK. is required.
3. Configuring the RSRP Threshold(s) to the UE
In RAN2 #107 it was agreed.

At least the following information can be included in PUR (re)configurations: 
· “m” consecutive missed allocations before release, FFS values.

· Time Alignment Timer for idle mode.

· RSRP change threshold for Serving cell

RAN1 has been considering options, including those below for RSRP change threshold indication.  It is possible to update the TA and use a table or calculation to derive the RSRP threshold(s). This avoids the need to send the explicit RSRP thresholds at the time of TA updating. This can provide a useful saving in the size of communication needed for TA update. In the case where two thresholds are used the saving is more useful. This offers the possibility for the TA to be included in a L1 ACK.

Discussion:

There are at least three options of how the eNB can configure the RSRP threshold(s):

· Option 1: Configure the UE with an equation
· Option 2: Configure the UE with lookup table

· Option 3: Configure the UE with the RSRP threshold(s) each time the TA is updated

The same methods of configuration can be used whether one or two thresholds are given.

Option 1 - Configure the UE with an equation
This option does not require much signalling since the UE is calculating the threshold(s) based on the TA.  Signalling to indicate the parameters of the equation is still required. However, this signalling would only be sent once likely when the PUR is configured (which will be rare compared to the TA updates). 

One possible equation could be based on theoretical path loss equations. Almost all path loss equations have the following general form (from [2]):

Path loss =  k log10(di) - X
	Table 1. Path loss equations for different environments

	Environment
	Path Loss Equation PL(di)

	NLOS urban, suburban, and rural macro
	(43.42 – 3.1 log10 (hBS)) (log10 (di) + 

161.04 – 7.1 log10 (W) + 7.5 log10 (h) – (24.37 – 3.7(h/hBS)2 ) log10 (hBS) - 3*(43.42 – 3.1 log10 (hBS) + 20 log10(fc) – (3.2 (log10 (11.75 hUT))2 - 4.97)

	Urban Micro NLOS Hexagonal cell layout
	(36.7) (log10 (di) + 26 log10(fc) + 22.7

	Indoor hot spot NLOS
	(43.3) (log10 (di) + 20 log10(fc) + 11.5

	Free space
	(20) (log10 (di) + 20 log10(fc) – 147.55


Hence, the path loss equations can be written in the general form “k log10(di) + X” and then the RSRP equation can be generalized as: 

RSRP(di) = Ptx - k log10(di) - X
Calculating ∆RSRP(di) removes Ptx and X and gets the general form:

∆RSRP(di) = k (log10(di+ ∆d)- log10(di))
Thus the thresholds can be calculated as:

∆RSRP_ThPos = k (log10(di+ MaxAllowed∆d)- log10(di))
∆RSRP_ThNeg = k (log10(di- MaxAllowed∆d)- log10(di))
Where:

k
Is signaled to the UE and depends on propagation conditions in the cell, i.e. it depends on the topology/configuration of the cell. 

MaxAllowed∆d
Is signaled to the UE and defines the amount of timing error the eNB can tolerate. For example, MaxAllowed∆d = 705 meters corresponds to one normal CP. 

di
Is calculated by UE based on the last valid TA as: di = TA × c/2

The single threshold method and the two threshold method both require the same equation and parameters (k and MaxAllowed∆d), therefore the signalling is the same for both. The single threshold method requires to compute one threshold whereas the two threshold method requires to compute two thresholds. This calculation is only done when the TA is updated, not on every RSRP measurement and this computation is significantly smaller than even a RSRP calculation, so the UE complexity is virtually the same. 

Option 2 - Configure the UE with a lookup table
For this option, the UE is calculating the threshold based on indexing the TA into a table and using some type of interpolation. The eNB signals the table values which define a threshold function (i.e. ThresholdFunc) which the UE uses to calculate the thresholds. 

For single threshold method:

∆RSRP_Theshold = ThresholdFunc(Timing Advance) 

For the two threshold method:

∆RSRP_ThPos = ThresholdFunc (Timing Advance) 

∆RSRP_ThNeg = - ThresholdFunc (Timing Advance-TA_error)

As shown above the single threshold method and the two threshold method both require the same table and the two threshold method requires the additional “TA_Error” parameter. Since the TA_error is likely to be fixed at +/- ½ CP, it would not need to be signaled and thus the two method would have the same signalling.  The single threshold method requires to compute one threshold whereas the two threshold method requires to compute two thresholds. However, this calculation is only done when the TA is updated and not on every RSRP measure and this computation is significantly smaller than even a RSRP calculation, so the UE complexity is virtually the same. 

Option 3 - Signaled to the UE when the TA is updated

This option would require the most signaling because each time the TA is updated, the threshold(s) would need to be updated.  The threshold(s) would likely only be 4-5 bits long which is small but since this will likely not fit in a physical layer message, a layer 2 message would be needed which brings significant overhead (CRC, L2 headers, physical layer scheduling). The two threshold method would require one additional threshold of 4-5 bits but this would be a very small percentage increase compared to the L2 signalling overhead.

Based on the above discussion, the following observations can be made:

Observation 1:
At least the following options of how the UE is to obtain the RSRP threshold(s) are possible:

· Option 1: Configure the UE with an equation 

· Option 2: Configure the UE with a lookup table 

· Option 3: Configure the UE with the RSRP threshold(s) each time the TA is updated

The same methods can be used for the single and two threshold method.

Observation 2:
When an equation or table is used to calculate the threshold(s), the single and two threshold method use the same equation/table thus the signalling overhead and specification impact is the same.
Observation 3:
When the threshold(s) are signaled each time the TA is updated, for both the single and two threshold methods, there is significant signalling overhead especially if layer 2 signalling is needed.
 Observation 4:
It is possible to calculate or look-up the RSRP change threshold(s) at the UE using information provided to the UE at configuration and the current valid TA.
Proposal 3:
When the TA is updated it is not necessary to also send the RSRP change threshold(s) for Serving cell
RAN4 #91 has made the following agreements as captured in R4-1907733[1] that the eNB configures either 1 or 2 thresholds:

· When TA validation based on serving cell RSRP change method is configured:
· eNodeB determines and configures K RSRP threshold(s) to the UE, where K is 1 or 2.
Parameters needed for a table or calculation can be provided as part of (re)configuration. This information does not need to be provided as part of every TA update.

Proposal 4:
The PUR configuration shall include an RSRP threshold table and TA error if K=2. 
4. No UL data procedure

Issue: It has been agreed that a UE may skip PUR transmission when it has no UL data but only to a limited number of PUR allocations may be skipped.

Discussion:  There are at least three options: 

· Option 1: UE sends zero padded “Fill” data similar to legacy SPS, or

· Option 2: UE sends a power optimized message (e.g. short pre-amble), or 

· Option 3: Do nothing and allow the PUR allocation to be implicitly deactivated
Option 1: This is like what SPS does and would be more power efficient than letting the PUR configuration be released and then re-initiated. 

Option 2: Although it is the most power efficient, it has many complexities such as designing the new power optimized message and having the eNB do blind decoding between regular PUSCH data and the optimized message. At this stage of the WI, the design needs to be kept as simple as possible and thus this option is not recommended.

Option 3:   This option is already supported. 

Proposal 5:
If PUR transmission skipping is disabled, or if the UE has skipped one less than the maximum number of PUR transmissions and the UE does not want the PUR configuration to be released, the UE must transmit a zero padded TB during the PUR allocation.

5. New TA Update Mechanisms
Issue: Currently the only agreed way to update an invalid TA is via legacy EDT and RA procedures. Whether more procedures are necessary is an open issue.

Discussion: Some previous RAN1 tdocs discuss a new simplified RACH procedure. This method requires a new UE-specific PRACH resource to be assigned to each UE where the eNB can then update PUR configurations in an optimized RAR when it detects the UE-specific PRACH. The advantage of this approach is that the data can still be sent on the PUR and this takes less resources than legacy RACH/EDT. The disadvantage is that there is a fair bit of specification work required and it is unclear how unique PRACHs can be assigned to every UE and still be scalable to millions of UEs. Given the uncertainties of how this will scale and the large specification impact, this should not be specified.
Proposal 6:
No new methods to update an invalid TA shall be specified in Rel 16
Discussion:  Another possibility is the TA is evaluated in advance of the PUR allocation such that the UE may obtain ONLY a valid TA via EDT or RA before the PUR allocation and then still send the data on the PUR allocation.  However, this would take more resources and more UE battery life than to just sent its UL data after the TA is acquired using the legacy EDT or RA connection. If this was done, a possible enhancement could be for the UE to indicate to the eNB while in connected mode that it will not use the upcoming PUR allocation so that PUR allocation is not wasted. The eNB would also not count this as a missed allocation.
Proposal 7:
A mechanism where the UE can request to de-allocate the next PUR allocation when in connected mode should be studied by RAN2.
6. Other Configurations

In RAN2 #107 offline #306 the following was listed.

· FFS which of the following is included in PUR (re)configurations: Time Offset; UE-specific RNTI; D-PUR config identity/index; timer for D-PUR response; PUR backoff indicator/prohibit timer; TBS size.

We agreed in RAN2 #105:

· Request/information can include:

· Requested TBS 
· Requested periodicity 
· Other information FFS. 
6.1 Time Offset.
(This was also recorded as FFS in RAN2 #105)
If a UE can only start its configured PUR allocations immediately upon eNB approval of a request then that constrains the request to be made only at a time close to the desired first allocation. It would be more flexible to be able to pre-configure the time of the first allocation by specifying this in the configuration request. The offset may be an index to a time of day or a count of system frames after the request.
Proposal 8:
A UE can receive a time offset as part of its configuration
6.2 D-PUR Configuration Index

A UE may have applications with several different needs. For example; there may be a need for a regular UL allocation of one size approximately every day and another separate one of a different size approximately every hour. In order to serve these, more than one PUR allocation should be possible. Based on previous email discussion up to four should be possible. A UE should request a configuration including a reference number. The eNB should reference the configuration using this index.
Proposal 9:
 A UE can have up to 4 concurrent PUR allocations. 

Proposal 10:
The index number of a PUR configuration is included by the UE in the (re)configuration request.

7. Capability signalling
In RAN2 #107 offline #306 the following items were noted but not agreed upon.
•
Upon detecting that SIB indication of PUR support is turned off in the cell, UE shall release all PUR configurations.
•
FFS whether D-PUR is enabled in broadcast or dedicated signalling.
If a SIB is used to indicate that PUR is supported in a cell and this SIB needs to be checked every time before a UE can transmit its PUR UL this will impose a power burden on the UE. We already have ACB/EAB for controlling traffic. If PUR support is indicated in a broadcast this should be used only to enable a UE to request configuration. If individual control of use of configured allocations is required this should be by dedicated signalling.

Proposal 11:
 If a broadcast indication of the eNB support of PUR is used to enable PUR configuration the UE shall not need to check this before each UL allocation is used.
8. Conclusions
Proposal 1: 
The L1 ACK. may be sent if neither DL data nor signaling is ready at the eNB when the PUR UL is received.
Proposal 2: 
The UE can indicate in the uplink message whether L2/L3 ACK. is required.
Observation 1:
At least the following options of how the UE is to obtain the RSRP threshold(s) are possible:

· Option 1: Configure the UE with an equation 

· Option 2: Configure the UE with a lookup table 

· Option 3: Configure the UE with the RSRP threshold(s) each time the TA is updated

The same methods can be used for the single and two threshold method.

Observation 2:
When an equation or table is used to calculate the threshold(s), the single and two threshold method use the same equation/table thus the signalling overhead and specification impact is the same.
Observation 3:
When the threshold(s) are signaled each time the TA is updated, for both the single and two threshold methods, there is significant signalling overhead especially if layer 2 signalling is needed.

 Observation 4:
It is possible to calculate or look-up the RSRP change threshold(s) at the UE using information provided to the UE at configuration and the current valid TA.

Proposal 3:
When the TA is updated it is not necessary to also send the RSRP change threshold(s) for Serving cell
Proposal 4:
The PUR configuration shall include an RSRP threshold table and TA error if K=2. 
Proposal 5:
If PUR transmission skipping is disabled, or if the UE has skipped one less than the maximum number of PUR transmissions and the UE does not want the PUR configuration to be released, the UE must transmit a zero padded TB during the PUR allocation.

Proposal 6:
No new methods to update an invalid TA shall be specified in Rel 16

Proposal 7:
A mechanism where the UE can request to de-allocate the next PUR allocation when in connected mode should be studied by RAN2.

Proposal 8:
 A UE can receive a time offset as part of its configuration

Proposal 9:
 A UE can have up to 4 concurrent PUR allocations. 

Proposal 10:
The index number of a PUR configuration is included by the UE in the (re)configuration request.

Proposal 11:
 If a broadcast indication of the eNB support of PUR is used to enable PUR configuration the UE shall not need to check this before each UL allocation is used.
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