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1. Introduction

This tdoc. discusses the following DPUR design details.
Contents of PUR (L1) ACK DCI
PUR Search Space Power Saving Configuration

Configuring the RSRP Threshold(s) to the UE
Time Offset
2. Contents of PUR (L1) ACK DCI
RAN1 has informed RAN2 (in LS R2-1914304 [3]) of the following agreements concerning the contents of PUR ACK DCI:

The dedicated PUR ACK DCI at least includes the Timing Advance adjustment (including TA adjustment of 0). The TA adjustment field is [6] bits as legacy.

For dedicated PUR in idle mode, the indication to fallback to EDT or RACH is included in the same DCI with PUR L1-ACK

· If the UE receives an indication to fallback to EDT or RACH, the PUR transmission is considered not acknowledged

· FFS: Whether this indication is jointly encoded with PUR L1-ACK

· FFS: Whether to use L1-ACK flag

The PUR L1 ACK DCI in CE Mode A and B should at least contain the following fields:

· PUSCH repetition adjustment

Observation 1: PUR acknowledgement, TA adjustment, repetition adjustment and non-acknowledgement are all acceptable content of PUR ACK DCI.
In addition to these configuration content details RAN1 has also agreed as follows:

After data transmission on PUR, if nothing is received by the UE in a PUR search space window, the UE shall fallback to legacy RACH/EDT procedure.
RAN1 intended that forcing the UE to fall back to legacy would prevent the UE from being in a state of having missed some of the reconfiguration instructions listed above. In this state the UE may not have the correct TA and repetition count. Forcing the UE to go to RACH/EDT would correct the configuration and also avoid the “m” count at the UE from becoming different from the count at the eNB.
This RAN1 agreement may not be a decision that RAN1 can make. RAN2 has made the following agreements [4] on this subject:

No further UE behaviour is specified in case successful PUR reconfiguration is not confirmed using the existing methods (i.e., the PUR configuration that the UE considers valid depends on whether UE received the reconfiguration). It is up to the network implementation how to handle this scenario.
Fallback after D-PUR transmission is not successful is not specified i.e. it is up to UE implementation to initiate legacy RA, MO-EDT or wait for next D-PUR occasion.
If the UE decides to initiate legacy RA or MO-EDT then that corresponds with what RAN1 agreed. The “m” count and the configuration will get reset to the intended values. Alternatively, if the UE decides to wait for the next D-PUR occasion then the network will need to handle cases when configuration information sent in the L1 Ack is not received and acted upon by the UE. 
RAN2 email discussion 107bis#90 seeks input from RAN2 on how to handle “m” count at the eNB and UE but does not address the corresponding issues with configuration mismatch.
In a case where the UE may not have received a configuration with a change in the number of repetitions the network would need to allow for the higher of the current and previous number of repetitions at the next PUR allocation. Depending on what the UE sends at the next PUR allocation the eNB can become aware of whether or not the UE received the reconfiguration.
If the UE did not receive a TA adjustment then it may transmit with an incorrect TA. This may cause interference to other UE transmissions at the next PUR UL and it may also mean that the UE PUR UL is not received by the eNB. The eNB may send a NACK, or no response. If the UE sees the NACK it must fallback to legacy to get a new TA. If the UE gets no response it may only increment its “m” count and try again at the next PUR allocation. In most cases a NACK should be transmitted.
Observation 2: It is possible for the network to manage the situation when the UE does not receive configuration sent in the PUR (L1) ACK DCI.

Proposal 1: RAN2 can confirm that the RAN1 agreements with respect to configuration in PUR ACK DCI are feasible.
3. PUR Search Space Power Saving Configuration
RAN 1 has also included in its LS [3] some questions for RAN2 that are related to the PUR Search Space following the PUR UL as follows:
Discussion on PUR L1 ACK for an application layer response message (for NB-IoT and eMTC)

In RAN1#98bis meeting, RAN1 discussed the following indication to be carried by the L1 ACK DCI:

The PUR transmission is successful and UE may continue monitoring the PUR SS after a non-zero gap. The non-zero-gap is part of the PUR configuration. The value of the non-zero gap will be decided by RAN2.

RAN1 has the following questions:

· What is the range of the non-zero gap considering the followings questions
a. What is the proportion (how often) of PUR transmissions that have an application layer response after a PUR transmission.
b. What is the time duration between a PUR transmission and the corresponding application layer response.
RAN1 kindly asks RAN2:

To address the questions and feasibility and benefit of the above PUR L1 ACK indication.

The questions from RAN1 with respect to how often there is an application response and how long the gap should be before an application response are not easy to answer, due to differences between applications. 
Observation 3: There is no unique answer to the general probability or timing of application Acks. because this is application and application server dependent.
Proposal 2: RAN2 cannot answer RAN1 questions with specific information on response probability or delay.

Introducing a new “L1 ACK DCI” as proposed by RAN1 to initiate a gap before the L2 Ack. and/or application (L3) Ack. is useful for UE power saving. A default gap duration could be set by the eNB when it configures the UE. 

As RAN1 has noted, when the UE receives the L1 ACK DCI this indicates to the UE that the eNB has received the PUR UL.
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Observation 4: It is feasible and beneficial for a “L1 ACK DCI” to indicate a power saving gap.
Proposal 3: RAN2 can inform RAN1 that it is feasible and beneficial for a “L1 ACK DCI” to indicate a power saving gap.
If the UE could indicate in its configuration request that it expects data to follow then that could be used to set a gap duration useful to the UE. The eNB will also be aware that the UE expects an application ack. If the gap is longer than the application response delay, the eNB will need to buffer the response and the latency will be longer. If the gap is shorter the UE will use more power. Optionally the UE could request the gap duration to match its requirements.
Proposal 4: The UE may add an indication to its PUR configuration request that it expects data to follow.

Proposal 5: The UE may request a power saving gap duration in its PUR configuration request.
The application response may consist of more than one DL message within the search space window and unless the UE indicates completion of the response the UE would need to wait until the end of the search space window, which would be a waste UE power.
It would be better if the UE could use a Release Assistance Indication, such as by sending BSR=0, to initiate a quick release once the application DL is complete.
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Proposal 6: The UE may initiate an early release once the PUR application response is complete.

In case the UE has not indicated that it expects an application response in its configuration, the L2 Ack. may be configured to release the UE after the gap.

[image: image3]
Proposal 7: RAN2 should consider methods to early release a UE that has no data to follow.

There may be a UE that expects data to follow and also does not require a L2 Ack. This scenario would require yet another configuration option. This has an advantage of power saving for the UE and the application Ack. provides the UE with assurance that the PUR UL was received at the intended destination.
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Proposal 8: RAN2 should consider a configuration option for a UE to indicate that it has data to follow and does not require a L2 Ack.
4. Configuring the RSRP Threshold(s) to the UE
When TA is updated it should be expected that the one or two RSRP thresholds will also change.

It is possible to update the TA and, as an alternative to sending explicit RSRP threshold(s), 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 also helps when the TA adjustment is included in a L1 ACK DCI.

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 each, which is small, but since there are only 3 bits left in a physical layer message [5], 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 5:
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 6:
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 7:
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 8:
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 9:
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 10:
The PUR configuration shall include an RSRP threshold table and TA error if K=2. 
5. Time Offset
In the agreements after RAN2#107bis [4] the following was listed.
· FFS Whether Requested Time Offset can be included in the PUR request.
If a UE can only start its configured PUR allocations immediately upon eNB grant of a request then that constrains the request to be made only at a time close to the desired first allocation. If a UE requests a configuration with frequent allocations (up to a few minutes) this offset request is probably not useful. An offset request would be more useful for configuration requests that have longer intervals between allocations (hours and days). The offset may be an index to a time of day or a count of system frames after the request. The amount of time could be a delay in hours. The configuration that the eNB indicates to the UE in response to the request should accurately indicate the assigned time of the first allocation.
Proposal 11:
A UE can request a time offset as part of its configuration.
6. Conclusions
Observation 1:
PUR acknowledgement, TA adjustment, repetition adjustment and non-acknowledgement are all acceptable content of PUR ACK DCI.
Observation 2:
It is possible for the network to manage the situation when the UE does not receive configuration sent in the PUR (L1) ACK DCI.
Observation 3:
There is no unique answer to the general probability or timing of application Acks. because      this is application and application server dependent.

Observation 4:
   It is feasible and beneficial for a “L1 ACK DCI” to indicate a power saving gap.

Observation 5:
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 6:
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 7:
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 8:
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 1: 
RAN2 can confirm that the RAN1 agreements with respect to configuration in PUR ACK DCI are feasible.
Proposal 2: 
RAN2 cannot answer RAN1 questions with specific information on response probability or delay.

Proposal 3: 
RAN2 can inform RAN1 that it is feasible and beneficial for a “L1 ACK DCI” to indicate a power saving gap.
Proposal 4: 
The UE may add an indication to its PUR configuration request that it expects data to follow.

Proposal 5:
The UE may request a power saving gap duration in its PUR configuration request.

Proposal 6:
The UE may initiate an early release once the PUR application response is complete.
Proposal 7:
RAN2 should consider methods to early release a UE that has no data to follow.
Proposal 8:
RAN2 should consider a configuration option for a UE to indicate that it has data to follow and does not require a L2 Ack.

Proposal 9:
When the TA is updated it is not necessary to also send the RSRP change threshold(s) for serving cell.
Proposal 10:
The PUR configuration shall include an RSRP threshold table and TA error if K=2. 
Proposal 11:
A UE can request a time offset as part of its configuration.
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