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1. Introduction

This tdoc discusses the following open design areas:

· TA validation mechanism

· Dedicated PUR issues

· Optional Transmission

· Charging

· HARQ

· Fallback

· Update Mechanisms

· Configuration

· Power Control

· CFS PUR

· CBS PUR

· Connected mode support

2. Timing Advance (TA) Validation

2.1. Additional Attributes

Issue: The following TA validation attributes have been agreed

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 NRSRP changes (serving cell refers the cell that the UE is camping on)

· Based on NRSRP measurement definition in existing Rel-15 TS36.214

However, we still need to decide if other attributes will also be supported such as:

· Neighbour cell measurements
· Subscription based UE information (e.g. Stationary indication in held in subscription)

· TDOA of >=2 eNBs

· TA Update History

Discussion:

Neighbour Cell Measurements

Like serving cell measurements, the changes in the neighbour cell measurements could be used to indicate movement and thus TA validity. However, there are several potential issues with using neighbour cells: 

· Neighbour cell measurement maybe rare and no increase in neighbour cell measurement should be specified so this mechanism would not be used very often even if specified.
· As discussed below, the delta in the measurement depends highly on the distance from the neighbour eNB which the UE has NO information about (i.e. no TA to the neighbour) so technically this approach is questionable. 

Subscription based UE information

The subscription may contain information about the mobility of the UE. The concept would be that UEs that are designated as “stationary” in the subscription can always assume their TA is valid while on the serving cell.  This can be left for eNB implementation where eNB can configure the TA validation mechanism to take the subscription information into account (e.g. if UE is considered stationary, NRSRP will NOT be used to validate TA) and thus Subscription based UE information does not need to be specified or at least not specified by RAN1.

TDOA of >=2 eNBs 

It has been proposed to use TDOA of NPRS or NCRS as a measure of mobility and thus TA validity.  There are at least two concerns with this approach: battery life impacts – such measurements often take a lot of time and processing, and UE complexity – these calculations are often complex where not all simple UEs can support such calculations. 

TA Update History

It has been proposed to use TA update history as an attribute for TA validation. The concept is that UEs that need to update their TA often may affect other parameters in the TA validation mechanism such as the TA Validation Timer.  More study needs to be done to show how this would improve the TA validation mechanism. However, this can be left for eNB implementation where eNB can configure the TA validation mechanism to take the TA update history into account (e.g. if UE has frequent TA updates, the TA validation timer would be adjusted accordingly) and thus the TA Update history does not need to be specified or at least not specified by RAN1.
Given the above discussion, the following proposal is made:
Proposal 1:   In idle mode, the following TA validation attributes are NOT specified by RAN1:
· Neighbour cell NRSRP change 

· Subscription based UE information (e.g. Stationary indication in held in subscription)

· TDOA of >=2 eNBs

· TA Update History

2.2. TA Validation Configuration

Issue: The following agreements WRT to TA validation configuration have been agreed:
The UE can be configured to use at least these TA validation attributes:

· Time Alignment Timer for idle mode 

· Serving cell NRSRP changes 

· Note: the configuration shall support disabling of the TA validation attributes

But details of TA validation mechanim configuration are still open.

Discussion:

The TA Validation mechanism configuration needs to be flexible enought for the eNB to consider serveral implemenation algorithms which maybe eNB implementation specific.  At least, some of the configuration will need to be UE specific. Some of the configurations could be cell specific but given the PUR configuration will be UE specific, there isn’t much signalling overhead to have the TA validation configuration also be UE specific.

Proposal 2:   The TA validation configuration shall be UE specific.  

2.2.1. Serving cell changes

If the serving cell changes, the TA will ALWAYS be INVALID for the new serving cell so there is no need for any configuration of this attribute.  

Proposal 3:   The UE considers the TA as invalid if the serving cell changes

2.2.2. Time Alignment Timer:

The general idea is that the UE would consider the TA invalid if the time since last TA update is greater than the configured “TA Validation Timer”. The TA Validation Timer clearer needs to be included in the TA validation configuration.  The range can be left to RAN2 but as already agreed – “the configuration shall support disabling of the TA validation attributes”
Proposal 4:   The TA validation configuration shall include “TA Validation Timer”
· Where the UE considers the TA as invalid if the (current time – time at last TA update) > the TA Validation Timer
· RAN2 shall specify the TA Validation Timer range 

2.2.3. Serving Cell NRSRP Changes

This section discusses how the measured serving cell NRSRP changes can be used and configured to validate the TA.

The simple way to use NRSRP is to compare the “∆NRSRP_Measured” with a pre-defined threshold “∆NRSRP_Threshold” as follows:

abs(∆NRSRP_Measured)  > ∆NRSRP_Threshold  

Eq. 1
If the above equation is true, the UE’s TA is invalid.  However, we’ve identified two major issues with using this approach.

Issue # 1: ∆NRSRP is not linear with distance from eNB

For a change in distance ∆d from the eNB, we find that the corresponding change in the measured NRSRP depends, not only on the distance ∆d travelled, but also on the initial distance from the eNB (i.e. for the same change in distance, abs(∆NRSRP_Measured) is bigger when the UE is close to the eNB vs farther away). Assuming a constant ∆d = 705 meters, the following figure shows the change in NRSRP vs different initial distances from the eNB.
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	Figure 1. ∆NRSRP vs distance from the eNB for a UE moving 705m away from eNB  


This dependency of the change in NRSRSP on the distance from the eNB is very clear from the above figure but this is also very clear if you look at any path loss equation in [2].

Observation 1:  The change in NRSRP is highly dependent on the distance from the eNB

Hence, a constant threshold will not work well across the cell radius. Therefore, the ∆NRSRP_Threshold should be a function of the distance from the eNB which will be different for every UE. In other words, ∆NRSRP_Threshold will be UE specific, not cell specific. 

Proposal 5:   The ∆NRSRP_Threshold(s) should be UE specific.

Issue # 2: Change in NRSRP depends on the direction of movement

The other issue with the approach described in Eq. 1 is that abs(∆NRSRP_Measured) depends on whether the UE is moving towards the eNB or moving away from the eNB.  The following graph shows the difference in the abs(∆NRSRP_Measured) between a UE going towards and away from the eNB.
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Figure 2. abs(∆NRSRP_measured) vs distance from eNB for a UE moving 705m towards and away from eNB  

Observation 2: The ∆NRSRP depends on whether the UE is moving towards or away from the eNB.

Hence, for any UE at an initial distance di from the eNB, two thresholds will generally be required depending on the direction of the movement wrt the eNB.  Assuming ∆NRSRP_Measured is calculated as:

                ∆NRSRP_Measured  = (NRSRP when TA was given) – (NRSRP when the TA is evaluated)

Eq. 2
Using Eq. 2, if the UE moves closer to the eNB, then the ∆NRSRP_Measured will be negative and if the UE moves away from the eNB, then the ∆NRSRP_Measured will be positive.  Hence, a UE can evaluate the TA validity using the following condition:

∆NRSRP_ThNeg  < ∆NRSRP_Measured  < ∆NRSRP_ThPos

Eq. 3
If the condition is not met, then the TA is not valid.  
Proposal 6:   The TA is considered invalid if the following condition is not met (i.e. FALSE)
∆RSRP_ThNeg  < ∆RSRP  < ∆RSRP_ThPos

· Where ∆RSRP = (RSRP when TA was given) – (RSRP when the TA is evaluated)
There are at least two options of how the UE is to obtain the two thresholds - ∆NRSRP_ThNeg and ∆NRSRP_ThPos:

Option 1:  eNB signals the thresholds directly to the UE when the eNB provides the updated TA

Option 2:  eNB broadcasts parameters to an equation the UE can use to calculate the thresholds

Option 1: Is the most flexible but would require additional UE specific signaling each time the TA is updated which will likely be each time the UE transmits.

Option 2:  This option requires much less signalling but some signalling to indicate the equation is still required. This signalling for the equation would only be sent once and could be signaled when PUR is configured (which will be rare compared to the TA updates) or it can be broadcasted. This method would require RAN1 to agree on a flexible equation for the UE to use.   An example equation could have the form: 

∆NRSRP_ThPos = k (log10(di+ MaxAllowed∆d)- log10(di))-Zmargin

∆NRSRP_ThNeg = k (log10(di- MaxAllowed∆d)- log10(di))+Zmargin

Where:

Zmargin
Defines some margin to ensure UE doesn’t use an invalid TA

k
Depend on propagation conditions in the cell, i.e. it depends on the topology/configuration of the cell e.g. From [2],  k = 36.7 for Hexagonal cell Layout Urban Micro NLOS, k = (43.42-3.1 × log10(base station height)) for Urban Macro NLOS, k = 43.1 for indoor NLOS
MaxAllowed∆d
Defines the amount of timing error the eNB can tolerate. For example, MaxAllowed∆d = 705 meters corresponds to 4.7µs which is one normal CP. 

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

More study is required to determine which of the two options are specified. 
Given the above discussion, the following proposal is made:
Proposal 7:   The “∆RSRP_ThPos” and “∆RSRP_ThNeg” parameters shall either be calculated by the UE or be signalled to the UE 
3. Dedicated PUR Issues

Support for dedicated PUR has been agreed but there are still many open issues. 

3.1. HARQ 

There are several open issue WRT to HARQ
3.1.1. LTE-M HARQ agreements not discussed in NB-IOT session
There were several HARQ LTE-M agreements which did not get discussed in NB-IOT. These include:

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)
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
If possible the LTE-M and NB-IOT designs should be similar if possible. No reasons could be identified why all of the above LTE-M agreements should NOT apply to NB-IOT so the following proposal is made:

Proposal 8:   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 NPDCCH (layer 1) and/or NPDSCH (layer 2/3)
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 NPDCCH, or  

· FFS: a NACK, or

· FFS: no explicit ACK

3.1.2. Layer 1 and/or layer 2 ACK

Issue: if the explicit ACK is sent on NPDCCH (layer 1) and/or NPDSCH (layer 2/3) is open. 

Discussion:

The following diagram shows the message sequence for a layer 1 ACK:

                                                        UE                





eNB
                  

                 UL data on PUR 

        NPDCCH => ACK using PC-RNTI


Figure 3: Layer 1 ACK 

The following diagram shows the message sequence for a layer 2 ACK:

                                                        UE                





eNB
                                                                

                PUSCH => PUR data 

        NPDCCH => DL GRANT using PC-RNTI


NPDSCH => RLC PUR ACK (encrypted)

NPUSCH => ACK

NPDCCH => UL GRANT using PC-RNTI


NPUSCH => RLC ACK (encrypted)


Figure 4: Layer 2 ACK 

It is assumed that the UE has been assigned a unique PC-RNTI.  Since there is no contention, the PC-RNTI used to send the layer 1 ACK in a DCI message is enough to indicate the successful reception of the PUR transmission – this is similar to RLC UM (unacknowledged mode). Using a layer 1 ACK would be the most efficient use of UE power and network resources thus this a layer 1 ACK should be supported.

RLC also supports AM (acknowledged mode) where a layer 2 ACK is required so support of a layer 2 ACK is also valuable but the decision to specify a Layer 2 ACK should be left to RAN2.

Proposal 9:   At least, a layer 1 explicit PUR ACK is supported.

· RAN2 can decide if a layer 2 PUR ACK is also supported 
3.1.3. Explicit NACK

Issue: Whether an explicit NACK is sent by the eNB upon unsuccessful decoding of a PUR transmission when the eNB does not want to initiate the HARQ process is an open issue. 
Option 1:  UL Grant or NACK

Option 2:  UL Grant or nothing

Discussion:

Option 1:  The UE will know quickly that the transmission failed and eNB doesn’t want to continue with HARQ and UE will either try with legacy methods of transmission or abort the transmission. This is the best option for UE power consumption and latency. The only downside being some additional resources are used to send the NACK but the sending of the NACK can be optional. If the NACK is sent but not decoded by the UE, then the UE will see “nothing” so the “nothing” scenario still needs to be handled by the UE.
Option 2: The UE will have to wait for a HARQ “time out” before declaring the transmission as failed which would delay transmission and increase UE power consumption.
Given the above discussion, the following proposal is made:

Proposal 10:   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 NPDCCH, or  

· an explicit NACK, or

· Nothing 

3.2. PUR Search Space Configuration

Issue: The following was agreed in RAN1 #95:
For dedicated PUR in idle mode, UL grant for HARQ retransmission is transmitted in search space

· FFS: Details on the search space (for example USS, CSS)

Issue: The design of the corresponding NPDCCH search space to recieve ACK/NACK, UL grant, or DL grant  is an  open RAN1 issue.

Discussion:

The parameters of the PUR search space should be included in the UE specific PUR configuration which will be sent before any PUR transmission can occur.  The PUR search space should be modeled after a USS. The RAN1 related parameters of the search space should at least include the RNTI, the carrier, the expected repetitions and aggregation levels, the scaling factor, and the starting subframe.  
Proposal 11:   The PUR search space configuration shall be included in the PUR configuration. The PUR search space configuration shall at least include: 

· RNTI, 

· NB-IOT carrier, 

· NPDCCH repetitions and aggregation levels, 

· Scaling factor, and 

· Starting subframe 

3.3. Fallback 

It was agreed that fallback is supported:

For UL transmission in preconfigured resource, fallback mechanism to RACH/EDT procedures is supported.

Issue : When should the UE execute the fallback mechanism is an open issue. The following events may cause the UE to fallback to legacy RA procedures:

· Invalid TA

· >X HARQ retransmission failures

· Directly signaled by Network e.g. NACK

· No HARQ feedback 

Discussion:

All of the above reasons are valid for the UE to initiate the fallback mechanism except the “>X HARQ retransmission failures” as this can be easily implemented using the “Directly signaled by Network” mechanism which would be more flexible than specify “X”. 

Proposal 12:   The UE will initiate the fallback mechanism, at least, when

· TA is Invalid TA, or

· Directly signalled by network e.g. explicit NACK, or

· No HARQ feedback 

3.4. PUR configuration update mechanisms

Issue:  Some companies have indicated that new mechanisms should be considered to update some of the PUR parameters in the configuration specially to combat changing coverage and changing TA. Mechanisms to dynamically and efficiently update the following PUR parameters should be studied:

· TA 

· UE TX Power Adjustment

· Repetition

· MCS

· Time and frequency resources

· Time offset 

· Number of PUR allocations

Others not precluded. Whether the update is done in the DCI or RRC can be considered.

Discussion:

There are three possible mechanisms which can be used to update the PUR configuration. 

Legacy RACH/EDT update in connected mode:   The advantage of this approach is that no new RAN1 agreements are needed but the down side is that it is not that efficient (i.e. takes a lot of signalling). The signalling here can be left for RAN2 to decide. 

New Simple 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 13:   No new random access methods to update PUR configuration shall be specified in Rel 16.

DCI carrying PUR ACK:  The DCI carrying the ACK or the RLC ACK (if sent) can contain PUR configuration updates. The advantage of this mechanism is that these mechanisms will already be specified and they are very efficient. This is especially good for items which can change quickly such as TA, and coverage related configuration parameters (e.g. TX power, MCS, repeats).  Most of these parameters are already included in a normal UL grant so the DCI size should not have to grow much over the UL grant. As mentioned there are two options: a layer 1 update mechanism or a layer 2 update mechanism.  This is linked to whether the PUR ACK is sent via layer 1 and/or layer 2. If a layer 1 PUR ACK is supported (which is proposed in this tdoc), then this mechanism can be used to update some parameters of the PUR configuration.   The following are the highest priority parameters as they would need to change when the UE moves:

· TA 

· UE TX Power Adjustment

· Repetition

· MCS

The remaining fields can be decided by RAN2. 
Given the above discussion, the following proposal is made:
Proposal 14:   The DCI carrying the PUR ACK shall include at least the following parameters

· Updated timing advance, and

· Updated UE TX Power adjustment, and

· Updated repetition, and

· Update number of RUs, and

· Updated MCS 

3.5. PUR Configuration

Issue: WRT to PUR configuration the following agreement was made:

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)

The list of parameters which need to be configured for each PUR configuration has not yet been agreed. Based on tdocs the following parameters have been suggested:

· number of repetitions 

· number of RUs (For subPRB allocation)

· frequency hopping indication, 

· number of PUR allocations

· number of PUR allocations that can be skipped

· Power control parameters

· TA validity procedure parameters 

· Search space parameters e.g. RNTI, mPDCCH narrowband location, mPDCCH repetitions and aggregation 

· DMRS assignment

· scrambling code

RAN2 is discussing some of these parameters in an email thread “[104#43][eMTC & NB-IoT R16] D-PUR” but many of the above parameters are RAN1 related so should be studied and decided by RAN1.
Discussion: 

The following parameters should be discussed by RAN2:

· number of PUR allocations

· number of PUR allocations that can be skipped

· Power control parameters

The following parameters have been discussed in previous areas of this document:

· TA validity procedure parameters 

· Search space parameters 

The following PUR configuration parameters will also be needed:

Proposal 15:   The PUR resource configuration includes at least the following 

· number of repetitions 

· number of RUs 

The following parameters maybe needed especially if CFS PUR is supported but more study is needed: 

· DMRS assignment

· scrambling code

3.6. Multi-TB Grant (MTBG)

Issue: Although the default position is that all features should work together unless otherwise stated – this section discusses what is needed to support MTBG with PUR.

Discussion: 

This feature would be useful, when the UE has more data to send than what can be sent in 1 TB.  This use case can also be supported if more than one PUR allocation per UE is supported. Given this feature has not been completed yet, it is difficult to determine the extent of specification impact to support MTBG with PUR but at least, the number of TB and additional Time/Frequency resources for the MTBG would need to be included in the PUR configuration. Given RAN2 has not yet decided how many PUR allocation per UE will be supported, the decision to support MTBG with PUR should wait until then. 

Observation 3:  The decision to support MTBG with PUR should wait until the MTBG feature and RAN2 PUR decisions have progressed further. 

4. CFS PUR – Contention-free Shared PUR

Issue: Support for CFS PUR is still FFS. 

Discussion: Assignment of a unique DMRS and a unique scrambling pattern would be needed to support CFS PUR. This can easily be added to the PUR configuration which should not require much specification work nor much UE implementation work.  Ideally, from a UE perspective, the UE should not be able to detect whether the eNB is using CFS PUR or dedicated PUR.  If this is all that is needed to support CFS PUR, then CFS PUR should be specified. 

Proposal 16:   The PUR resource configuration optionally includes the following 

· DMRS pattern

· Scrambling pattern

5. CBS PUR – Contention-Based Shared PUR

Issue: CBS PUR has not been agreed but it would be good to study what additional mechanisms will be needed to support CBS PUR beyond what is needed for Dedicated PUR. 
Discussion: A different configuration mechanism will be needed for CBS PUR, as the eNB will create shared PUR pools for UEs to share. After the shared PUR pool is communicated to a UE, the UE will then autonomously choose which resources to use from that pool, e.g. the TBS, the MCS, and the number of repeats. The configuration will be most efficiently signaled via broadcasted signalling possibly with some UE-specific signalling. The management of the pools is left for eNB implementation.  Like EDT, to avoid excess blind decoding, the eNB will need to restrict TBS, MCS and repeats that can be used by a UE. This is a big disadvantage of CBS PUR over CFS PUR and dedicated PUR.  

Unlike CFS and dedicated PUR, a unique RNTI can’t be assigned so a pool of RNTIs will need to be allocated to each shared PUR pool. 

The other big difference is that CBS PUR needs a contention resolution mechanism. This mechanism will ultimately look a lot like EDT where the layer 2 RLC ACK after PUR transmission resolves the contention. 

Observation 4:  Supporting CBS PUR will require many additional RAN1 agreement

Given, there are so many open issues with dedicated PUR, CBS PUR in Rel 16 should not be specified

Proposal 17:   CBS PUR is not specified in Rel 16. 

6. DL Data after PUR transmission

Issue: Beyond reception of the RLC ACK after PUR transmission, it is very common that DL application data is needed after an UL data transmission. For example, many user applications that send uplink data packets, usually expect a downlink application ACK.  If the UE needs to use the unoptimized legacy random-access procedures to receive the downlink application ACK, this may result in even more overhead than if the legacy connection procedure was used. Also, other LPWA protocols like LoRa, have an optimized mechanism to receive application ACKs after UL transmissions.  Thus, the development of the PUR feature should consider the use case of DL data after a PUR transmission.

Discussion: One solution is to allow the UE to be placed directly into a pseudo connected mode after the PUR transmission so that DL application data can be sent to it without the overhead of the legacy random-access process.  See message diagram below:


                                                                          

PUR Data



Application Data


DCI (ACK): PC-RNTI

… wait for DL data …




              Response (e.g. Application Ack)

DCI (DL Grant): PC-RNTI


Pseudo connected mode

Downlink Data

UCI (HARQ ACK)


Connection Release

Figure 5: DL Data after PUR transmission message diagram

Proposal 18:   The PUR configuration optionally includes the “Application Response Time” 
· Where the Application Response Time is the amount of time the UE continues to monitor the NPDCCH after the ACK is decoded 
· FFS: how eNB sets the Application Response Time
7. Connected mode support

The WID [1] objective states that pre-configured UL resources (PUR) can be supported in Connected Mode, but LTE-M already supports SPS which is a periodic pre-configured UL resource transmission mechanism thus no additional mechanism is needed and work on this should be de-prioritized. 

Proposal 19:   PUR transmissions in connected mode should not be specified in Rel 16.

8. Conclusions

Proposal 20:   In idle mode, the following TA validation attributes are NOT specified by RAN1:
· Neighbour cell NRSRP change 

· Subscription based UE information (e.g. Stationary indication in held in subscription)

· TDOA of >=2 eNBs

· TA Update History

Proposal 21:   The TA validation configuration shall be UE specific.  

Proposal 22:   The UE considers the TA as invalid if the serving cell changes

Proposal 23:   The TA validation configuration shall include “TA Validation Timer”
· Where the UE considers the TA as invalid if the (current time – time at last TA update) > the TA Validation Timer
· RAN2 shall specify the TA Validation Timer range 

Observation 5:  The change in NRSRP is highly dependent on the distance from the eNB

Proposal 24:   The ∆NRSRP_Threshold(s) should be UE specific.

Observation 6: The ∆NRSRP depends on whether the UE is moving towards or away from the eNB.

Proposal 25:   The TA is considered invalid if the following condition is not met (i.e. FALSE)
∆RSRP_ThNeg  < ∆RSRP  < ∆RSRP_ThPos

· Where ∆RSRP = (RSRP when TA was given) – (RSRP when the TA is evaluated)
Proposal 26:   The “∆RSRP_ThPos” and “∆RSRP_ThNeg” parameters shall either be calculated by the UE or be signalled to the UE 
Proposal 27:   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 NPDCCH (layer 1) and/or NPDSCH (layer 2/3)
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 NPDCCH, or  

· FFS: a NACK, or

· FFS: no explicit ACK

Proposal 28:   At least, a layer 1 explicit PUR ACK is supported.

· RAN2 can decide if a layer 2 PUR ACK is also supported 
Proposal 29:   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 NPDCCH, or  

· an explicit NACK, or

· Nothing 

Proposal 30:   The PUR search space configuration shall be included in the PUR configuration. The PUR search space configuration shall at least include: 

· RNTI, 

· NB-IOT carrier, 

· NPDCCH repetitions and aggregation levels, 

· Scaling factor, and 

· Starting subframe 
Proposal 31:   The UE will initiate the fallback mechanism, at least, when

· TA is Invalid TA, or

· Directly signalled by network e.g. explicit NACK, or

· No HARQ feedback 
Proposal 32:   No new random access methods to update PUR configuration shall be specified in Rel 16.

Proposal 33:   The DCI carrying the PUR ACK shall include at least the following parameters

· Updated timing advance, and

· Updated UE TX Power adjustment, and

· Updated repetition, and

· Update number of RUs, and

· Updated MCS 

Proposal 34:   The PUR resource configuration includes at least the following 

· number of repetitions 

Observation 7: The decision support of MTBG with PUR should wait until the MTBG feature and RAN2 PUR decisions have progressed further. 

Proposal 35:   The PUR resource configuration optionally includes the following 

· DMRS pattern

· Scrambling pattern

Observation 8: Supporting CBS PUR will require many additional RAN1 agreement

Proposal 36:   CBS PUR is not specified in Rel 16. 

Proposal 37:   The PUR configuration optionally includes the “Application Response Time” 
· Where the Application Response Time is the amount of time the UE continues to monitor the NPDCCH after the ACK is decoded 
· FFS: how eNB sets the Application Response Time
Proposal 38:   PUR transmissions in connected mode should not be specified in Rel 16.
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