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1. Introduction
The following Pre-configure resource (PUR) agreements were made in RAN1 #94:

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

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

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.

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 tdoc discusses the following design areas:

· Connected mode support

· High level procedures

· TA validation mechanism

· Shared and dedicated resources

· PUR Allocation
· Dedicated resources: Mandatory vs Optional Transmission

· HARQ for Dedicated PUR

· HARQ and Contention Resolution for Shared and dedicated resources

· DL Data after PUR transmission

2. Connected mode support
The WID 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: 
Pre-configured UL resource transmissions in connected mode should be deprioritized.

3. High level procedure

In general, the following steps are proposed for a PUR transmission:

· PUR feature is enabled

· PUR resources are signaled to UE 
· Obtain valid TA 

· For each UL transmission 

· Evaluate if TA is valid

· If TA is not valid

· Use legacy RACH procedures

· Obtain valid TA

· Else TA is valid

· Transmit data on PUR
· Optionally – get updated TA 

· Endif

· EndFor

Based on the above procedure, the following proposals can be made:

Proposals: 
High level PUR procedures:
· Higher layer signaling should enable/disable the pre-configured UL resources feature

· Pre-configured UL resources are signaled to the UE via higher layer signaling

· A UE should only transmit on pre-configured UL resources if its timing advance is valid otherwise the UE may perform legacy RACH procedures
· FFS: whether a new TA update procedure is specified

4. Timing Advance (TA) Validation Mechanism
As per the WID’s objective, PUR transmission should only be used by the UE when the UE has a valid timing advance therefore a mechanism to determine TA validity needs to be specified.  Also, there is an FFS from the RAN1 #94 agreements on a validation mechanism for TA: 
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

Assuming valid TA is when UE is within +/- 0.5 normal CP, then if the UE moved > ~700 meters, the TA would be invalid. Essentially, the validation mechanism for TA is a mechanism to detect UE movement of more than 700 meters. 
The following methods can be utilized in a validation mechanism for TA: 
Serving Cell Changes

If a UE changes serving cells while in idle mode, the TA obtained from the previous serving cell is invalid.
Small Cells
If a UE is connected to a small cell (i.e. cell provides coverage of e.g. <700m), the UE could assume the TA is valid while on that cell.  The eNB could indicate this via SI. 

Serving Cell Measurements

In release 14, RAN2 specified a relaxed monitoring feature (see [2]) where at a high level, the UE can stop neighbour cell measurements if the serving cell measurements have not changed by more than a configured threshold. This mechanism is designed to save UE power consumption for stationary UEs.  This is very similar to what is needed for the TA validation mechanism thus this proven mechanism can be re-used for TA validation with little technical risk. 

Neighbour Cell Measurements
Like serving cell measurements, the changes in the neighbour cell measurements can also be used to indicate movement and thus TA validity.
Time Out

Lastly, having a time out on the TA may also be useful to catch corner cases.

The above techniques can be used in combination.
Proposal:
At least the following techniques should be used by the UE to determine TA validity

· If the serving cell changes, the TA is invalid 

· An eNB may indicate TA is always valid within the serving cell area
· If the serving cell’s RSRP changes by > a threshold, the TA is invalid 

· If any neighbour cell RSRP changes by > a threshold, the TA is invalid

· If the time since the last TA update is > a threshold, the TA is invalid
· FFS values of thresholds

· Other methods not precluded

5. Shared and Dedicated PUR

As per the WID objectives, shared resources can be “discussed” but the decision whether to support shared resources is still open. This section discusses whether shared and/or dedicated resources should be supported. 

Dedicated PUR Considerations:

· Best suited for applications that have periodic transmissions of the same size
· Best for UE power consumption – exact TBS (no padding), no collisions, minimal signaling
· No need for eNB blind decoding

· Best for capacity – no collisions

· No need for contention resolution

Shared PUR Considerations:
· Best for applications that have a-periodic and non-deterministic data transmissions with different data packet sizes

· Shared resources are difficult to scale – under-allocated resources will result in frequent collisions where over allocated will result in a loss of spectral efficiency.  

· The periodicity of the shared resources may also be long such that a UE will have to wait a long time before transmitting which will increase message latency and increase UE power consumption 
· Collisions will cause UE power consumption and spectral efficiency degradation

· eNB requires blind decoding of TBS sizes and repeats which will increase eNB complexity 
· The limited TBS options will require UE to pad data which will cause UE power consumption degradation

· Contention resolution mechanism required
· Combining HARQ re-transmission may not be possible 
Proposal:
Dedicate PUR and shared PUR are supported

6. PUR Allocation
In section 3, it was proposed that pre-configured UL resources are assigned to the UE via higher layer signaling. This section discusses what attributes need to be preconfigured for both shared and dedicated resources. 
Dedicated PUR (contention-less):

The eNB will assign the dedicated PUR based on a UE’s request. The UE will request a TBS, periodicity, and time offset (e.g. 100 bytes, once an hour, at 15 min past the hour).  The eNB will then assign the precise SF timing, frequency, repetition, and MCS to the UE.  To allow the eNB to load balance, the eNB can autonomously apply a different time offset (e.g. UE requests 15min past the hour but gets 8min past the hour to avoid peaks at 15min). The MCS and repetition rates are determined by the eNB based on last known coverage conditions. Since channel conditions may change, an efficient mechanism to update at least the MCS and repetitions should be supported by including this in the DCI ACK.

Data Size: To avoid padding, the UE should be able to request any valid TBS from the existing TBS table. 

Period: Since IoT applications have very diverse transmission patterns, a very wide range of periodicity should be supported in Idle Mode e.g. once per second to once per 24hrs. 

Time Offset: As mentioned, to allow load balancing, the eNB may change the requested time-offset. If the time-offset allocated to the UE is unacceptable, the UE can choose to use legacy methods. 
For simplicity, there should be a 1:1 mapping of transport blocks to PUR configurations – i.e. multiple TBs per PUR configuration should NOT be supported. However, multiple PUR configurations per UE should be supported to allow support of multiple TBs.  If the UE requests a similar periodicity, the eNB should try to schedule the pre-configure UL transmission close in time but not colliding to save on UE battery life. 
Proposal: 
For dedicated PUR

· The eNB assigns the PUR based on a UE’s request which at least includes: TBS, periodicity, and time offset. 
· The PUR allocation contains at least frequency hopping, TBS, time (period and offset), frequency (including sub-PRB), repetitions, and MSC format

· FFS: new MCS and repeats update mechanism
· A UE may request more than one PUR configuration
Shared PUR (contention based):

For Shared PUR, the eNB will create pools of PUR for UEs to share so collisions are possible. The configuration of the shared PUR pools will be signaled to a UE via higher layer signalling which may be partially broadcasted and partially UE specific – this is left for RAN2 to decide. The periodicity and size of the pool are left for eNB implementation.  Like EDT, to avoid excess blind decoding the eNB may also restrict TBS, MCS and repeats that can be used by a UE.  A UE may be enabled to use multiple shared PUR pools.  After the shared PUR pool is communicated to a UE, it will then autonomously choose which resources to use from the pool, the TBS, the MCS, and the number of repeats.
Proposal: 
For shared PUR

· The PUR allocation contains at least frequency hopping, time (period and offset) options, frequency (including sub-PRB) options, TBS options, MCS options, and repetition options
· Before a PUR transmission, the UE autonomously chooses which time/frequency resource, TBS, and repetition option to use

· A UE may request to use more than one shared PUR pool 
7. Dedicated Resources: Mandatory or Optional Transmission
For legacy Connected Mode SPS, even if the UE doesn’t have any data to send, the UE must still transmit a zero padded packet at every PUR. For IoT applications, which are battery power constrained, this is not ideal. But if a UE is NOT mandated to transmit on every PUR, the UE may request more resources than it really needs (i.e. a UE requests a PUR for every 10 seconds but only transmits every 1 hour). This would be very spectrally inefficient. The charging policy should be to charge UEs whether they use the PUR or not - this would be the case if transmission was mandated or not. This charging policy should deter UE’s from oversubscribing PUR.  An LS to RAN3 may be needed for them to ensure CDR (call data records) are generated correctly for PUR.  Also, a clean-up mechanism to deallocate PUR resources after X missed transmissions so for UEs that go out of coverage, break, or lose power, they do not continue to be charged for that data – RAN2 can specify details.
Proposal:
For dedicated PUR, the UE is not mandated transmit 

· Send LS to RAN3 to specify PUR charging 

· Send LS to RAN2 to specify a PUR clean-up mechanism 

8. HARQ for Dedicated PUR

Assuming the UE is NOT mandated to transmit on every PUR, the following HARQ scenarios exist with the proposed resulting eNB action:

1. UE transmits on PUR and eNB detects transmission and successfully decodes data 

eNB sends ACK on MPDCCH
2. UE transmits on PUR and eNB detects transmission, but CRC fails 

eNB triggers re-transmission by sending an UL GRANT with NDI=false on MPDCCH
UE(s) sends re-transmission based on UL Grant and eNB can combine results
3. UE transmits on PUR and eNB does not detect transmission 

eNB sends nothing

UE uses legacy RACH or waits for next PUR and retries PUR TX 
4. UE doesn’t transmit on PUR and eNB correctly determines UE did not transmit
eNB sends nothing

5. UE doesn’t transmit on PUR but eNB incorrectly detects transmission, but CRC fails
eNB triggers erroneously re-transmission by sending an UL GRANT with NDI=false
UE ignores grant

eNB hopefully correctly determines UE did not transmit on UL grant
RNTI: The ACK/NACK and UL grants in the above procedure will need a unique RNTI. Given the UE is in idle mode, there is normally no RNTI assigned. One solution is to assign an RNTI during PUR configuration procedure – hereafter referred to as a pre-configured RNTI or PC-RNTI. If the time and frequency MPDCCH resources do not overlap, one PC-RNTI can be used for all dedicated PUR. The number of required unique PC-RNTIs will depend on several factors such as the number of supported UEs, the reservation time interval, and the number of DCI frequency resources available.  From example, if… 
· UE needs a PUR once every 24 hrs

· System BW is 10MHz => 4 non-overlapping MPDCCH channels 

· PC-RNTI Reservation Time = 50ms time (i.e. time PC-RNTI is reserved). 

With 1 PC-RNTI, the system could support 6.9 million users (24*3600*4/0.05).
This is very scalable however, if more scalability is required, it is also possible to add a field to the DCI message to extend the RNTI i.e. a PC-RNTIBis. The DCI would be a different format for PUR and would only need to support UL Grant or ACK so there is no risk of increasing UE blind decoding on MPDCCH or increasing the size of other DCI messages. The details of this can be left for RAN2. 

                                                                          

UL data on PUR 

DCI (ACK,PC-RNTIbis) : PC-RNTI
DCI may also include TA and PUR update

Figure 1: Dedicated PUR HARQ Diagram using PC-RNTI 
The main advantage of using a unique PC-RNTI is that HARQ combining can be supported at the physical layer. If a shared PC-RNTI is used, the ACKs, NACKs, and UL GRANTS need to be sent as RLC message (i.e. there would be no physical layer feedback).  In addition, the above method does not require any additional DL grant and DL RLC msg on the PDSCH because there is no need for contention resolution.  This saves DL resources and UE power consumption as it allows the UE to go to idle mode quicker. For these reasons, the UE should have a unique PC-RNTI assigned.
Proposal:
For HARQ with dedicated PUR,
· Via high level signalling, the UE is assigned a unique pre-configured RNTI (PC-RNTI) 

· On successful decoding of a PUR transmission, the UE can expect an ACK on MPDCCH using PC-RNTI 
· On unsuccessful decoding of a PUR transmission, a UE can expect an UL GRANT with NDI=false on MPDCCH using PC-RNTI specifying the HARQ re-transmission
· If no transmission is detected by the eNB, the eNB does not transmit anything on MPDCCH 

9. HARQ and Contention Resolution for Shared PUR
The HARQ and contention resolution for shared PUR is more complex than for dedicated resources. Two methods were discussed: Unique PC-RNTI Method and Shared PC-RNTI method

Unique PC-RNTI method:  Each UE that will use a shared pool would be pre-assigned a unique PC-RNTI.  In this case, connection resolution is very simple and follows the same HARQ process as dedicated PUR. The PC-RNTI only needs to be unique within the shared PUR pool i.e. the PC-RNTIs can be re-used with different shared PUR pools – like the case of dedicated PC-RNTI. If the shared PUR pool is small and the number of UEs assigned to the pool is small, then only a small number of PC-RNTIs will be needed. The disadvantage of this method is that if the number of UEs accessing the pool is large, this will use more RNTIs.  One solution mentioned above to overcome this scalability, is to add a new field (i.e. PC-RNTIBis) to the DCI to extend the RNTI range. 

                                                                          

UL data on PUR 

DCI (ACK, PC-RNTIBis) : PC-RNTI
DCI may also include TA and PUR update
Figure 2: Share PUR HARQ Diagram using Unique PC-RNTI 
The 5 HARQ scenarios and high-level procedures from section 8 on dedicated PUR apply here for Shared PUR.
Share PC-RNTI:  In this case, the PC-RNTI would be chosen by the UE from a pool of PC-RNTIs. The UE may calculate the PC-RNTI based on a the randomly chosen UL time/frequency resources, like how PA-RNTI is calculated. With this method, there is a 1:1 mapping of UL resources to PC-RNTI so PC-RNTIs would only collide if another UE picked the same time/frequency resource which also means the UL data transmission will also collide.  In this case, the PC-RNTI doesn’t help in contention resolution so an extra step is needed. The extra step is to send a DL message after the ACK which contains a large unique ID (e.g. T-IMSI or resume ID), see figure below: 

                                                                          

UL data (UE ID)

DCI (DL Grant): PC-RNTI

RLC ACK Msg with UE ID (e.g.T-IMSI/Resume ID)

UCI (HARQ ACK)


Figure 3: Share PUR ACK HARQ Diagram using shared PC-RNTI

                                                                          

UL data (UE ID)

DCI (NACK: PC-RNTI)

UE must re-select PUR and re-start transmission
Figure 4: Share PUR NACK HARQ Diagram using shared PC-RNTI
The main downside to this method is that HARQ re-combining will not be possible. If a UE gets a NACK it must re-select different resources from the shared PUR pool and send again. In addition, this process requires more steps which decreases spectral efficiency and decreases UE battery life. The advantage is that fewer PC-RNTIs are needed but there still needs to be at least one for every unique resource in the shared PUR pool. 
Given UE power consumption is the main driver behind this feature and that the shared PC-RNTI method doesn’t support HARQ re-combining, using the unique PC-RNTI’s method with possible expansion using a DCI field should be considered.
Proposal: 
For shared PUR, continue to study using a unique PC-RNTI or shared PC-RNTI for HARQ and contention resolution

10. DL Data after PUR transmission
It is very common that DL 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 ACKs after UL transmissions.  Thus, the development of the PUR feature should consider the use case of DL data after a PUR transmission.

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


                                                                          

UL data  (msg1)
DCI (ACK): PC-RNTI
Wait for DL data
DCI (DL Grant): PC-RNTI
Downlink Data

UCI (HARQ ACK)


Figure 5: DL Data after PUR transmission message diagram
Proposal: 
PUR feature should consider optimizing the use case of DL data after the PUR transmission.
11. Conclusions
Proposal: 
Pre-configured UL resource transmissions in connected mode should be deprioritized.

Proposals: 
High level PUR procedures:
· Higher layer signaling should enable/disable the pre-configured UL resources feature

· Pre-configured UL resources are signaled to the UE via higher layer signaling

· A UE should only transmit on pre-configured UL resources if its timing advance is valid otherwise the UE may perform legacy RACH procedures
· FFS: whether a new TA update procedure is specified

Proposal:
At least the following techniques should be used by the UE to determine TA validity

· If the serving cell changes, the TA is invalid 

· An eNB may indicate TA is always valid within the serving cell area
· If the serving cell’s RSRP changes by > a threshold, the TA is invalid 

· If any neighbour cell RSRP changes by > a threshold, the TA is invalid

· If the time since the last TA update is > a threshold, the TA is invalid
· FFS values of thresholds

· Other methods not precluded

Proposal:
Dedicate PUR and shared PUR are supported

Proposal: 
For dedicated PUR

· The eNB assigns the PUR based on a UE’s request which at least includes: TBS, periodicity, and time offset. 
· The PUR allocation contains at least frequency hopping, TBS, time (period and offset), frequency (including sub-PRB), repetitions, and MSC format

· FFS: new MCS and repeats update mechanism
· A UE may request more than one PUR configuration
Proposal: 
For shared PUR

· The PUR allocation contains at least frequency hopping, time (period and offset) options, frequency (including sub-PRB) options, TBS options, MCS options, and repetition options
· Before a PUR transmission, the UE autonomously chooses which time/frequency resource, TBS, and repetition option to use

· A UE may request to use more than one shared PUR pool 
Proposal:
For dedicated PUR, the UE is not mandated transmit 

· Send LS to RAN3 to specify PUR charging 

· Send LS to RAN2 to specify a PUR clean-up mechanism 

Proposal:
For HARQ with dedicated PUR,
· Via high level signalling, the UE is assigned a unique pre-configured RNTI (PC-RNTI) 

· On successful decoding of a PUR transmission, the UE can expect an ACK on MPDCCH using PC-RNTI 
· On unsuccessful decoding of a PUR transmission, a UE can expect an UL GRANT with NDI=false on MPDCCH using PC-RNTI specifying the HARQ re-transmission
· If no transmission is detected by the eNB, the eNB does not transmit anything on MPDCCH 

Proposal: 
For shared PUR, continue to study using a unique PC-RNTI or shared PC-RNTI for HARQ and contention resolution

Proposal: 
PUR feature should consider optimizing the use case of DL data after the PUR transmission.
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