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1. Introduction

This tdoc discusses the following open design issues:

· TA validation mechanism using RSRP

· PUR Search Space

· RNTI L1 requirements 

· DCI design of ACK message
· Other Phy parameters needed in PUR Configuration

· Search space 
· Legacy DMRS pattern 

· Power control 

· PUR configuration update

This tdoc discusses the following open use cases:

· CBS PUR support

· Connected mode support

2. Timing Advance (TA) Validation using RSRP
Several RAN1 agreements were made in RAN1 #96 which closed several aspects of TA validation design including how the Time Alignment timer and Serving cell changes affect TA validity. 

In idle mode, a UE can be configured such that TA is always valid within a given cell.

· FFS: up to RAN2 how to implement e.g. PUR Time Alignment Timer = infinity

When the UE is configured to use several TA validation criteria, the TA is valid only when all the configured TA validation criteria are satisfied.
In idle mode, the TA validation configuration can include “PUR Time Alignment Timer”

· Where the UE considers the TA as invalid if the (current time – time at last TA update) > the PUR Time Alignment Timer

· Details on how to specify the “PUR Time Alignment Timer” is up to RAN2  

In idle mode, when the UE validates TA, the UE considers the TA for the previous serving cell as invalid if the serving cell changes

· Above applies for the case where the UE is configured to use the serving cell change attribute

How the service cell RSRP changes are used to validate TA is still open and how the parameters for evaluation will be signaled are still open. This tdoc discusses those two aspects.
2.1. RSRP Validation Equation
The simple way to use RSRP is to compare the “∆RSRP_Measured” with a pre-defined threshold “∆RSRP_Threshold” as follows:

abs(∆RSRP_Measured)  > ∆RSRP_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: ∆RSRP 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 RSRP 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(∆RSRP_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 RSRP vs different initial distances from the eNB.
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	Figure 1. ∆RSRP vs distance from the eNB for a UE moving 705m away from eNB  


This dependency of the change in RSRSP 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 [1].

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

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

Proposal 1:   The ∆RSRP_Threshold(s) should be UE specific.

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

The other issue with the approach described in Eq. 1 is that abs(∆RSRP_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(∆RSRP_Measured) between a UE going towards and away from the eNB.
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Figure 2. abs(∆RSRP_measured) vs distance from eNB for a UE moving 705m towards and away from eNB  

Observation 2: The ∆RSRP 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 ∆RSRP_Measured is calculated as:

                ∆RSRP_Measured  = (RSRP when TA was given) – (RSRP when the TA is evaluated)

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

∆RSRP_ThNeg  < ∆RSRP_Measured  < ∆RSRP_ThPos

Eq. 3
If the condition is not met (i.e. FALSE), then the TA is not valid.  
Proposal 2:   The TA is considered invalid if the following condition is not met (i.e. is FALSE)

∆RSRP_ThNeg  < ∆RSRP  < ∆RSRP_ThPos

· Where ∆RSRP = (RSRP when TA was given) – (RSRP when the TA is evaluated)

2.2. Signaling Thresholds Options

There are at least three options of how the UE is to obtain the two thresholds  ∆RSRP_ThNeg and ∆RSRP_ThPos:

· Signaled to the UE when the TA is updated, or

· Calculated based on an equation, or 

· Calculated based on a table.

Option 1 - Signaled to the UE when the TA is updated

This is the most flexible option but would require the most signaling because each time the TA is updated, the thresholds would need to be updated. This update could be in the new PUR ACK or in L2 signaling. Given the TA is likely to be updated often, using L2 signalling would use a lot of network resources and UE power consumption so the only viable option would be to have this in the PUR ACK but there is a risk there isn’t enough spare bits since the thresholds need 4-5 bits each (total 8-10 bits) so RAN1 would need to progress the PUR ACK DCI design before we know if this is possible.

Option 2 - Calculated based on an equation

This option requires much signalling since the UE is calculating the threshold based on the TA.  Signalling to indicate the parameters of the equation is still required. However, this signalling would only be sent once likely during the PUR is configured (which will be rare compared to the TA updates). This method would require 3GPP to agree on a flexible equation and parameters for the UE to use.   
One possible equation could be based on theoretical path loss equations. Almost all path loss equations have the following general form (from [1]):

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


Observation 3: Path loss equations can be written in the general form “k log10(di) + X” 

Hence, 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

Observation 4: RSRP Thresholds can be calculated as 

· ∆RSRP_ThPos = k (log10(di+ MaxAllowed∆d)- log10(di))
· ∆RSRP_ThNeg = k (log10(di- MaxAllowed∆d)- log10(di))
Option 3 - Calculated based on a 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 Function1 and Function2 which the UE used to calculate the thresholds:

∆RSRP_ThPos =  Function1(Timing Advance) 
∆RSRP_ThNeg = Function2(Timing Advance) 

For this approach, the following things would still need to further study:

· Linear or non-linear interpolation 
· Number of table entries
More study is required to determine which of the options are specified but a down selection could be useful now.  Given the above discussion, the following proposal is made:
Proposal 3:   The “∆RSRP_ThPos” and “∆RSRP_ThNeg” parameters shall be 
· Signaled to the UE when the TA is updated, or

· Calculated based on an equation where the parameters of the equation are signaled, or 

· Calculated based on a table where the table entries are signaled to the UE.
3. PUR Configuration

Several agreements were made WRT the PUR configuration at RAN1 #96:

For dedicated PUR, in idle mode, the PUR resource configuration includes at least the following 

· Time domain resources including periodicity(s) 

· Note: also includes number of repetitions, number of RUs, starting position

· Frequency domain resources

· TBS(s)/MCS(s)

· Power control parameters

· Legacy DMRS pattern

For dedicated PUR in idle mode, the PUR resource configuration includes at least the following 

· A PUSCH frequency hopping indication to enable or disable legacy frequency hopping

For dedicated PUR in idle mode, the PUR search space configuration shall be included in the PUR configuration.

· PUR search space is the search space where UE monitors for MPDCCH

· FFS: Whether PUR search space is common or UE specific

The following fields need more specify:

· Power Control parameters

· PUR search space
· Legacy DMRS pattern

3.1. Legacy DRMS pattern

It was agreed that the PUR configuration shall include 
· Legacy DMRS pattern

Issue: How the legacy DMRS pattern is configured is still open.

It is recommended the legacy DRMS pattern is configured using the legacy cyclicShift[0-7] parameter defined in TS 36.211 in table 5.5.2.1.1-2. 
Proposal 4:   The legacy DMRS pattern in the PUR configuration is one of the eight cyclicShift values defined in TS 36.211 in table 5.5.2.1.1-2. 
3.2. PUR Search Space Configuration
In addition to the above agreements, the following more specific search space configuration agreement was made:
In idle mode, the PUR search space configuration includes at least the following: 

· MPDCCH narrowband location 

· MPDCCH repetitions and aggregation levels 

· MPDCCH starting subframe periodicity (variable G)

· Starting subframe position (alpha_offset)

If the RNTI is included in the PUR configuration is still open and is left for RAN2 to decide but RAN1 can set some requirements on the RNTI for RAN2. 

Shared RNTI: 
It has not been agreed if the RNTI is shared or unique to the UE. If the RNTI is shared then the L1 ACK after the PUR transmission can’t be used for contention resolution and further L2 signalling would always be required to resolve the contention (i.e. like EDT) which would use more network resources and more UE power. Thus it is proposed the RNTI is not shared between other UEs. 
Proposal 5:   The UE can assume the RNTI for the PUR search space is not shared with other UEs
· Note: it is up to RAN2 to decide how the RNTI is signaled to UE

Length of search space:

There was no consensus in RAN1 to support an explicit NACK, so the UE may only know to fallback and use legacy RACH when it doesn’t decode a PUR ACK or UL grant within a certain duration after the PUR transmission. This duration should be as short as possible to reduce UE power and to reduce message latency.  The duration should be in the order of one to three HARQ cycles (i.e. 10-30ms). Since this duration may depend on eNB implementation preferences, this could be a useful to include in the PUR search space configuration. 
Proposal 6:   The PUR search space configuration includes at least the following: 

· Duration of search space 

3.3. Power control parameters

At least, the UL transmit power for the PUR transmission should be included in the PUR configuration: 
Proposal 7:   The power control parameters within the PUR configuration, shall at least include:

· UL power for the PUR transmission

4. PUR ACK DCI Design
RAN1 made the agreement that a L1 ACK is supported:

For dedicated PUR in idle mode, the Dedicated PUR ACK is at least sent on MPDCCH 

· RAN2 can decide if a higher layer PUR ACK is also supported

In Rel 15, a layer 1 ACK was specified in DCI format 6-0A/B when the Resource block assignment field is set to all ones, and all the remaining bits except Flag format 6-0A/format 6-1A differentiation and DCI subframe repetition number are set to zero.  This ACK could be use for the PUR ACK but there would then be virtually no room for any additional information in the PUR ACK.  
Observation 5: Re-using the Rel15 ACK format would leave virtually no room for addition information

The following list of L1 information in the ACK could be useful:

· TA 

· Repetition 

· TX Power

· RSRP Thresholds for TA validation
The following list of higher layer information in the ACK could be also be useful:

· Continue to monitor MPDCCH after ACK 

· PUR allocation continued or revoked
Given there are several useful parameters which could be included the L1 PUR ACK, and that designing and implementing a new DCI ACK is not much work, a new DCI ACK should be designed.

Proposal 8:   A new PUR DCI ACK should be designed

One proposal made online at the last RAN1 meeting was the HARQ ID could used to differentiate between a PUR ACK and UL Grant. For example, HARQ ID=0 could indicate a PUR ACK, else it would indicate an UL grant. The NDI could also be used since the UE would not expect any UL grants for new data after a PUR transmission. For example, NDI=1 could indicated a PUR ACK and NDI=0 could indicate an UL grant.  Since the NDI field is smaller than HARQ ID field, this is a better choice.
Proposal 9:   The NDI field in format 6-0A/B can be used to indicate if the DCI is a PUR ACK or an UL Grant
Assuming format 6-0B, using the NDI field method to indicate a PUR ACK, the PUR ACK will allow all of the following fields to be re-purposed for additional data mentioned above:
· PRB assignment – 3 bits
· Repetition number – 3 bits
· MCS – 4 bits
· HARQ process number – 1 bits
· Redundancy version – 2 bits
· DCI subframe repetition number - 2 bits
Total = 15
Observation 6: For CE mode B, up to 15 bits in the PUR ACK could be re-purposed.
5. PUR configuration update
At the last RAN1 meeting, the following agreement was made WRT PUR configuration update: 

In idle mode, at least the following PUR configurations and PUR parameters may be updated after a PUR transmission:

· Timing advance adjustment 

· UE TX power adjustment

· FFS: Repetition adjustment for PUSCH

FFS: Whether the above update is done in L1 and/or higher layer
Discussion L1 vs Higher layer reconfiguration:  

The following message diagram gives an example of L1 reconfiguration:

                                                        UE                





eNB
                  

PUSCH => PUR data 

        mPDCCH => ACK with re-config

Figure 3: Layer 1 Re- configuration
The following message diagram gives an example of higher layer reconfiguration:

                                                        UE                





eNB
                                                                

                PUSCH => PUR data 

        mPDCCH => ACK


        mPDCCH => DL GRANT


PDSCH => RRC PUR ACK with re-config
PUCCH => ACK

mPDCCH => UL GRANT


PUSCH => RRC ACK (encrypted)


Figure 4: Higher Layer Re-configuration
If the UE and NW support the new Rel15 Quick Release feature which allows the UE to return to idle after sending the L1 ACK on the PUCCH, the message diagram simplifies to this:

                                                        UE                





eNB
                                                                

                PUSCH => PUR data 

        mPDCCH => DL GRANT


PDSCH => RRC PUR ACK with re-config
PUCCH => ACK

Figure 4b: Higher Layer Re-configuration with Quick Release
The follow relative power consumption between L1 ACK vs L2 ACK using Quick Release has been calculated assuming the PUR TBS is less than the max TBS supported (i.e. <2536 bits) for different coverage levels and different message intervals (see appendix 1 for other assumptions):
	
	 
	PUR only
	15 min
	30 min
	2 Hr
	24 Hr
	

	
	No Repeats
	261%
	33%
	20%
	6%
	1%
	

	
	Max CE Mode A Repeats
	34%
	21%
	19%
	10%
	1%
	


Table 1: Power consumption between L1 ACK vs L2 ACK with Quick Release
The “PUR only” column considers only the power comparison of the D-PUR transactions (i.e. does not include power for synchronization or sleep).  The other columns (e.g. 15 min, 30 min, 2 Hr and 24 Hr) take into account the contribution of power used in deep sleep (i.e. PSM mode) between D-PUR transactions, and the power needed to re-synchronize (i.e. read PSS/SSS and MIB). 
The “PUR only” results shows that the L2 ACK requires significantly more power in both good and bad coverage cases.  When there is a long interval between messages, the power consumption is dominated by the deep sleep current which is why the performance difference reduces for larger message intervals.  The calculation assumed the current state of the art in the industry for the deep sleep current but this is expected to drop over time and also implementations that use an external dedicate power switch will have much lower deep sleep currents than used in this calculation.  With lower deep sleep currents expected in the future, the performance improvement for the L1 ACK will be higher than those presented in the table above. 
Based on the above figures and power consumption analysis:
Observation 7: L1 signalling for re-configuration uses fewer network resources and less UE power than higher layer signalling

However, the size of the DCI is limited to the size of an UL grant so not all items can be re-configured by L1 signalling.  Given that there is virtually no limit on the size of the higher layer signalling, any PUR configuration parameters could be updated but what is re-configurable via higher layer methods should be left for RAN2 to decide. RAN1 should only decide what is re-configurable via L1 methods. 
Observation 8:  RAN1 should choose the most commonly updated parameters to update via L1 PUR ACK.

Parameters to update via L1:
Since PUR supports low mobility use cases, parameters which change due to coverage would be most frequently updated which include the following:

· Timing advance adjustment – 2 bits
· PUSCH Repetition adjustment – 2 bits

· UE TX power adjustment – 2 bits
The above field sizes are chosen since only adjustments are needed. The above only uses 6 bits of the 15 bits available in the PUR ACK. 

Proposal 10:   The PUR ACK should at least contain the following fields:

· Timing advance adjustment – 2 bits. FFS: amount of adjustment per bit

· UE TX power adjustment – 2 bits

· PUSCH Repetition adjustment – 2 bits

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

7. 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. 

Given, there are so many open issues with dedicated PUR, CBS PUR in Rel 16 should not be specified.
Proposal 11:   CBS PUR is not specified in Rel 16. 

8. 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 12:   PUR transmissions in connected mode is not specified in Rel 16.

9. Conclusions

Observation 10: The change in RSRP is highly dependent on the distance from the eNB

Proposal 13:   The ∆RSRP_Threshold(s) should be UE specific.
Observation 11: The ∆RSRP depends on whether the UE is moving towards or away from the eNB.

Proposal 14:   The TA is considered invalid if the following condition is not met (i.e. is FALSE)

∆RSRP_ThNeg  < ∆RSRP  < ∆RSRP_ThPos

· Where ∆RSRP = (RSRP when TA was given) – (RSRP when the TA is evaluated)

Observation 12: Path loss equations can be written in the general form “k log10(di) + X” 

Observation 13: RSRP Thresholds can be calculated as 

· ∆RSRP_ThPos = k (log10(di+ MaxAllowed∆d)- log10(di))

· ∆RSRP_ThNeg = k (log10(di- MaxAllowed∆d)- log10(di))

Proposal 15:   The “∆RSRP_ThPos” and “∆RSRP_ThNeg” parameters shall be 

· Signaled to the UE when the TA is updated, or

· Calculated based on an equation where the parameters of the equation are signaled, or 

· Calculated based on a table where the table entries are signaled to the UE.

Proposal 16:   The legacy DMRS pattern in the PUR configuration is one of the eight cyclicShift values defined in TS 36.211 in table 5.5.2.1.1-2. 

Proposal 17:   The UE can assume the RNTI for the PUR search space is not shared with other UEs
· Note: it is up to RAN2 to decide how the RNTI is signaled to UE

Proposal 18:   The PUR search space configuration includes at least the following: 

· Duration of search space 

Proposal 19:   The power control parameters within the PUR configuration, shall at least include:

· UL power for the PUR transmission

Observation 14: Re-using the Rel15 ACK format would leave virtually no room for addition information

Proposal 20:   A new PUR DCI ACK should be designed

Proposal 21:   The NDI field in format 6-0A/B can be used to indicate if the DCI is a PUR ACK or an UL Grant
Observation 15: For CE mode B, up to 15 bits in the PUR ACK could be re-purposed for PUR re-configuration.

Observation 16: L1 signalling for re-configuration uses fewer network resources and less UE power than higher layer signalling

Observation 17: RAN1 should choose the most commonly updated parameters to update via L1 PUR ACK.

Proposal 22:   The PUR ACK should at least contain the following fields:

· Timing advance adjustment – 2 bits. FFS: amount of adjustment per bit

· UE TX power adjustment – 2 bits

· PUSCH Repetition adjustment – 2 bits

Observation 18: The decision to support MTBG with PUR should wait until the MTBG feature and RAN2 PUR decisions have progressed further. 

Proposal 23:   CBS PUR is not specified in Rel 16. 

Proposal 24:   PUR transmissions in connected mode is not specified in Rel 16.
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Appendix I: Power Consumption Evaluation assumptions
	RX Power
	80

	Deep Sleep
	0.005

	TX Power
	575


