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1. Introduction

This tdoc discusses the following open design issues:
· UE/eNB Synchronization 

· Details of time period when UE Rx nothing

· L1 Ack Design

· PUR Search Space Candidates

· No UL data procedure

· NRSRP Threshold Signalling
· Potential PUR enhancements

2. Details of “time period” when UE Rx nothing

Issue: The following agreement was made last RAN1 meeting:
After data transmission on PUR, if nothing is received by the UE in a time period, the UE shall fallback to legacy RACH/EDT procedure.

· FFS: Details on time period

FFS: Details on time period
Discussion: The time period can simply be the already agreed PUR Search space window. There is no way to add “gaps” in the time period because RAN2 has already agreed that the UE will go to idle after the L1 ACK so L1 ACK can’t include any indication of a gap.

Proposal 1:   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.
3. UE/eNB Synchronization 

Issue: RAN2 has agreed that the allowed number of skipped PUR transmission is configurable and after this number is exceed, the PUR configuration is implicitly released. If the eNB erroneously misses the detection of PUR transmission, the eNB will erroneously increment the missed PUR count where the UE would not which will lead to synchronization issues where the UE will erroneously transmit on a release PUR configuration. Part of the solution was decided last meeting where the UE SHALL initiate an EDT or legacy RACH procedure after it receives nothing after a PUR transmission:

After data transmission on PUR, if nothing is received by the UE in a time period, the UE shall fallback to legacy RACH/EDT procedure.

· FFS: Details on time period

But the above agreement is only part of the solution.

Also note, that if it is agreed to include information in the L1 ACK, this synchronization issue also applies.

Discussion: To complete the solution, RAN1 must now also agree that the UE must NOT do any further transmission the PUR allocations until it re-synchronizes with eNB. 

Proposal 2:   After transmission on PUR, if nothing is received by the UE in a time period, the UE shall NOT initiate any PUR transmissions until a PUR re-synchronization procedure is complete:

· PUR Re-synchronization occurs in RRC connected mode.
· The parameters and detailed procedures for PUR re-synchronized are left for RAN2 to decide
4. L1 ACK Design

4.1. Explicit indication for fallback
The following agreement was made at the last RAN1 meeting:

After data transmission on PUR, the UE may expect an explicit indication on MPDCCH for fallback to EDT or RACH

Where the indication is has not been decide but it make sense to put it in the same DCI message as the ACK.

Proposal 3:   The explicitly indication for fallback to EDT or RACH on MPDCCH is included in the L1 ACK  DCI and when set, indicates the PUR transmission is not acknowledged.
4.2. UE Procedure after ACK
Last RAN1 meeting the follow options for UE behaviour after ACK were discussed:

· Option 1: UE goes directly to idle 

· Option 2: UE continues to monitor the PUR SS Window until the end then goes to idle
· Option 3: Depends on L1 ACK info
However, RAN2 made the following agreement:
If RRC response message is not needed, eNB may send L1 ACK to acknowledge the PUR transmission in UL. The L1 ACK concludes the PUR procedure and UE moves to Idle
The above RAN2 agreement appears to have chosen option 1 thus this issue is closed.
4.3. Additional ACK/NACK Contents

The following agreements has been made in RAN1 last meeting:

The dedicated PUR ACK DCI at least allows for indicating implicitly or explicitly that the current PUR monitoring is terminated 

· FFS: The dedicated PUR ACK DCI at least allows for indicating whether the UE continues monitoring the PUR search space after a gap (whether the gap is always zero or it can be zero)

RAN1 will downselect among the following indications for PUR L1 ACK in RAN1#98bis

· Timing advance adjustment (including TA adjustment of 0)

· UE TX power adjustment 

· NPUSCH repetition adjustment

· Indication of PUR SS monitoring termination

· Flag to indicate L1 ACK

· None of the above (i.e. the legacy L1 ACK will be reused)

Note: No new indications will be considered.
Timing advance adjustment:
Since TA adjustments may be made regularly, it is worth having the TA adjustment in the L1 Ack for the cases were RRC signaling is not needed. 

UE TX power adjustment:

The following agreements have been made WRT to TX power:

· For PUR transmissions in a PUR allocation, the TX power is at least based on the estimated path loss and the configured Target UL Power Level (P_0).

· FFS:  if other power control parameters beyond Target UL Power Level (P_0) are needed (e.g. ramping step)

· For PUR HARQ re-transmissions in CE mode A, the TPC field in the UL grant is used to adjust the TX power

· FFS for CE mode B

· FFS whether to reset the TPC accumulation mechanism for every initial PUR transmission

· FFS:  if other power control parameters beyond Target UL Power Level (P_0) are needed (e.g. ramping step)

Given coverage level change even for stationary UEs, having the ability to adjust the Target UL Power Level (P_0) win the L1 ACK will improve UE power consumption and spectral efficiency.
NPUSCH repetition adjustment
Given coverage level change even for stationary UEs, having the ability to adjust the number of NPUSCH repetitions will improve UE power consumption and spectral efficiency. Given there is a mechanism already agreed to ensure UE and eNB do not get out of sync, the L1 ACK can include the NPUSCH repetition adjustment for the next PUR allocation. 

Indication of PUR SS monitoring termination:

Given this RAN2 agreement

If RRC response message is not needed, eNB may send L1 ACK to acknowledge the PUR transmission in UL. The L1 ACK concludes the PUR procedure and UE moves to Idle
There is no need for “indication of PUR SS monitoring termination”.

Given the above discussion, the following proposal is made:

Proposal 4:   The PUR L1 ACK should at least contain the following fields:

· Timing advance adjustment 

· Target UL Power Level (P_0) adjustment 
· NPUSCH Repetition adjustment 
· Explicitly indication for fallback to EDT or RACH
· FFS: Size of the above fields.

· Send LS to RAN2 to inform them of the above parameters.

4.4. ACK DCI Design

Issue:  Given the proposal to add some information to the L1 ACK, a new L1 ACK needs to be designed.

Discussion: 

The NDI could be used since the UE would not expect any UL grants for new data after a PUR transmission only UL grants for re-transmissions. So then, NDI=1 could indicated a PUR ACK and NDI=0 could indicate an UL grant retransmission.  When the NDI=1 for ACK, many of the fields can be re-purposed. Assuming format 6-0B, using the NDI field method to indicate a PUR ACK, the PUR ACK will allow many fields to be re-purposed for additional data mentioned above.
Proposal 5:   The NDI field can be used to indicate if the DCI is a L1 PUR ACK or an UL Grant
5. No UL data procedure

Issue: It has been agreed that a UE may skip PUR transmission when it has no UL data but only to a limited number of PUR transmission maybe skipped. The procedure the UE follows if it has skipped the maximum number of PUR allocations or the eNB has disabled skipping has not yet been agreed.

Discussion:  There are at least three options: 

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

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

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

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

Option 3:   This is already supported where details can be left to RAN2. 

Thus Option 1 should be specified by RAN1. 

Proposal 6:   The UE may transmit a zero padded TB at the PUR allocation which will not be considered a skipped transmission by the UE nor eNB. 

6. NRSRP Threshold Signalling 
RAN4 has sent RAN1 and RAN2 an LS [2] R4-1910176 with agreements WRT to NRSRP thresholds:

RAN4 would like to inform RAN2 that RAN4 has discussed and agreed to use K number of measurement thresholds for validating the TA when UE is configured to validate the TA using serving cell measurement change method. The measurement is RSRP for cat-M and NRSRP for NB-IoT. The value of K is 1 or 2. 

If K =1 means UE compares the magnitude of the difference in measurement change with a single threshold to validate the TA for PUR transmission. 

If K=2 means UE compares the difference in measurement change with a negative (RSRPneg / NRSRPneg) threshold and also compares the difference in measurement change with a positive (RSRPpos/ NRSRPpos) threshold. The UE validates the TA for PUR transmission based on these comparisons.

UE needs to be configured about the number of the measurement threshold(s) as well as the thresholds for validating the TA for PUR transmission.

The range of the measurement threshold(s) are specified as follows:

· between N dB to M dB with TBD resolution when two thresholds (K=2) are used excluding 0 dB value where N<0, and M>0.

· between H dB to L dB with TBD resolution when single threshold (K=1) is used excluding 0 dB value where H>0, and L>0 and L>H. 

RAN4 will inform RAN2 about the values of N, M, H, L and the resolution at next meeting. 

Issue: How the NRSRP thresholds will be configured (signaled and/or calculated) is an open RAN1 issue. 
Discussion:

There are at least three options of how the eNB can configure the NRSRP 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 NRSRP threshold(s) each time the TA is updated

The same methods of configuration can be used whether a 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 [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


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

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

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

∆NRSRP_ThPos = k (log10(di+ MaxAllowed∆d)- log10(di))
∆NRSRP_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 NRSRP measurement and this computation is significantly smaller than even a NRSRP 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:

∆NRSRP_Theshold = ThresholdFunc(Timing Advance) 

For the two threshold method:

∆NRSRP_ThPos = ThresholdFunc (Timing Advance + TA_error) 

∆NRSRP_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 NRSRP measure and this computation is significantly smaller than even a NRSRP calculation, so the UE complexity is virtually the same. 

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

This option would require the most signaling because each time the TA is updated, the threshold(s) would need to be updated.  The threshold(s) would likely only be 4-5 bits long which is small but they can NOT be included in the L1 ACK as it is not on the inclusive list agreed to be consider at the last RAN1 meeting so it would have to be sent as a layer 2 message which would bring significant overhead (CRC, L2 headers, physical layer scheduling). 

Conclusion:

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

Observation 1: At least the following options of how the UE is to obtain the NRSRP 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 NRSRP threshold(s) each time the TA is updated

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

Observation 2: When an equation or table is used to calculate the threshold(s), the signalling overhead is the smallest. 
Observation 3: When the threshold(s) are signaled each time the TA is updated, there is significant signalling overhead especially since layer 2 signalling is needed. 

Based on the above observations, the following proposal is made:
Proposal 7:   If NRSRP is used for TA validation, the PUR configuration shall include an NRSRP threshold table and TA_error if K=2: 

· FSS: The number of table entries and calculation details 

7. Potential PUR Enhancements

This section contains possible PUR enhancements.

7.1. New TA Update Mechanisms

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

Discussion: Some previous tdocs discuss a new simplified RACH procedure. This method requires a new UE-specific PRACH resource to be assigned to each UE where the eNB can then update PUR configurations in an optimized RAR when it detects the UE-specific PRACH. The advantage of this approach is that the data can still be sent on the PUR and this takes less resources than legacy RACH/EDT. The disadvantage is that there is a fair bit of specification work required and it is unclear how unique PRACHs can be assigned to every UE and still be scalable to millions of UEs. Given the uncertainties of how this will scale and the large specification impact, this should not be specified.
Proposal 8:   No new methods to update an invalid TA shall be specified in Rel 16

Discussion:  The following agreement was made in RAN1#96:

When the TA is validated and found to be invalid and the UE has data to send, the UE can obtain a valid TA and may send data via legacy RACH or EDT procedures 
The above agreement allows the UE to obtain ONLY a new valid TA via EDT or RACH before the PUR allocation and then still send the data on the PUR allocation.  It is also possible the UE sends the data in the legacy EDT or RACH process but currently there is no way for the UE to indicate to the eNB that it no longer needs the next PUR allocation so it will be wasted. A possible enhancement could then be for the UE to be able to indicate to the eNB that it can release the next PUR allocation so that PUR allocation is not wasted. The latter enhancement should be discussed in RAN2 not in RAN1.

Observation 4: A mechanism where UE can request to de-allocate the next PUR allocation during legacy EDT or connected mode should be studied by RAN2

7.2. 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 9:   PUR in connected mode is not supported in Rel 16

8. Conclusions
Proposal 10:   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.
Proposal 11:   After transmission on PUR, if nothing is received by the UE in a time period, the UE shall NOT initiate any PUR transmissions until a PUR re-synchronization procedure is complete:

· PUR Re-synchronization occurs in RRC connected mode.
· The parameters and detailed procedures for PUR re-synchronized are left for RAN2 to decide
Proposal 12:   The explicitly indication for fallback to EDT or RACH on MPDCCH is included in the L1 ACK  DCI and when set, indicates the PUR transmission is not acknowledged.
Proposal 13:   PUR L1 ACK should at least contain the following fields:

· Timing advance adjustment 

· Target UL Power Level (P_0) adjustment 
· NPUSCH Repetition adjustment 
· Explicitly indication for fallback to EDT or RACH
· FFS: Size of the above fields.

· Send LS to RAN2 to inform them of the above parameters.

Proposal 14:   The NDI field can be used to indicate if the DCI is a L1 PUR ACK or an UL Grant
Proposal 15:   The UE may transmit a zero padded TB at the PUR allocation which will not be considered a skipped transmission by the UE nor eNB. 

Observation 5: At least the following options of how the UE is to obtain the NRSRP 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 NRSRP 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 signalling overhead is the smallest. 
Observation 7: When the threshold(s) are signaled each time the TA is updated, there is significant signalling overhead especially since layer 2 signalling is needed. 

Proposal 16:   If NRSRP is used for TA validation, the PUR configuration shall include an NRSRP threshold table and TA_error if K=2: 

· FSS: The number of table entries and calculation details 

Proposal 17:   No new methods to update an invalid TA shall be specified in Rel 16

Observation 8: A mechanism where UE can request to de-allocate the next PUR allocation during legacy EDT or connected mode should be studied by RAN2

Proposal 18:   PUR in connected mode is not supported in Rel 16
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