3GPP TSG RAN WG1 #98


R1-1908185
Prague, CZ, August 26th – 30th, 2019
Agenda item:
6.2.1.2 Support for transmission in preconfigured UL resources

Source: 
Sierra Wireless

Title: 
LTE-M Pre-configured UL Resources Design Considerations 

Document for:
Discussion and decision

1. Introduction

This tdoc discusses the following open design issues:
· WA confirmation: L1 Signaling and RNTI not shared
· PUR Search Space
· L1 ACK

· No UL data procedure
· Configuring the RSRP threshold(s) to the UE

· Legacy feature support

· Feature enhancements

· New TA update mechanism 

· Explicit NACK
· MTBG
· CFS PUR

· CBS PUR
· Connected mode support
2.  Working assumption: L1 Signaling
The following WA was made in RAN1 #97bis:
In idle mode, updating PUR configurations and/or PUR parameters via L1 signalling after a PUR transmission is supported

· FFS: Which PUR configurations and PUR parameters will be signaled via L1

· FFS: Definition of PUR configurations and PUR parameters

The working assumption will be automatically confirmed if for some cases L2/L3 signaling is not needed. If RAN2 decides that L2/L3 signaling is needed for all cases, the working assumption will be reverted.

For the above WA, the RAN2 Reply LS R1-1907634 included these agreements:
· RRC response message needs to be supported by the UE and could be used in all cases.

· For some cases L1 signalling is sufficient to acknowledge, i.e. RRC response message is not needed. 

· RAN2 assumes the L1 signalling for acknowledgement is sent only after the eNB determines there is no pending downlink data or signalling.

· RAN2 assumes that the configuration for D-PUR provided by RRC signalling is not updated via L1 signalling, and should check with RAN1 what parameters are planned to be (re)configured using DCI.

Focusing on the above highlighted agreement and considering “The working assumption will be automatically confirmed if for some cases L2/L3 signaling is not needed.” – the WA shall be confirmed

Proposal 1: The following WA is confirmed:
In idle mode, updating PUR configurations and/or PUR parameters via L1 signalling after a PUR transmission is supported

· FFS: Which PUR configurations and PUR parameters will be signaled via L1

· FFS: Definition of PUR configurations and PUR parameters

3. Working assumption: RNTI not shared
The following WA was made in RAN1 #97bis:
For dedicated PUR

· During the PUR search space monitoring, the UE monitors for DCI scrambled with a RNTI assuming that the RNTI is not shared with any other UE

· Note: It is up to RAN2 to decide how the RNTI is signaled to UE or derived

· FFS if the UE monitors any additional RNTI which may be shared with other UEs.

· Note: The same RNTI may be used over non-overlapping time and/or frequency resources

Send an LS to RAN2 to include two above working assumptions. Ask whether the first bullet in working assumption #2 is feasible. If it is concluded that working assumption #2 feasible, the working assumption #2 will be automatically confirmed.

For the above WA, the RAN2 Reply LS R1-1907634 included these agreements:

· It is feasible to provide the UE with a UE-specific RNTI for D-PUR. Common or shared RNTI is also feasible.

· The RNTI used for D-PUR is signalled together with other D-PUR configuration.
Focusing on the above highlighted agreement and considering the agreed conditions to confirm the WA “If it is concluded that working assumption #2 feasible, the working assumption #2 will be automatically confirmed”. – the WA shall be confirmed

Proposal 2: The following WA is confirmed:
For dedicated PUR
· During the PUR search space monitoring, the UE monitors for DCI scrambled with a RNTI assuming that the RNTI is not shared with any other UE

· Note: It is up to RAN2 to decide how the RNTI is signaled to UE or derived

· FFS if the UE monitors any additional RNTI which may be shared with other UEs.

· Note: The same RNTI may be used over non-overlapping time and/or frequency resources

4. PUR Search Space
4.1. CE Mode A and B

Issue: Since the DCI format changes between CE mode A and B, the UE needs to know what DCI format to search for in the PUR SS. How CE Mode A and Mode B procedures apply to PUR is an open issue.  

The following agreement was made in RAN#97:

For dedicated PUR in idle mode, the CE mode is 

· Option 1: explicitly configured in the PUR configuration.

· Option2: based on CE mode of last connection

Down select in RAN1#98

Discussion:  Both methods are feasible so either is acceptable to Sierra. Having an explicit indication in the PUR which is only re-configured by RRC (to avoid synchronization issues) is slightly preferred as it allows PUR CE mode to be independent from and normal user plane traffic.

Proposal 3: The PUR configuration explicitly holds the CE mode which can only be changed via RRC signalling (i.e. not via L1 messages). 

4.2. PUR Search Space Candidates

At RAN1 #97 the following agreement was made:
Select one of the following in RAN1#98

· Alt1: In idle mode, the PUR search space PRB pairs is configured between {2, 2+4, 4} PRBs

· Alt2: In idle mode, the PUR search space PRB pairs is fixed to 2+4 PRBs

Discussion:   For UEs in good coverage, having the option to schedule DCI using only 2 PRBs would improve spectral efficiency thus alt1 should be chosen.  Further, it is proposed the configuration is in the PUR configuration.
Proposal 4: In idle mode, the PUR search space PRB pairs is configured between {2, 2+4, 4} PRBs and this configuration is in the PUR configuration.
Issue: How are the PUR SS MPDCCH candidates (repetition and AL) determined is an open issue.

Discussion:  Suggest to re-use rules from USS since USS support different PRB pair configuration.  Also, given NB-IOT has already agreed to use USS rules in RAN1 #97, 

NPDCCH candidates are determined by USS like search space 
· FFS: Other details on the USS like search space 
· Type2-CSS can also be discussed as part of the FFS
LTE-M should be as similar as possible unless there is a very good reason. 
Proposal 5: For dedicated PUR in idle mode, the PUR search space repetitions and AL candidates are derived using legacy USS rules where rmax= rmax-mPDCCH-PUR
· FFS: Initialization of Yp,k
4.3. Start of PUR SS Window
Issue: The following agreement:

For dedicated PUR in idle mode and for HD-FDD UEs, the start of the PUR SS Window is [x] subframes after the end PUR transmission

· FFS: Value of x, and if x is fixed or signaled 

· FFS: FD-FDD UEs, TDD UEs

· FFS: Support for monitoring of PUR SS Window before PUR transmission

Note: The PUR SS Window is the time period where the UE monitors the MPDCCH for at least a time period after a PUR transmission

The value of X is FFS and whether this applies to FD and TDD UEs

Discussion:  At this stage of the WI, the design needs to be kept as simple as possible and thus re-use legacy procedures as much as possible.  For this reason, the value of X should be the 1st valid DL SF after the start of the PUR transmission based on legacy USS rules. This would allow Early PUSCH Termination to be supported for FD-FDD UEs. 

Issue: whether to support for monitoring of PUR SS Window before PUR transmission
Discussion: At this stage of the WI, the design needs to be kept as simple as possible and thus re-use legacy procedures as much as possible.  Some tdocs have indicated that if the UE were to start monitoring the PUR SS before the PUR transmission the eNB could de-allocated the PUR allocation and force the UE to use EDT or legacy RACH.  Although, this may be useful, the downside is the additional UE battery consumption needed to monitor the PUR SS for this additional time and the give design complexity. Give this, disadvantage, the following proposal is made:
Proposal 6: For dedicated PUR in idle mode and for FD-FDD, HD-FDD, and TDD UEs, the start of the PUR SS Window is the 1st valid DL SF after the start of the PUR transmission based on legacy USS rules
· Note: the above agreement allows FD-FDD UEs to support the Early PUSCH Termination feature
4.4. UE Procedure after it gets a PUR L1 ACK

Issue: What the UE should do after it gets a PUR L1 ACK after a PUR transmission is an open issue.

Discussion: There are several possible choices: 

· 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

For good battery life, Option 1 and 3 are the best. Option 2 provide flexibility if the eNB would like to send some additional e.g. L2 signaling after the PUR L1 ACK.  Option 3 also provides this same flexibility as option 2 but requires 1 bit in the PUR L1 ACK.  If the L1 ACK is redesigned there will be plenty of room for 1 bit so option 3 seems like the best solution.
Proposal 7: The PUR L1 ACK indicates whether the UE should go directly to idle or continue to monitor the PUR SS window until the end. 

As per normal PSM procedures, if PSM is enabled and the T3324 Timer is zero (this is the time after connected mode to stay in idle for potential MT data), the UE may go directly to PSM instead of idle. 
4.5. Other DCI messages in PUR SS
At RAN1 #95, the following agreements were made: 

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  

Issue:  The above list of DCI message is incomplete. 
Discussion:  Since the ACK maybe sent via L2 (not only L1) or DL data may be sent after PUR so the UE should expect to DL Grant in the PUR SS. Also, if the eNB wants the UE to obtain a better TA, it may send a PDCCH Order so the UE must expect a PDCCH Order in the PUR SS. 

Proposal 8: The PUR search space for dedicated PUR, the UE can at least expect 
· L1 ACK (but only immediately following the PUR transmission),

· UL grants,

· DL grants, and 

· PDCCH Orders
5. L1 ACK 

5.1. UE/eNB Synchronization Issue
Issue: If the L1 ACK contains information and the L1 ACK is not decoded by the UE, the UE and eNB will be out of sync. For example, if the number of repeats is changed in the L1 ACK but the UE failed to decode the L1 ACK, on the next PUR transmission, the UE will use the previous number of repeats where the eNB expected the new number of repeats. 

Discussion: There are several options available to solve this synchronization issue:

· Option 1: Do not include resource allocation information in the L1 ACK. 

· Option 2: If L1 ACK is not decoded after PUR transmission, UE must do EDT or legacy RA to get possible PUR re-configurations.

· Option 3: UE includes L1 ACK information in the next PUR transmission and only starts to use updated information if the L1 ACK is confirmed by the eNB on the subsequent PUR allocation. 

· Option 4: UE sends a PUCCH ACK after the L1 ACK 
Option 1: Requires the eNB to do adaptive coding and modulation (ACM) using L2 signalling which would increase UE battery drain and increase network resource usage. For a mobile UE, ACM is frequently needed but even for a stationary UE, ACM is used. Since the frequency of ACM depends on the use case it’s difficult to evaluate the signalling overhead. 
Option 2: Since the L1 ACK should be encoded to provide <=1% BLER, the UE should only be required to do an EDT or RA procedure 1% of the time. If the eNB were to send the L1 ACK twice or code it better, the probability of missing the L1 ACK would reduce even more. 
Option 3: This method effectively delays the ACM by one PUR cycle until the eNB can confirm via the next PUR transmission the L1 ACK was decoded by the UE. Since the PUR allocation would need to be big enough to include the L1 ACK updates, the PUR transmission needs to be over allocated which increases overhead but the amount of information should be very small e.g. < 20 bits. 
Option 4: This option increases UL overhead and battery drain as it requires the UE to monitor the PUR SS after the PUCCH ACK is sent in case the PUCCH ACK was not decoded by the eNB and the eNB re-sends the L1 ACK.  
Given the above discussion, option 2 is the easiest to implement and specify, has good battery life performance and has similar overhead to the other more complex methods.

Proposal 9: After a PUR transmission, if the UE doesn’t decode an L1 or L2 ACK within the PUR SS window, the UE shall consider the PUR configuration released. 
5.2. 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 re-used for the PUR ACK but there would then be no room for any additional information in the PUR ACK.  

Observation 1: Re-using the Rel15 ACK format would leave virtually no room for addition information

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 10: A new PUR DCI ACK should be designed

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.
Proposal 11: The NDI field in format 6-0A/B can be used to indicate if the DCI is a L1 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 2: For CE mode B, up to 15 bits in the L1 PUR ACK could be re-purposed. More bits are available in CE mode A.
5.3. L1 ACK Information

The following working assumption was made in RAN1 #96bis:

In idle mode, updating PUR configurations and/or PUR parameters via L1 signalling after a PUR transmission is supported

· FFS: Which PUR configurations and PUR parameters will be signaled via L1

· FFS: Definition of PUR configurations and PUR parameters

The working assumption will be automatically confirmed if for some cases L2/L3 signaling is not needed. If RAN2 decides that L2/L3 signaling is needed for all cases, the working assumption will be reverted.

Issue: What PUR configuration or parameters should be included in the L1 PUR ACK is open.

Discussion: Based on previous online discussions, the following parameters have been considered for inclusion into the PUR L1 ACK:

· Timing advance adjustment 

· UE TX power adjustment 

· PUSCH Repetition adjustment
· Direct to idle flag

· UE goes directly to idle after decoding L1 ACK, or 

· UE continues to monitor PUR SS until the PUR SS Duration

· PUR allocation continued or revoked

Given the above proposal to ensure the UE and eNB do not get out of Sync, the above parameters can be included in the L1 ACK. 
Proposal 12: The PUR L1 ACK should at least contain the following fields:

· Timing advance adjustment 

· UE TX power adjustment 

· PUSCH Repetition adjustment

· Direct to idle flag

· RAN2 can determine detailed UE procedure for this flag
· FFS size of each field

Send LS to RAN2 to confirm the above parameters are acceptable.

6. 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 PUSCH 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 13: If PUR transmission skipping is disabled, or if the UE has skipped one less than the maximum number of PUR transmissions, and the UE does not want the PUR configuration to be released at the next PUR allocation, the UE must a transmit a zero padded TB during the next PUR allocation. 

7. Configuring the RSRP Threshold(s) to the UE
In RAN4 #91 has made the following agreements in captured in R4-1907733[2] that the eNB configures either 1 or 2 thresholds:

· When TA validation based on serving cell RSRP change method is configured:
· eNodeB determines and configures K RSRP threshold(s) to the UE, where K is 1 or 2.
Issue: How the RSRP 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 RSRP threshold(s):

· Option 1: Configure the UE with an equation
· Option 2: Configure the UE with lookup table

· Option 3: Configure the UE with the RSRP threshold(s) each time the TA is updated

The same methods of configuration can be used whether 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 [3]):

Path loss =  k log10(di) - X
	Table 1. Path loss equations for different environments

	Environment
	Path Loss Equation PL(di)

	NLOS urban, suburban, and rural macro
	(43.42 – 3.1 log10 (hBS)) (log10 (di) + 

161.04 – 7.1 log10 (W) + 7.5 log10 (h) – (24.37 – 3.7(h/hBS)2 ) log10 (hBS) - 3*(43.42 – 3.1 log10 (hBS) + 20 log10(fc) – (3.2 (log10 (11.75 hUT))2 - 4.97)

	Urban Micro NLOS Hexagonal cell layout
	(36.7) (log10 (di) + 26 log10(fc) + 22.7

	Indoor hot spot NLOS
	(43.3) (log10 (di) + 20 log10(fc) + 11.5

	Free space
	(20) (log10 (di) + 20 log10(fc) – 147.55


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

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

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

∆RSRP_ThPos = k (log10(di+ MaxAllowed∆d)- log10(di))
∆RSRP_ThNeg = k (log10(di- MaxAllowed∆d)- log10(di))
Where:

k
Is signaled to the UE and depends on propagation conditions in the cell, i.e. it depends on the topology/configuration of the cell. 

MaxAllowed∆d
Is signaled to the UE and defines the amount of timing error the eNB can tolerate. For example, MaxAllowed∆d = 705 meters corresponds to one normal CP. 

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

The single threshold method and the two threshold method both require the same equation and parameters (k and MaxAllowed∆d), therefore the signalling is the same for both. The single threshold method requires to compute one threshold whereas the two threshold method requires to compute two thresholds. This calculation is only done when the TA is updated, not on every RSRP measurement and this computation is significantly smaller than even a RSRP calculation, so the UE complexity is virtually the same. 

Option 2 - Configure the UE with a lookup table
For this option, the UE is calculating the threshold based on indexing the TA into a table and using some type of interpolation. The eNB signals the table values which define a threshold function (i.e. ThresholdFunc) which the UE uses to calculate the thresholds. 

For single threshold method:

∆RSRP_Theshold = ThresholdFunc(Timing Advance) 

For the two threshold method:

∆RSRP_ThPos = ThresholdFunc (Timing Advance + TA_error) 

∆RSRP_ThNeg = - ThresholdFunc (Timing Advance - TA_error)

As shown above the single threshold method and the two threshold method both require the same table and the two threshold method requires the additional “TA_Error” parameter. Since the TA_error is likely to be fixed at +/- ½ CP, it would not need to be signaled and thus the two method would have the same signalling.  The single threshold method requires to compute one threshold whereas the two threshold method requires to compute two thresholds. However, this calculation is only done when the TA is updated and not on every RSRP measure and this computation is significantly smaller than even a RSRP calculation, so the UE complexity is virtually the same. 

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

This option would require the most signaling because each time the TA is updated, the threshold(s) would need to be updated.  The threshold(s) would likely only be 4-5 bits long which is small but since this will likely not fit in a physical layer message, a layer 2 message would be needed which brings significant overhead (CRC, L2 headers, physical layer scheduling). The two threshold method would require one additional threshold of 4-5 bits but this would be a very small percentage increase compared to the L2 signalling overhead.

Conclusion:

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

Observation 3: At least the following options of how the UE is to obtain the RSRP threshold(s) are possible:

· Option 1: Configure the UE with an equation 

· Option 2: Configure the UE with a lookup table 

· Option 3: Configure the UE with the RSRP threshold(s) each time the TA is updated

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

Observation 4: When an equation or table is used to calculate the threshold(s), the single and two threshold method use the same equation/table thus the signalling overhead and specification impact is the same.

Observation 5: When the threshold(s) are signaled each time the TA is updated, for both the single and two threshold methods, there is significant signalling overhead especially if layer 2 signalling is needed. 

Based on the above observations, the following proposal is made:
Proposal 14: If RSRP is used for TA validation, the PUR configuration shall include an RSRP threshold table and TA_error if K=2: 

· FSS: The number of table entries and calculation details are up to RAN1
8. Legacy Feature Support
Issue: Which legacy features should be supported with PUR?

Discussion: Considering the following legacy features:
· Multi-cast support

· New numbers of repetitions for PUSCH and modulation restrictions for PDSCH/PUSCH in CE mode A

· 2984 bits max UL TBS in 1.4 MHz in CE mode A

· 5 or 20 MHz max PDSCH/PUSCH channel bandwidths in CE mode A/B:

· PUSCH sub-PRB allocation in CE mode A/B

· 64QAM for non-repeated unicast PDSCH in CE mode A

· Flexible starting PRB for PDSCH/PUSCH in CE mode A/B

· Early PUSCH termination 

· Dynamic HARQ-ACK delay for HD-FDD in CE mode A
· HARQ-ACK bundling in HD-FDD in CE mode A

· 10 downlink HARQ processes in FDD in CE mode A

All of the above features should be supported with PUR except:

· HARQ-ACK bundling in HD-FDD in CE mode A

· 10 downlink HARQ processes in FDD in CE mode A

9. Potential PUR Enhancements

This section contains possible PUR enhancements.

9.1. 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 15: 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 6: A mechanism where UE can request to de-allocate the next PUR allocation during legacy EDT or connected mode should be studied by RAN2
9.2. Explicit NACK

The following agreements have been made WRT to HARQ:

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

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. 

Discussion:

With an explicit NACK the UE will know quickly that the transmission failed and eNB doesn’t want to continue with HARQ but this seems like a corner case where the more likely case is that the eNB will want to continue with HARQ so this is unnecessary optimization.
Observation 7: Explicit NACK is not needed. 

9.3. 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 configurations per UE will be supported, the decision to support MTBG with PUR should wait until then. 

Observation 8:  The decision to support MTBG with PUR should wait until the MTBG feature and RAN2 PUR decisions have progressed further. 
9.4. CFS PUR – Contention-Free Shared PUR

Issue: CFS PUR has not been agreed 

Discussion: All the D-PUR agreements should apply to CFS PUR so there should be very little additional specification work needed to support CFS PUR
Proposal 16: CFS PUR is supported. 

9.5. 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. 

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. 
9.6. 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 18: PUR transmissions in connected mode is not specified in Rel 16.

10. Conclusions
Proposal 19: The following WA is confirmed:
In idle mode, updating PUR configurations and/or PUR parameters via L1 signalling after a PUR transmission is supported

· FFS: Which PUR configurations and PUR parameters will be signaled via L1

· FFS: Definition of PUR configurations and PUR parameters

Proposal 20: The following WA is confirmed:
For dedicated PUR
· During the PUR search space monitoring, the UE monitors for DCI scrambled with a RNTI assuming that the RNTI is not shared with any other UE

· Note: It is up to RAN2 to decide how the RNTI is signaled to UE or derived

· FFS if the UE monitors any additional RNTI which may be shared with other UEs.

· Note: The same RNTI may be used over non-overlapping time and/or frequency resources

Proposal 21: The PUR configuration explicitly holds the CE mode which can only be changed via RRC signalling (i.e. not via L1 messages). 

Proposal 22: In idle mode, the PUR search space PRB pairs is configured between {2, 2+4, 4} PRBs and this configuration is in the PUR configuration.
Proposal 23: For dedicated PUR in idle mode, the PUR search space repetitions and AL candidates are derived using legacy USS rules where rmax= rmax-mPDCCH-PUR
· FFS: Initialization of Yp,k
Proposal 24: For dedicated PUR in idle mode and for FD-FDD, HD-FDD, and TDD UEs, the start of the PUR SS Window is the 1st valid DL SF after the start of the PUR transmission based on legacy USS rules

· Note: the above agreement allows FD-FDD UEs to support the Early PUSCH Termination feature
Proposal 25: The PUR L1 ACK indicates whether the UE should go directly to idle or continue to monitor the PUR SS window until the end. 

Proposal 26: The PUR search space for dedicated PUR, the UE can at least expect 
· L1 ACK (but only immediately following the PUR transmission),

· UL grants,

· DL grants, and 

· PDCCH Orders

Proposal 27: After a PUR transmission, if the UE doesn’t decode an L1 or L2 ACK within the PUR SS window, the UE shall consider the PUR configuration released. 
Observation 9: Re-using the Rel15 ACK format would leave virtually no room for addition information

Proposal 28: A new PUR DCI ACK should be designed

Proposal 29: The NDI field in format 6-0A/B can be used to indicate if the DCI is a L1 PUR ACK or an UL Grant

Observation 10: For CE mode B, up to 15 bits in the L1 PUR ACK could be re-purposed. More bits are available in CE mode A.
Proposal 30: The PUR L1 ACK should at least contain the following fields:

· Timing advance adjustment 

· UE TX power adjustment 

· PUSCH Repetition adjustment

· Direct to idle flag

· RAN2 can determine detailed UE procedure for this flag
· FFS size of each field

Send LS to RAN2 to confirm the above parameters are acceptable.

Proposal 31: If PUR transmission skipping is disabled, or if the UE has skipped one less than the maximum number of PUR transmissions, and the UE does not want the PUR configuration to be released at the next PUR allocation, the UE must a transmit a zero padded TB during the next PUR allocation. 

Observation 11: At least the following options of how the UE is to obtain the RSRP threshold(s) are possible:

· Option 1: Configure the UE with an equation 

· Option 2: Configure the UE with a lookup table 

· Option 3: Configure the UE with the RSRP threshold(s) each time the TA is updated

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

Observation 12: When an equation or table is used to calculate the threshold(s), the single and two threshold method use the same equation/table thus the signalling overhead and specification impact is the same.

Observation 13: When the threshold(s) are signaled each time the TA is updated, for both the single and two threshold methods, there is significant signalling overhead especially if layer 2 signalling is needed. 

Proposal 32: If RSRP is used for TA validation, the PUR configuration shall include an RSRP threshold table and TA_error if K=2: 

· FSS: The number of table entries and calculation details are up to RAN1

Proposal 33: No new methods to update an invalid TA shall be specified in Rel 16

Observation 14: A mechanism where UE can request to de-allocate the next PUR allocation during legacy EDT or connected mode should be studied by RAN2

Observation 15: Explicit NACK is not needed. 
Observation 16: The decision to support MTBG with PUR should wait until the MTBG feature and RAN2 PUR decisions have progressed further. 
Proposal 34: CFS PUR is supported. 

Proposal 35: CBS PUR is not specified in Rel 16. 

Proposal 36: PUR transmissions in connected mode is not specified in Rel 16.
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