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1	Introduction
In the Work Item (WI) on “Additional MTC enhancements for LTE” [1], one of the objectives is to specify the following improvement for machine-type communications for BL/CE UEs:
	Improved UL transmission efficiency and/or UE power consumption:
· [bookmark: _Hlk518637711][bookmark: _Hlk516687799][bookmark: _Hlk516765211]Specify support for transmission in preconfigured resources in idle and/or connected mode based on SC-FDMA waveform for UEs with a valid timing advance [RAN1, RAN2, RAN4]
· Both shared resources and dedicated resources can be discussed
· Note: This is limited to orthogonal (multi) access schemes




In RAN1 #98, the following agreements were reached [2]. 
	
Agreement
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.

Agreement
For dedicated PUR in idle mode, the indication to fallback to EDT or RACH is included in the same DCI with PUR L1-ACK
· If the UE receives an indication to fallback to EDT or RACH, the PUR transmission is considered not acknowledged
· FFS: Whether this indication is jointly encoded with PUR L1-ACK
· FFS: Whether to use L1-ACK flag

Agreement
The dedicated PUR ACK DCI at least includes the Timing Advance adjustment (including TA adjustment of 0). The TA adjustment field is [6] bits as legacy.

Agreement
For PUR HARQ re-transmissions in CE Mode B, the UE shall follow legacy connected mode power control procedures (i.e. the UE uses maximum TX power)


	
Agreement
For PUR power control in CE mode A, the TPC accumulation mechanism is reset for every PUR transmission

Agreement
Initialization of Yp,k is calculated using legacy MPDCCH UE-specific search space rules where the RNTI is the assigned PUR RNTI.

Agreement
For dedicated PUR in idle mode, the PUR configuration includes the following 
· MPDCCH frequency hopping configuration 
· PDSCH frequency hopping configuration 
· FFS: PUSCH for PUR retransmission follows same configuration as initial PUR transmission
Agreement
The PUR configuration includes the PUCCH configuration
· Details of configuration can be decided by RAN2

Agreements
The PUR L1 ACK DCI in CE Mode A and B should at least contain the following fields:
· PUSCH repetition adjustment
· FFS: details on adjustment




[bookmark: _Ref178064866][bookmark: _Hlk528365764]2	Transmission on Pre-configured UL Resources (PUR) in IDLE mode
The Work Item is coming to its end, therefore the subsections below focus on remaining design aspects of dedicated PUR, whereas the last section of this paper continues the discussions on CBS-PUR and the updated Working Assumption for CFS-PUR. 
2.1	Dedicated PUR in IDLE mode
The definition of “Dedicate PUR” applicable for this Work Item objective was described as follows:
	 Dedicated preconfigured UL resource is defined as an PUSCH resource used by a single UE 
-	PUSCH resource is time-frequency resource
-	Dedicated PUR is contention-free


In RAN1 #94bis, it was agreed that “In idle mode, dedicated PUR is supported”. 
2.2	Down-selection of indications in the L1-ACK
In RAN1 #95 it was agreed that “For dedicated PUR in idle mode, upon successful decoding by eNB of a PUR transmission, the UE can expect an explicit ACK”. In its most basic form, a L1-ACK is just meant to say “CORRECT”, but for PUR it will also provide other indications as per the down-selection of candidates performed in RAN1 #98bis [2]:
	RAN1 #98: List of candidate indications to be down-selected

	RAN1 #98bis: Result of the down-selection of candidate indications


	
Agreement
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 
PUSCH 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.

	
Agreement
The dedicated PUR ACK DCI at least includes the Timing Advance adjustment (including TA adjustment of 0). The TA adjustment field is [6] bits as legacy.

Agreements
The PUR L1 ACK DCI in CE Mode A and B should at least contain the following fields:
· PUSCH repetition adjustment
· FFS: details on adjustment



	
	
Open issue: Indication of PUR SS monitoring termination

R1-1911399 LS to RAN2 (Cc RAN4) on PUR transmission for NB-IoT/eMTC: Including a “Discussion on PUR L1 ACK for an application layer response message (for NB-IoT and eMTC)”




The down-selected candidate indications agreed in RAN1 #98bis still contain FFSs, therefore in the subsections below we elaborate on each of them separately.
2.2.1	Timing Advance Adjustment (including TA adjustment of 0)
In legacy, the TA adjustment can be any value from 0 to 63 as indicated by the 6-bit timing advance command. The TA is adjusted as follows: 
NTA,new = NTA,old + (TA-31)16                                                                                 (1)
An adjustment in the NTA value by a positive or a negative amount indicates advancing or delaying the uplink transmission timing by a given amount respectively.
The legacy 6-bit TA adjustment allows adjustments of up to 32 TA steps which is equivalent to ⁓2496m (Recall that one TA step translated to meters is ⁓78m). However, in our view the 6-bit TA adjustment range seems to be an over-provision of possible TA adjustments for UEs that in principle are expected to be stationary. Moreover, even if those UEs happen to move, if they do more than a few TA steps then the TA validation methods as designed for PUR will most likely determine the TA as invalid, which will trigger a fallback to RACH/EDT making not possible anyway to perform a TA adjustment by a large amount. Based on the above we propose using 3-bits for adjusting the TA via L1-ACK, including 0 m, +/- 78 m, +/- 156 m, and +/- 234 m, where the remaining combination can be used for the fallback indication to RACH/EDT. 
The 3-bit TA adjustment shortened range allows to keep using the legacy TA adjustment formula illustrated in equation 1. The TA updates and the fallback indication are mutually exclusive in the sense that if the eNodeB determines that a TA adjustment will result in a large path loss change, then the eNodeB will rather indicate a fallback to legacy RACH/EDT since UEs requiring TA updates outside the shortened TA range are not suitable to remain using PUR resources.
[bookmark: _Toc24119844]The legacy 6-bit TA adjustment range (up to ⁓2496m) seems to be an over-provision of possible TA adjustments for UEs that in principle are expected to be stationary.
[bookmark: _Toc24119845]Even if the UEs happen to move, moving more than a few TA steps most likely will result in an invalid TA, making not possible anyway to perform a TA adjustment by a large amount.
[bookmark: _Toc24119867]Introduce a 3-bit TA adjustment for the L1-ACK (legacy TA range from 28 to 34) corresponding to: 0 m, +/- 78 m, +/- 156 m, and +/- 234 m.
· [bookmark: _Toc24119868]The unused combination is utilized to indicate an explicit fallback to RACH/EDT.
2.2.2	PUSCH repetition adjustment
In RAN1 #98bis it has been agreed that the “PUSCH repetition adjustment” will be part of the L1-ACK, letting as “FFS: details on adjustment”. In RAN1 #98bis it was pointed out that decreasing the number of repetitions would be beneficial in terms of UE battery savings. However, increasing the number of repetitions for PUR devices may lead to a risk of overlapping the pre-configured resources of the adjacent PUR device.
In the view of closing this open issue and avoiding having to specify a new solution. It is proposed to re-use the legacy functionality along with the legacy DCI field "Repetition number" and let up to the network scheduler to avoid potential issues. 
[bookmark: _Toc24119846]Decreasing the number of repetitions could be seen as beneficial in terms of UE battery savings.
[bookmark: _Toc24119847]Increasing the number of repetitions for PUR devices may lead to a risk of overlapping the pre-configured resources of the adjacent PUR device.
[bookmark: _Toc24119848]In the view of closing this open issue, the legacy functionality can be re-used along with the legacy DCI field "Repetition number", and it can be let up to network scheduler to avoid any potential issue.
[bookmark: _Toc23894749][bookmark: _Toc24119869][bookmark: _Toc23894751][bookmark: _Toc23894752][bookmark: _Toc23894753]For “PUSCH repetition adjustment” in the L1-ACK DCI: Re-use the legacy functionality along with the legacy DCI field "Repetition number", letting up to the network scheduler to avoid any potential issue. 
2.2.3	Indication of PUR SS monitoring termination
[bookmark: _Hlk18964281][bookmark: _Hlk18964155]The “Indication of PUR SS monitoring termination” refers the possibility of either going to sleep or continue monitoring the search space after having received a L1-ACK. According to the proponents, the motivation for having it is to be able to receive an application layer response message that may occur several seconds after the reception of the L1-ACK.
In RAN2 #107 it was clarified that the L1-ACK should not be followed by any message:
	RAN2 confirm the intention of the previous agreement as follows: 
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 agreement above was intended to make clear that an “Indication of PUR SS monitoring termination” in the DCI is not needed, since RAN2 has explicitly agreed that “The L1 ACK concludes the PUR procedure and UE moves to Idle”.
However, the proponents suggested to introduce in the L1-ACK DCI an indication compliant with the RAN2 agreement above, plus some other indication for a “PUR L1 ACK for an application layer response message”. This will effectively create two types of L1-ACKs, one that effectively moves the UE back to idle and some other one that will wake-up the UE after a lengthy gap (presumably in the order of seconds), which will impact the DCI design. In our view the RAN2 agreement that concludes the PUR procedure and moves the UE back to idle holds in general for the L1-ACK per se, especially because the network also has the possibility of transmitting a L2/L3-ACK otherwise. Nonetheless, still the proponents insisted in asking yet again to RAN2 a question on the L1-ACK, this time asking the feasibility of using “PUR L1 ACK for an application layer response message”.
Given the time constrains of having only one RAN1 meeting left to conclude the Rel-16, the DCI design should be based on the current RAN2 agreement stating that “The L1 ACK concludes the PUR procedure and UE moves to Idle” and iff RAN2 provides a prompt and favourable answer towards using “PUR L1 ACK for an application layer response message” then it can somehow be included as part of the base-design.
[bookmark: _Toc24119849]Introducing an indication for a “PUR L1 ACK for an application layer response message” will effectively create two types of L1-ACKs, one that effectively moves the UE back to idle (as per the RAN2 agreement) and some other one that will wake-up the UE after a lengthy gap, which impacts the DCI design.
[bookmark: _Toc24119850]In our view the RAN2 agreement that concludes the PUR procedure and moves back the UE to idle holds in general for the L1-ACK per se, especially because the network also has the possibility of transmitting a L2/L3-ACK otherwise.
[bookmark: _Toc24119870]The L1-ACK DCI design should be based on the current RAN2 agreement and iff RAN2 provides a prompt and favourable response on the “L1-ACK for an application layer response message” then it can be included as part of the base-design.
2.3	DCI for dedicated PUR (L1-ACK)
Upon a successful PUR transmission the UE should in principle receive an ACK, and in case of a L1-ACK it has been agreed that it will include a TA adjustment, a PUSCH repetition adjustment, and a fallback to RACH/EDT. 
In our view, either of the two following approaches can be used to introduce a PUR L1-ACK in CE Mode A and B using DCI Formats 6-0A and 6-0B respectively:
· Alt1_DCI: Using a 1-bit Flag to distinguish between the “Legacy UL-Grant” and “PUR L1-ACK”: The “New Data Indicator” field can be used as a flag when PUR is configured, letting all the remaining bits except for the “Flag format 6-0A(B)/format 6-1A(B) differentiation” available for a new purpose.

· Alt2_DCI: Re-using the Legacy Rel-15 L1-ACK and incorporate the PUR indications: When DCI Format 6-0A(B) is used as L1-ACK, most of the fields are set to zero (“locked”). To re-use the legacy Rel-15 L1-ACK, some of fields that today are set to zero can be “unlocked” to incorporate the agreed PUR indications.
Accounting for the foreseen specification updates needed by Alt1 and Alt2, below we elaborate on the potential L1-ACK DCI designs for CE Mode A and CE Mode B respectively.
[bookmark: _Toc24119851]In our view, two approaches can be used to introduce a PUR L1-ACK in CE Mode A and B using DCI Formats 6-0A and 6-0B respectively:
· [bookmark: _Toc24119852]Alt1_DCI: Using a 1-bit Flag to distinguish between the “Legacy UL-Grant” and “PUR L1-ACK”.
· [bookmark: _Toc24119853]Alt2_DCI: Re-using the Legacy Rel-15 L1-ACK and incorporate the PUR indications.
2.3.1	PUR L1-ACK in CE Mode A (DCI Format 6-0A)
Below we illustrate the PUR L1-ACK design using DCI Format 6-0A for the two approaches described in the previous section.
	PUR L1-ACK using DCI Format 6-0A

	Alt1_DCI in CE Mode A
	Alt2_DCI in CE Mode A

	
-     Flag format 6-0A/format 6-1A differentiation – 1 bit, … 
If format 6-0A CRC is scrambled by PUR-RNTI and New data indicator is set to zero, the remaining fields are set as follows:
-	Timing advance adjustment or fallback to RACH/EDT – 3 bits as defined in subclause x.x.x of [TS 36.213]
-	Repetition number – 2 or 3 bits, …
-	All the remaining bits in format 6-0A are set to zero
Otherwise
-     Frequency hopping flag – 1 bit, … 
-     Number of resource units – 2 bits, … 
-     Resource block assignment – 
	BW (MHz)
	1.4
	3
	5
	10
	15
	20

	Bits
	0
	1
	2
	3
	4
	4


      + 5 or 6bits, …
-     Modulation and coding scheme – 3 or 4 bits, … 
-     Repetition number – 2 or 3 bits, …
-     HARQ process number – 3 bits
-     New data indicator – 1 bit, if ce-PUSCH-PUR-Config is enabled by higher layers this field acts as flag PUR L1-ACK/UL Grant differentiation, where the value of 0 indicates PUR L1-ACK and value of 1 indicates PUR UL-Grant.
-     Redundancy version – 2 bits
-     TPC command for scheduled PUSCH – 2 bits, … 
-     UL index – 2 bits, … 
-     Downlink Assignment Index (DAI) – 2 bits, … 
-     CSI request – 1 bit, … 
-     SRS request –1 bit, … 
-     DCI subframe repetition number – 2 bits, … 
-     Modulation order override – 1 bit, … 
If the Resource block assignment in format 6-0A is set to all ones, format 6-0A is used for the indication of ACK feedback, and all the remaining bits except Flag format 6-0A/format 6-1A differentiation and DCI subframe repetition number are set to zero.
If the number of information bits in format 6-0A mapped onto a given search space is less than the payload size of format 6-1A for scheduling the same serving cell and mapped onto the same search space (including any padding bits appended to format 6-1A), zeros shall be appended to format 6-0A until the payload size equals that of format 6-1A.
	
-     Flag format 6-0A/format 6-1A differentiation – 1 bit, … 
-     Frequency hopping flag – 1 bit, … 
-     Number of resource units – 2 bits, … 
-     Resource block assignment – 
	BW (MHz)
	1.4
	3
	5
	10
	15
	20

	Bits
	0
	1
	2
	3
	4
	4


      + 5 or 6bits, …
-     Modulation and coding scheme – 3 or 4 bits, … 
-     Repetition number – 2 or 3 bits, …
-     HARQ process number – 3 bits
-     New data indicator – 1 bit
-     Redundancy version – 2 bits
-     TPC command for scheduled PUSCH – 2 bits, … 
-     UL index – 2 bits, … 
-     Downlink Assignment Index (DAI) – 2 bits, … 
-     CSI request – 1 bit, … 
-     SRS request –1 bit, … 
-     DCI subframe repetition number – 2 bits, … 
-     Modulation order override – 1 bit, … 
If the Resource block assignment in format 6-0A is set to all ones, format 6-0A is used for the indication of ACK feedback, and all the remaining bits except Flag format 6-0A/format 6-1A differentiation and DCI subframe repetition number are set to zero. If ce-PUSCH-PUR-Config is enabled by higher layers and CRC is scrambled by PUR-RNTI, then: The 2 bit Repetition number field is usable and does not remain set to zero. The 3 bit HARQ process number field does not remain set to zero either and is used to indicate a TA adjustment or a fallback to RACH/EDT as described in [TS 36.213].
If the number of information bits in format 6-0A mapped onto a given search space is less than the payload size of format 6-1A for scheduling the same serving cell and mapped onto the same search space (including any padding bits appended to format 6-1A), zeros shall be appended to format 6-0A until the payload size equals that of format 6-1A.



2.3.2	PUR L1-ACK in CE Mode B (DCI Format 6-0B)
Since the payload size of the DCI is different for CE Mode A and CE Mode B and some fields do not exist or may not have the exact same size in both modes. Below we illustrate the PUR L1-ACK design using DCI Format 6-0A for the two approaches described in the previous section.
	PUR L1-ACK using DCI Format 6-0B

	Alt1_DCI in CE Mode B
	Alt2_DCI in CE Mode B

	
-	Flag for format 6-0B/format 6-1B differentiation – 1 bit
If format 6-0B CRC is scrambled by PUR-RNTI and New data indicator is set to zero, the remaining fields are set as follows:
-	Timing advance adjustment or fallback to RACH/EDT – 3 bits as defined in subclause x.x.x of [TS 36.213]
-	Repetition number – 3 bits 
-	All the remaining bits in format 6-0A are set to zero
Otherwise
-	Flag for sub-PRB resource allocation – 1 bit
-	Resource block assignment – 
	BW (MHz)
	1.4
	3
	5
	10
	15
	20

	Bits
	0
	1
	2
	3
	4
	4



        + 5 or 6bits
-	Modulation and coding scheme – 3 or 4 bits 
-	Number of resource units – 1 bit 
-	Repetition number – 3 bits 
-	HARQ process number – 1 bit 
-	New data indicator – 1 bit, if ce-PUSCH-PUR-Config is enabled by higher layers this field acts as flag PUR L1-ACK/UL Grant differentiation, where the value of 0 indicates PUR L1-ACK and value of 1 indicates PUR UL-Grant.
-	DCI subframe repetition number – 2 bits 
If the Modulation and coding scheme in format 6-0B is 4 bits and set to all ones, format 6-0B is used for the indication of ACK feedback, and all the remaining bits except Flag for format 6-0B/format 6-1B differentiation and DCI subframe repetition number are set to zero. 
If the number of information bits in format 6-0B mapped onto a given search space is less than the payload size of format 6-1B for scheduling the same serving cell and mapped onto the same search space (including any padding bits appended to format 6-1B), zeros shall be appended to format 6-0B until the payload size equals that of format 6-1B.
	
-	Flag for format 6-0B/format 6-1B differentiation – 1 bit
-	Flag for sub-PRB resource allocation – 1 bit
-	Resource block assignment – 
	BW (MHz)
	1.4
	3
	5
	10
	15
	20

	Bits
	0
	1
	2
	3
	4
	4



        + 5 or 6bits
-	Modulation and coding scheme – 3 or 4 bits 
-	Number of resource units – 1 bit 
-	Repetition number – 3 bits 
-	HARQ process number – 1 bit 
-	New data indicator – 1 bit 
-	DCI subframe repetition number – 2 bits 
If the Modulation and coding scheme in format 6-0B is 4 bits and set to all ones, format 6-0B is used for the indication of ACK feedback, and all the remaining bits except Flag for format 6-0B/format 6-1B differentiation and DCI subframe repetition number are set to zero. If ce-PUSCH-PUR-Config is enabled by higher layers and CRC is scrambled by PUR-RNTI, then: The 3 bits Repetition number field is usable and does not remain set to zero. The Number of resource units, HARQ process number, and New data indicator fields do not remain set to zero and their 3 bits are used to indicate a TA adjustment or a fallback to RACH/EDT as described in [TS 36.213].
If the number of information bits in format 6-0B mapped onto a given search space is less than the payload size of format 6-1B for scheduling the same serving cell and mapped onto the same search space (including any padding bits appended to format 6-1B), zeros shall be appended to format 6-0B until the payload size equals that of format 6-1B.



[bookmark: _Toc24119854]Alt2_DCI doesn’t need a Flag to distinguish between the “Legacy UL-Grant” and “PUR L1-ACK”, and in addition of allowing to re-use the existing L1-ACK design it results in less specification impacts.
[bookmark: _Toc24119871]Re-use the Legacy Rel-15 L1-ACK and incorporate the PUR indications as follows:
	[bookmark: _Toc24065318][bookmark: _Toc24118798][bookmark: _Toc24119872]PUR L1-ACK using DCI Format 6-0A
	[bookmark: _Toc24065319][bookmark: _Toc24118799][bookmark: _Toc24119873]PUR L1-ACK using DCI Format 6-0B

	
-     Flag format 6-0A/format 6-1A differentiation – 1 bit, … 
-     Frequency hopping flag – 1 bit, … 
-     Number of resource units – 2 bits, … 
-     Resource block assignment – 
	BW (MHz)
	1.4
	3
	5
	10
	15
	20

	Bits
	0
	1
	2
	3
	4
	4


      + 5 or 6bits, …
-     Modulation and coding scheme – 3 or 4 bits, … 
-     Repetition number – 2 or 3 bits, …
-     HARQ process number – 3 bits
-     New data indicator – 1 bit
-     Redundancy version – 2 bits
-     TPC command for scheduled PUSCH – 2 bits, … 
-     UL index – 2 bits, … 
-     Downlink Assignment Index (DAI) – 2 bits, … 
-     CSI request – 1 bit, … 
-     SRS request –1 bit, … 
-     DCI subframe repetition number – 2 bits, … 
-     Modulation order override – 1 bit, … 
If the Resource block assignment in format 6-0A is set to all ones, format 6-0A is used for the indication of ACK feedback, and all the remaining bits except Flag format 6-0A/format 6-1A differentiation and DCI subframe repetition number are set to zero. If ce-PUSCH-PUR-Config is enabled by higher layers and CRC is scrambled by PUR-RNTI, then: The 2 bit Repetition number field is usable and does not remain set to zero. The 3 bit HARQ process number field does not remain set to zero either and is used to indicate a TA adjustment or a fallback to RACH/EDT as described in [TS 36.213].
If the number of information bits in format 6-0A mapped onto a given search space is less than the payload size of format 6-1A for scheduling the same serving cell and mapped onto the same search space (including any padding bits appended to format 6-1A), zeros shall be appended to format 6-0A until the payload size equals that of format 6-1A.
	
-	Flag for format 6-0B/format 6-1B differentiation – 1 bit
-	Flag for sub-PRB resource allocation – 1 bit
-	Resource block assignment – 
	BW (MHz)
	1.4
	3
	5
	10
	15
	20

	Bits
	0
	1
	2
	3
	4
	4



        + 5 or 6bits
-	Modulation and coding scheme – 3 or 4 bits 
-	Number of resource units – 1 bit 
-	Repetition number – 3 bits 
-	HARQ process number – 1 bit 
-	New data indicator – 1 bit 
-	DCI subframe repetition number – 2 bits 
If the Modulation and coding scheme in format 6-0B is 4 bits and set to all ones, format 6-0B is used for the indication of ACK feedback, and all the remaining bits except Flag for format 6-0B/format 6-1B differentiation and DCI subframe repetition number are set to zero. If ce-PUSCH-PUR-Config is enabled by higher layers and CRC is scrambled by PUR-RNTI, then: The 3 bits Repetition number field is usable and does not remain set to zero. The Number of resource units, HARQ process number, and New data indicator fields do not remain set to zero and their 3 bits are used to indicate a TA adjustment or a fallback to RACH/EDT as described in [TS 36.213].
If the number of information bits in format 6-0B mapped onto a given search space is less than the payload size of format 6-1B for scheduling the same serving cell and mapped onto the same search space (including any padding bits appended to format 6-1B), zeros shall be appended to format 6-0B until the payload size equals that of format 6-1B.



2.4	CE Mode change for PUR in idle mode
In RAN1 #98 it was agreed that “The PUR (re)configuration explicitly signals the CE mode which can only be changed via RRC signalling (i.e. not via L1 messages).”
What remains open is how to trigger a CE Mode change in idle mode for PUR. One possibility is to re-use the “PRACH CE levels” along with RSRP measurements for the UE to determine whether it has crossed to another CE Mode (or even another CE level within the same CE Mode). Based on this, the UE can report in UL (e.g., as part of the payload carried on PUSCH transmitted over PUR) a recommendation to keep or change the CE Mode (or even CE level within the same CE Mode), and subsequently the network can decide based on this report and possibly other criterions whether to perform the actual CE Mode change as recently agreed via RRC signalling.
Another possibility may consist in using the downlink channel quality measurement report, where the estimated number of repetitions needed to successfully decode the MPDCCH with 1% BLER would be mapped to a CE Mode and/or CE level as to suggest a CE Mode change.
Yet another possibility is that the CE mode change is decided by the eNodeB after the PUR transmission without any assistance from the UE [3].
[bookmark: _Toc24119855]How to trigger a CE Mode change in idle mode for PUR remains as an open issue.

[bookmark: _Toc24119874]RAN1 to down-select a report to trigger a CE Mode change in idle mode: 
· [bookmark: _Toc24119875]Alt1: Using RSRP measurements along with the legacy “PRACH CE levels” for the UE to report over PUSCH a recommendation to keep or change the CE Mode/CE level.
· [bookmark: _Toc24119876]Alt2: Using the downlink channel quality measurement report to suggest keeping or changing the CE Mode/CE level based on the estimated number of repetitions required to decode the MPDCCH.
· [bookmark: _Toc24119877]Alt3: The CE mode change is decided by the eNodeB after a PUR transmissions without any assistance from the UE.
2.5 	Early PUSCH termination for PUR
In RAN1 #98, it was agreed that for HD-FDD, FD-FDD, and TDD UEs the start of the PUR SS Window is 4 subframes after the end of the PUR transmission.
	Agreement
For dedicated PUR in idle mode and for HD-FDD UEs, the start of the PUR SS Window is 4 subframes after the end of the PUR transmission.
For dedicated PUR in idle mode and for FD-FDD/TDD UEs, the start of the PUR SS Window is 4 subframes after the end of the PUR transmission. 
· FFS whether/when the UE is monitoring for early termination during the PUR transmission 



What remains under FFS is deciding whether to allow for early termination during the PUR transmission. If early termination is supported for FD-FDD and TDD UEs, the pusch early termination procedures as when legacy mpdcch-UL-HARQ-ACK-FeedbackConfig is configured should be followed when possible [4].
However, the start of the mpdcch monitoring for early PUSCH termination in PUR will require more discussion (legacy cannot be followed for PUR) and may have an impact on HL if a configuration aspect is involved. Therefore, at this point of the WI “Early PUSCH termination” should not be specified in Rel-16.
[bookmark: _Toc24119856]If Early PUSCH Termination is supported for FD-FDD/TDD UEs, the pusch early termination procedures as when legacy mpdcch-UL-HARQ-ACK-FeedbackConfig is configured should be followed when possible.
[bookmark: _Toc24119878]The start of the mpdcch monitoring for early PUSCH termination in PUR will require more discussion and may have an impact on HL if a configuration aspect is involved. Therefore, at this point of the WI “Early PUSCH termination” should not be specified in Rel-16.
2.6	Preventing drastic power adjustments derived from compensating large path loss changes in PUR
A large path loss change will lead to a drastic power change attempting to compensate for it. Thus, preventing a PUR transmission to happen when a change in path loss goes beyond a threshold is desirable even if the TA is valid.
Even if the TA is valid, the UE should proceed to transmit over PUR only if the difference between the previous and the current “PL” (i.e., the path loss estimate) is less or equal than X dB. The value of X can be 6 dB, considering that close to the eNodeB even the minimum possible TA adjustment (i.e., 1TA which is equivalent to ⁓78 m) sometimes leads to a 6 dB path loss change, and because for example in legacy, the power used by the preambles during the power ramping procedure can be up to 6 dB.
[bookmark: _Toc24119857]There is also a need to prevent drastic power changes before the UL transmission occurs, since in some cases the TA validation mechanism won’t be able to act on it to prevent it.
[bookmark: _Toc24119879]Even if the TA is valid, the UE is only allowed to transmit over PUR if the difference between the previous and the current “PL” (i.e., the path loss estimate) is less or equal than +/- X.  X = +/- 6dB or Infinity (which disables it).
3	CFS PUR and CBS PUR in IDLE mode
In RAN1 #94bis, it was agreed that “In idle mode, dedicated PUR is supported”, while the “Support for CFS PUR” and the “Support for CBS PUR” remained as WA and FFS respectively.
3.1	CFS PUR
 The definitions of “CFS PUR” applicable for this Work Item objective was described as follows:
	Contention-free shared preconfigured UL resource (CFS PUR) is defined as an PUSCH resource simultaneously used by more than one UE
-	PUSCH resource is at least time-frequency resource
-	CFS PUR is contention-free 


In RAN1 #95 a set of simulation assumptions were agreed to evaluate the potential benefits of a CFS PUR scheme based on MU-MIMO [5], and since then a simulation campaign has been run to find out its potential gains [6-10].
[bookmark: _Hlk23460264]Beyond the potential gains that under certain conditions could be obtained from CFS PUR, in RAN1 #98bis it was mentioned that whereas the UL for CFS PUR is to some extend orthogonal (i.e., the DMRS symbols will be orthogonal but no the data part), the DL is not orthogonal at all and it needs to be assessed how to ACK and provide UL Grants to the UEs that transmitted simultaneously using CFS-PUR. Moreover, it is important to recall that in RAN1 #94 the following was agreed:
	Agreement 
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.


In the subsections below we discuss the DL aspects for CFS-PUR.
[bookmark: _Toc24119858]Whereas the UL for CFS PUR is to some extend orthogonal, the DL is not, and it needs to be assessed how to ACK and provide UL Grants to the UEs that transmitted simultaneously using CFS-PUR.
[bookmark: _Toc24119859]For the DL aspects in CFS-PUR, it needs to be taken into account that in RAN1 #94 it was agreed that “If both shared and dedicated resources are supported, strive for commonality in design of both resource types”.
[bookmark: _Toc24118986]The potential throughput gains for CFS-PUR at low snr regimes discussed so far refer to the instantaneous throughput (e.g., a) in Figure 1), however the DL has an impact on the potential UL gains since the response time determines the effective throughput gains (e.g., b) in Figure 1).
	a)
[image: ]

	b)
[image: ]


[bookmark: _Toc24118987]Figure 1: a) Instantaneous throughput gain accounting only for UL, b) Effective throughput gains accounting for both UL and DL.
[bookmark: _Toc24118988]The figure above shows that when it is accounted only for UL (e.g., at 10% BLER) the instantaneous throughput is ⁓6.9Kbps and ⁓3.5Kbps for CFS-PUR and Dedicated-PUR respectively, whereas when it is accounted for both UL and DL the effective throughput is ⁓0.054Kbps and ⁓0.052Kbps for CFS-PUR and Dedicated-PUR respectively.
3.1.1	ACK for CFS-PUR
In RAN1 #98bis it was mentioned that it needs to be investigated how to ACK UEs that transmitted simultaneously using CFS-PUR. Initial offline discussions resulted in the following preliminary proposals made by some companies:
· If we need to ACK several CFS-PUR UEs we could use additional frequency resources to provide DL responses (e.g., other PRBs to provide ACKs), but using some other PRBs just for ACKing CFS-PUR UEs will temporarily block the usage of those resources for other purposes and is not a feasible/good solution. Keep in mind that an UL transmission requiring many repetitions, will also require a DL response using as many or even more repetitions than UL.
· Some other companies mentioned that the ACKs can be time-multiplexed, which at first glance appears to be feasible but can create a bottle due to the large number of repetitions required in DL even if there are only a few UEs to be ACKed. Companies are aiming to have up to 8 CFS-PUR UEs, which will make unfeasible to use a time-multiplexing solution for ACKing CFS-PUR UEs. 
· One other company said that we could use the DL MU-MIMO that is in LTE specs, but it seems to use cover codes and other elements that do not have anything to do with the PUR’s framework. As previously mentioned in RAN1 #94 we agreed that “If both shared and dedicated resources are supported, strive for commonality in design of both resource types.”
Another solution that can be considered is to ACK CFS-PUR UEs in a similar manner as legacy provides random access responses to multiple preambles that may be simultaneously received during the RACH procedure. This solution will require using a “Common RNTI” as to have an MPDCCH pointing to a PDSCH containing time-multiplexed ACKs for the UEs that transmitted in UL using CFS-PUR. Moreover, it will be also needed to introduce a UE ID for the UEs to know which of the ACKs carried in the PDSCH is intended for each of them.
[bookmark: _Toc24119860]CFS-PUR may ACK UEs in a similar manner as legacy provides random access responses to multiple preambles that may be simultaneously received during the RACH procedure. This solution will require using a “Common RNTI” as to have an MPDCCH pointing to a PDSCH containing time-multiplexed ACKs.
3.1.2	UL-Grant for CFS-PUR
Providing UL-Grants to schedule retransmissions for the UEs that transmitted in UL using CFS-PUR will be tied to the DL scheme used to provide Acknowledgements since the UL-Grant and the L1-ACK are based on the same DCI Format. For example, if the DL scheme for CFS-PUR were the one using an MPDCCH pointing to a PDSCH carrying DL responses, the PDSCH should contain in a time-multiplexed fashion L1-ACKs, L2/L3-ACKs and UL-Grants since the UEs that transmitted in UL using CFS-PUR may require different DL responses.
[bookmark: _Toc24119861]Providing UL-Grants to the UEs that transmitted in UL using CFS-PUR will be tied to the DL scheme used to provide Acknowledgements since the UL-Grant and the L1-ACK are based on the same DCI Format.
3.1.3	Conclusion on CFS-PUR
UL Aspects:
From the simulations performed [6-10] it can be concluded that CFS-PUR starts to work at low snr regimes using a large number of repeats (e.g., >=64), and that the performance of MU-MIMO gets gradually closer to dedicated PUR if the number of repeats is increased further and/or if a smaller TBS is used. 
Moreover, it is important to mention that the potential UL throughput gains of CFS-PUR will vanish if the responses in DL take too long to assess all UEs, since the average throughput is the one that counts rather than the instantaneous UL throughput gain.
DL Aspects:
There are different alternatives to provide DL responses to CFS-PUR UEs which need to be properly analysed, compared, and ideally evaluated to find out the most suitable DL scheme. The DL scheme for CFS-PUR should be able to handle two different types of ACKs (i.e., L1-ACK and L2/L3-ACK), UL-Grants, a large number of repetitions, and up to 8 CFS-PUR UEs without creating bottle necks. Based on the above, it seems that “major design modifications” are likely to be required to make the DL of CFS-PUR operative.
Overall conclusion:
[bookmark: _Hlk23892385]CFS-PUR based on MU-MIMO puts all the complexity at the network side in terms of having to decode multiple UEs, pairing UEs, responding in DL to multiple UEs, etc. In addition, the DL aspects for CFS-PUR were completely overlooked until the last meeting, which need to be properly studied (and ideally evaluated) since they are essential to observe gains in UL, and one meeting doesn’t seem to be sufficient to assess them properly. Finally, the starting number of repeats (i.e., 64 repeats) from which CFS-PUR is intended to be used still has a 2dB BLER degradation with respect to dedicated PUR, whereas the lengthy DL responses are foreseen to create a DL bottle neck that will vanish any potential UL gains from CFS-PUR (especially for the ambition level of having up to 8 simultaneous CFS-PUR UEs).
[bookmark: _Toc24119862]The potential UL throughput gains of CFS-PUR will vanish if the responses in DL take too long to assess all UEs, since the average throughput is the one that counts rather than the instantaneous UL throughput gain.
[bookmark: _Toc24119863]CFS-PUR based on MU-MIMO puts all the complexity at the network side in terms of having to decode multiple UEs (at low snr regimes), pairing UEs, responding in DL to multiple UEs, etc.
[bookmark: _Toc24119864]The DL aspects for CFS-PUR were completely overlooked until the last meeting, which need to be properly studied (and ideally evaluated) since they are essential to observe gains in UL, and one meeting doesn’t seem to be sufficient to assess them properly.
[bookmark: _Toc24119880]CFS PUR is not supported in Rel-16.
3.3	CBS PUR

	Contention-based shared preconfigured UL resource (CBS PUR) is defined as an PUSCH resource simultaneously used by more than one UE
-	PUSCH resource is at least time-frequency resource
-	CBS PUR is contention-based (CBS PUR may require contention resolution)



For supporting a Shared PUR scheme that is contention-based, there is no need of adding another dimension (e.g., code domain, spatial domain) since the network can pre-allocate a number of “time-frequency PUSCH resources”, from which a UE can randomly select one of them to perform its UL transmission, this under the understanding that other UE(s) may have selected the exact same resource which would lead to a collision. For CBS PUR, normally the number of UEs that the network can support would have to be rather low as to guarantee low collision rate. Recently for the same work item in NB-IoT, it has been concluded that “CBS PUR is not supported in Rel-16” which can also be adopted for MTC.
[bookmark: _Toc24119865]For CBS PUR, the network can pre-allocate a number of “time-frequency PUSCH resources”, from which a UE can randomly select one of them to perform its UL transmission. For this kind of schemes, the number of UEs that the network can support would have to be rather low as to guarantee a low collision rate.
[bookmark: _Toc24119866]Recently for the same work item in NB-IoT, it has been concluded that “CBS PUR is not supported in Rel-16” which can also be adopted for MTC.
[bookmark: _Toc24119881]CBS PUR is not supported in Rel-16.
4	Conclusion
In the previous sections we made the following observations for PUR transmissions in IDLE mode:

Observation 1	The legacy 6-bit TA adjustment range (up to ⁓2496m) seems to be an over-provision of possible TA adjustments for UEs that in principle are expected to be stationary.
Observation 2	Even if the UEs happen to move, moving more than a few TA steps most likely will result in an invalid TA, making not possible anyway to perform a TA adjustment by a large amount.
Observation 3	Decreasing the number of repetitions could be seen as beneficial in terms of UE battery savings.
Observation 4	Increasing the number of repetitions for PUR devices may lead to a risk of overlapping the pre-configured resources of the adjacent PUR device.
Observation 5	In the view of closing this open issue, the legacy functionality can be re-used along with the legacy DCI field "Repetition number", and it can be let up to network scheduler to avoid any potential issue.
Observation 6	Introducing an indication for a “PUR L1 ACK for an application layer response message” will effectively create two types of L1-ACKs, one that effectively moves the UE back to idle (as per the RAN2 agreement) and some other one that will wake-up the UE after a lengthy gap, which impacts the DCI design.
Observation 7	In our view the RAN2 agreement that concludes the PUR procedure and moves back the UE to idle holds in general for the L1-ACK per se, especially because the network also has the possibility of transmitting a L2/L3-ACK otherwise.
Observation 8	In our view, two approaches can be used to introduce a PUR L1-ACK in CE Mode A and B using DCI Formats 6-0A and 6-0B respectively:
-	Alt1_DCI: Using a 1-bit Flag to distinguish between the “Legacy UL-Grant” and “PUR L1-ACK”.
-	Alt2_DCI: Re-using the Legacy Rel-15 L1-ACK and incorporate the PUR indications.
Observation 9	Alt2_DCI doesn’t need a Flag to distinguish between the “Legacy UL-Grant” and “PUR L1-ACK”, and in addition of allowing to re-use the existing L1-ACK design it results in less specification impacts.
Observation 10	How to trigger a CE Mode change in idle mode for PUR remains as an open issue.
Observation 11	If Early PUSCH Termination is supported for FD-FDD/TDD UEs, the pusch early termination procedures as when legacy mpdcch-UL-HARQ-ACK-FeedbackConfig is configured should be followed when possible.
Observation 12	There is also a need to prevent drastic power changes before the UL transmission occurs, since in some cases the TA validation mechanism won’t be able to act on it to prevent it.
Observation 13	Whereas the UL for CFS PUR is to some extend orthogonal, the DL is not, and it needs to be assessed how to ACK and provide UL Grants to the UEs that transmitted simultaneously using CFS-PUR.
Observation 14	For the DL aspects in CFS-PUR, it needs to be taken into account that in RAN1 #94 it was agreed that “If both shared and dedicated resources are supported, strive for commonality in design of both resource types”.
Observation 15	CFS-PUR may ACK UEs in a similar manner as legacy provides random access responses to multiple preambles that may be simultaneously received during the RACH procedure. This solution will require using a “Common RNTI” as to have an MPDCCH pointing to a PDSCH containing time-multiplexed ACKs.
Observation 16	Providing UL-Grants to the UEs that transmitted in UL using CFS-PUR will be tied to the DL scheme used to provide Acknowledgements since the UL-Grant and the L1-ACK are based on the same DCI Format.
Observation 17	The potential UL throughput gains of CFS-PUR will vanish if the responses in DL take too long to assess all UEs, since the average throughput is the one that counts rather than the instantaneous UL throughput gain.
Observation 18	CFS-PUR based on MU-MIMO puts all the complexity at the network side in terms of having to decode multiple UEs (at low snr regimes), pairing UEs, responding in DL to multiple UEs, etc.
Observation 19	The DL aspects for CFS-PUR were completely overlooked until the last meeting, which need to be properly studied (and ideally evaluated) since they are essential to observe gains in UL, and one meeting doesn’t seem to be sufficient to assess them properly.
Observation 20	For CBS PUR, the network can pre-allocate a number of “time-frequency PUSCH resources”, from which a UE can randomly select one of them to perform its UL transmission. For this kind of schemes, the number of UEs that the network can support would have to be rather low as to guarantee a low collision rate.
Observation 21	Recently for the same work item in NB-IoT, it has been concluded that “CBS PUR is not supported in Rel-16” which can also be adopted for MTC.
 
Based on the discussion in the previous sections we propose the following:
Proposal 1	Introduce a 3-bit TA adjustment for the L1-ACK (legacy TA range from 28 to 34) corresponding to: 0 m, +/- 78 m, +/- 156 m, and +/- 234 m.
	The unused combination is utilized to indicate an explicit fallback to RACH/EDT.
Proposal 2	For “PUSCH repetition adjustment” in the L1-ACK DCI: Re-use the legacy functionality along with the legacy DCI field "Repetition number", letting up to the network scheduler to avoid any potential issue.
Proposal 3	The L1-ACK DCI design should be based on the current RAN2 agreement and iff RAN2 provides a prompt and favourable response on the “L1-ACK for an application layer response message” then it can be included as part of the base-design.
Proposal 4	Re-use the Legacy Rel-15 L1-ACK and incorporate the PUR indications as follows:
	PUR L1-ACK using DCI Format 6-0A
	PUR L1-ACK using DCI Format 6-0B

	
-     Flag format 6-0A/format 6-1A differentiation – 1 bit, … 
-     Frequency hopping flag – 1 bit, … 
-     Number of resource units – 2 bits, … 
-     Resource block assignment – 
	BW (MHz)
	1.4
	3
	5
	10
	15
	20

	Bits
	0
	1
	2
	3
	4
	4


      + 5 or 6bits, …
-     Modulation and coding scheme – 3 or 4 bits, … 
-     Repetition number – 2 or 3 bits, …
-     HARQ process number – 3 bits
-     New data indicator – 1 bit
-     Redundancy version – 2 bits
-     TPC command for scheduled PUSCH – 2 bits, … 
-     UL index – 2 bits, … 
-     Downlink Assignment Index (DAI) – 2 bits, … 
-     CSI request – 1 bit, … 
-     SRS request –1 bit, … 
-     DCI subframe repetition number – 2 bits, … 
-     Modulation order override – 1 bit, … 
If the Resource block assignment in format 6-0A is set to all ones, format 6-0A is used for the indication of ACK feedback, and all the remaining bits except Flag format 6-0A/format 6-1A differentiation and DCI subframe repetition number are set to zero. If ce-PUSCH-PUR-Config is enabled by higher layers and CRC is scrambled by PUR-RNTI, then: The 2 bit Repetition number field is usable and does not remain set to zero. The 3 bit HARQ process number field does not remain set to zero either and is used to indicate a TA adjustment or a fallback to RACH/EDT as described in [TS 36.213].
If the number of information bits in format 6-0A mapped onto a given search space is less than the payload size of format 6-1A for scheduling the same serving cell and mapped onto the same search space (including any padding bits appended to format 6-1A), zeros shall be appended to format 6-0A until the payload size equals that of format 6-1A.
	
-	Flag for format 6-0B/format 6-1B differentiation – 1 bit
-	Flag for sub-PRB resource allocation – 1 bit
-	Resource block assignment – 
	BW (MHz)
	1.4
	3
	5
	10
	15
	20

	Bits
	0
	1
	2
	3
	4
	4



        + 5 or 6bits
-	Modulation and coding scheme – 3 or 4 bits 
-	Number of resource units – 1 bit 
-	Repetition number – 3 bits 
-	HARQ process number – 1 bit 
-	New data indicator – 1 bit 
-	DCI subframe repetition number – 2 bits 
If the Modulation and coding scheme in format 6-0B is 4 bits and set to all ones, format 6-0B is used for the indication of ACK feedback, and all the remaining bits except Flag for format 6-0B/format 6-1B differentiation and DCI subframe repetition number are set to zero. If ce-PUSCH-PUR-Config is enabled by higher layers and CRC is scrambled by PUR-RNTI, then: The 3 bits Repetition number field is usable and does not remain set to zero. The Number of resource units, HARQ process number, and New data indicator fields do not remain set to zero and their 3 bits are used to indicate a TA adjustment or a fallback to RACH/EDT as described in [TS 36.213].
If the number of information bits in format 6-0B mapped onto a given search space is less than the payload size of format 6-1B for scheduling the same serving cell and mapped onto the same search space (including any padding bits appended to format 6-1B), zeros shall be appended to format 6-0B until the payload size equals that of format 6-1B.



Proposal 5	RAN1 to down-select a report to trigger a CE Mode change in idle mode:
	Alt1: Using RSRP measurements along with the legacy “PRACH CE levels” for the UE to report over PUSCH a recommendation to keep or change the CE Mode/CE level.
	Alt2: Using the downlink channel quality measurement report to suggest keeping or changing the CE Mode/CE level based on the estimated number of repetitions required to decode the MPDCCH.
	Alt3: The CE mode change is decided by the eNodeB after a PUR transmissions without any assistance from the UE.
Proposal 6	The start of the mpdcch monitoring for early PUSCH termination in PUR will require more discussion and may have an impact on HL if a configuration aspect is involved. Therefore, at this point of the WI “Early PUSCH termination” should not be specified in Rel-16.
Proposal 7	Even if the TA is valid, the UE is only allowed to transmit over PUR if the difference between the previous and the current “PL” (i.e., the path loss estimate) is less or equal than +/- X.  X = +/- 6dB or Infinity (which disables it).
Proposal 8	CFS PUR is not supported in Rel-16.
Proposal 9	CBS PUR is not supported in Rel-16.
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