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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
One of the objectives of the Rel-16 WI on additional enhancements for NB-IoT [1] is to specify support for UL transmission in preconfigured resources.
	[bookmark: _Hlk515906322]Improved UL transmission efficiency and/or UE power consumption:
· 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


Agreements on transmission on UL preconfigured resources in RAN1#96bis – 98bis are listed below. All Rel-16 RAN1 agreements are collected in [2]. 
RAN1#96bis
	Agreement
In idle mode, a UE can be configured such that TA is always valid within a given cell.
· Up to RAN2 how to implement 
· e.g. PUR Time Alignment Timer or NRSRP Threshold = infinity 

Agreement 
The value(s) of NRSRP threshold(s) is UE specific

Agreement
The UE monitors the NPDCCH for at least a time period after a PUR transmission.
· FFS: Details of the time period
· FFS: UE behaviour if nothing is received in that time period. 
· FFS: If and how often UE monitors NPDCCH after a PUR allocation in which it has not transmitted

Agreement
Reuse existing field(s) of DCI format N0 to convey the dedicated PUR ACK

Agreement
After data transmission on PUR, upon unsuccessful decoding by eNB, the UE can expect an UL grant for retransmission on NPDCCH. Other behaviors are FFS.

Working Assumption#1
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.

Working Assumption#2
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. (LS is endorsed in eMTC agenda item)

Agreement 
For dedicated PUR in idle mode, the PUR configuration is configured by UE-specific RRC signaling.


RAN1#97
	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: Support for monitoring of PUR SS Window before PUR transmission
Note: The PUR SS Window is the time period where the UE monitors the NPDCCH for at least a time period after a PUR transmission

Agreement
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

Conclusion
CBS PUR is not supported in Rel-16

For further discussion
· Aspects related to notifying eNB of unused PUR resources.
· Potential enhancements of power control mechanisms for PUR. (The baseline is the existing NB-IoT open loop power control.)


RAN1#98
	Agreement
Confirm the Working Assumption#1 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

Agreement
Confirm the Working Assumption#2 in RAN1#96bis
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

Agreement
For dedicated PUR in idle mode, the maximum NPDCCH repetitions, X, is included in the PUR configuration and the PUR NPDCCH candidates are derived using legacy USS rules where rmax= X.

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 
NPUSCH repetition adjustment
Indication of PUR SS monitoring termination
Flag to indicate for L1 ACK
None of the above 
Note: No new indications will be considered.

Agreement
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

Agreement 
Open loop power control is used as power control mechanism for PUR.
· The power for PUR transmission is calculated based on pathloss regardless of the number of repetitions.

Agreement 
For dedicated PUR in idle mode and for FDD NB-IoT UEs, the start of the PUR SS Window is 4 subframes after the end of the PUR transmission.

Agreement
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)

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

Working assumption 
For NB-IoT allocation with 12 tones, for PUR with R>= [64 or 128 repetitions or ms]:
· Allow for UE-specific cyclic shift for DMRS:
· For 12 tone allocation, [2 or 4 or 8] cyclic shifts.
· For NPUSCH scrambling, the baseline is the current c_init equation by using the configured PUR_RNTI. 
· Companies are welcome to evaluate baseline c_init, alternative c_init (e.g. c_init for NPDSCH rotation sequence) equations, and other proposals. 
Note 1: The Working Assumption is also subject to the potential RAN2 and RAN4 specification impacts.
Note 2: It is transparent to a given UE whether the eNB is allocating other UEs in the same resource.


RAN1#98bis:
	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 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
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.

Conclusion
No consensus on the introduction of a mechanism to obtain a valid TA and allow the UE transmitting on PUR without transitioning to RRC_CONNECTED mode

Agreement on updating working assumption
The following previous working assumption is revised with modification in RED:
For NB-IoT allocation with 12 tones, for PUR with R>= [64 or 128 repetitions or ms]:
· Allow for UE-specific cyclic shift for DMRS:
· For 12 tone allocation, [2 or 4 or 8] cyclic shifts in TS 36.211 Table 5.2.2.1.1-2.
· For NPUSCH scrambling, the baseline is the current c_init equation by using the configured PUR_RNTI. 
· Companies are welcome to evaluate baseline c_init, alternative c_init (e.g. c_init for NPDSCH rotation sequence) equations, and other proposals (e.g., symbol-wise phase rotation). 
· FFS: whether any enhancement on top of legacy scrambling is needed
Note 1: The Working Assumption is also subject to the potential RAN2 and RAN4 specification impacts.
Note 2: It is transparent to a given UE whether the eNB is allocating other UEs in the same resource.
Note 3: It needs to be discussed how to ACK and to provide UL grant to UEs that transmitted simultaneously using CFS-PUR.


This contribution summarizes views and proposals in RAN1#99 [3]-[15].

[bookmark: _GoBack]L1 ACK DCI
There are two major remaining aspects: functionalities to be carried by the DCI and the DCI design.
Proposals are summarized in Table 1.

Table 1 – L1 ACK functionalities and DCI design
	Source
	Related Proposals & Observations

	Huawei, HiSilicon
	Observation 4: When there is no application layer feedback for PUR transmission, the time duration of the communication between eNB and MME/S-GW is small, i.e., about 20 ms; otherwise, the time duration can be very large, i.e., about 1~10 seconds.
Observation 5: When there is application layer feedback, the UE may consume too much power to monitor the PUR search space set in the PUR SS window for about 1~10 seconds.
Proposal 2: The dedicated PUR ACK DCI may indicate the PUR transmission is successful and UE may continue monitoring the PUR SS after a non-zero gap. The non-zero gap is part of the PUR configuration.
Observation 6: Based on TR 45.820, i.e., “A DL application layer ACK for an uplink periodic reporting event is assumed in 50% of UL MAR periodic reports generated.”, a proper answer to question a in the LS (R1-1911399) is 50%, which means this is a common case.
Observation 7: Based on an LS (R2-1804228) from RAN3 to RAN2/SA2/CT1, i.e., “the latency will be two times of backhaul delay (eNB<-->MME<-->SGW<-->PGW<-->Server) plus application server processing time”, it is reasonable to believe that the time duration in question b cannot be very small, and will possibly be hundreds of ms or several seconds or even larger.
Observation 8: Based on Observation 6 and Observation 7, it can be concluded that the proposed solution in Proposal 2 has significant benefits in many cases.

Observation 9: 3 bits TA adjustment is not enough since the PUR periodicity can be quite large (e.g., several hours) and the UE’s movement can be several hundred meters.
Proposal 3: For multi-tone NPUSCH transmission on PUR, the dedicated PUR ACK DCI conveys legacy 6 bits TA adjustment.

Proposal 4: For dedicated PUR ACK DCI design, the reserved states of “Subcarrier indication” field are used to indicate the following:
- I_sc=48: The PUR transmission is successful, the PUR procedure is concluded, and UE terminates the PUR SS monitoring
- I_sc=49: The PUR transmission is successful and UE may continue monitoring the PUR SS after a non-zero gap
- I_sc=50: The PUR transmission is unsuccessful and UE falls-back to EDT or RACH

Proposal 5: For dedicated PUR ACK DCI design, introduce “Timing advance adjustment” field to convey the TA adjustment when the “Subcarrier indication” field is set to 48 or 49 (i.e., I_sc=48 or 49):
-  For multi-tone PUR transmission: this field conveys the legacy 6 bits TA adjustment
-  For single-tone PUR transmission: 6 bits are reserved


	Sierra Wireless, S.A.
	Proposal 1:  	The PUR L1 ACK DCI should at least contain the following fields:
•	NPUSCH repetition adjustment

The LS to RAN2 in R1-1911399, asked RAN2 the “feasibility and benefit of the above PUR L1 ACK indication” meaning this feasibility and benefits of this RAN1 proposal:
The PUR transmission is successful and UE may continue monitoring the PUR SS after a non-zero gap. The non-zero-gap is part of the PUR configuration. The value of the non-zero gap will be decided by RAN2.
The issue is that RAN1 needs to finish the WI this meeting so we can’t wait for the RAN2 LS response.  Sierra suggest we try and make a working assumption for now so the DCI can be designed and if the RAN2 replies that is it not feasible or beneficial, we revert the working assumption. 

Sierra’s RAN2 paper R2-1915751 describes how this proposal is both feasible and beneficial in detail. In summary, if the application expects application data to follow (e.g. an application ACK), the application can request the gap length it needs, otherwise the gap can be set by the eNB.  The key is that the choice of the gap doesn’t need to be perfect: 
•	If the gap is set too small – the UE wakes up early and less battery power is saved 
•	If the gap is set too large – the eNB buffers the response and latency is increased

Proposal 2:  	Working assumption:
The PUR L1 ACK DCI shall contain a  flag to indicate that the PUR transmission is successful and the UE shall continue to monitor the PUR SS after a gap. The value of gap is in the PUR configuration. The value of the gap will be decided by RAN2.
•	Note: This WA is confirmed if the RAN2 reply LS states that this proposal is beneficial and feasible and is reverted if the RAN2 reply LS states that this proposal is not beneficial or is not feasible.


Proposal 3:  	To indicate an L1 PUR ACK DCI, NDI=1 in format N0.
The UE can assume an L1 PUR ACK DCI is only sent after PUR (re-)transmission(s) and before DL grants.

Proposal 4:  	When PUR L1 ACK DCI is indicated in DCI format N0:
•	The Resource assignment and Scheduling delay fields are repurposed as:
•	“ACK FLAG” and “Fall back to Legacy FLAG” - 1 bit 
•	TA adjustment 3 bits –  [-7 to +8]
•	WA: ACK + continue to monitor PUR SS after gap FLAG – 1 bit
•	The Repetition number field provides the Repetition adjustment using the legacy format 
•	All other fields are ignored

	Ericsson
	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.
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.

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.
Proposal 2	If it were agreed to have “NPUSCH repetition adjustments” 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.

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.
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.

Observation 8	In our view, two approaches can be used to introduce a PUR L1-ACK using DCI Format N0:
-	Alt1_DCI: Using a 1-bit Flag to distinguish between the “Legacy UL-Grant” and “PUR L1-ACK”.
-	Alt2_DCI: Re-using the Legacy MTC Rel-15 L1-ACK design 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 a L1-ACK design that exists in the E-UTRA specifications.

	ZTE
	Proposal 2: If nothing is received by the UE during the PUR search space window after PUR retransmission, the UE can assume that the PUR retransmission is successfully received.

Observation 1: Adjustment of target UL power level (P_0) can help UE in CE mode A optimize PUR transmission performance.
Proposal 4: For NPUSCH transmission when the number of repetitions of the allocated NPUSCH RUs equals to 1, Target UL power level (P_0) adjustment is support to be transmitted in L1 ACK DCI in PUR search space window
Proposal 5: A 2-bit information field with 4 value,{ -6dB, -3dB, 0dB, 3dB} is used to quantize the target UL power level (P_0) adjustment.

Observation 2: For the case that UE’s TX power reaches the maximum value, the adjustment of NPUSCH repetition number can help UE optimize the PUR transmission performance.
Proposal 6: For NPUSCH transmission when the number of repetitions of the allocated NPUSCH RUs is greater than 2, NPUSCH repetition adjustment is support to be transmitted in L1 ACK DCI in PUR search space window
Proposal 7: A 2-bit information field with 4 value,{1/2, 1, 2, 4} is used as NPUSCH repetition adjustment.
﹘	The corresponding adjustment value is {1/2*R，R，2*R，4*R} relatively, where R is NPUSCH repetition number configured in PUR configuration.

Proposal 8: For D-PUR in IDLE mode, NDI field in DCI format N0 can be used as the Flag to indicate L1 ACK DCI.

Proposal 9: For D-PUR in IDLE mode, PDCCH order is supported and is used to indicate the triggering of fallback to EDT or RACH.

	Qualcomm
	Proposal 1: For potentially successive DCIs associated with the same PUR retransmission grant, the UE shall assume that the updated TA for retransmission is determined by adding the TA adjustment in the DCI only once to the TA of the initial PUR transmission.
Proposal 2: For a non-zero TA adjustment in the DCI associated with PUR transmission, consider a relaxed NPDCCH-to-NPUSCH timeline with respect to legacy. FFS relaxed value.
Proposal 3: For every initial PUR configuration with R_PUR repetitions, a 2-bit DCI indication updates the NPUSCH repetition to a value from the derived set {R_PUR/4,R_PUR/2,R_PUR,2R_PUR }.

Proposal 4: Include a 1-bit flag in the DCI associated with PUR transmission which indicates to the UE the presence or absence of a higher layer acknowledgement from the eNB.

	LGE
	Proposal 1: When a UE receives a PUR L1 ACK after D-PUR transmission, the UE stops monitoring PUR search space.

	Nokia
	Proposal 1:	Joint decoding is used to encode the following functions of the PUR L1-ACK:
•	Retransmit using UL Grant
•	Fallback using EDT/RACH (explicit NACK)
•	Continue monitoring PUR SS
•	Stop monitoring PUR SS

Proposal 2:   	The PUR L1-ACK NPUSCH repetition adjustment field follows the existing 3-bit definition used for DCI formats N-0.

Proposal 3: 	All variants of the PUR L1-ACK DCI should support a TA field.

Proposal 4:   	The TA adjustment field for all variants of the PUR L1 ACK, uses 3 bits.

	Sequans
	Proposal 1:	Add indication of L2 messaging following a gap.

	Lenovo
	Proposal 2: In response to “ACK”, UE would stop NPDCCH monitoring and go directly to idle mode.
Proposal 3: The timing advance adjustment is based on TA of initial PUR transmission instead of accumulation timing advance adjustment.
Proopsal 4: The power adjustment is based on the previous power of  PUR transmission with accumulation power adjustment.
Proposal 5: The NPUSCH repetition adjustment should be the repetition number index offset to the initial repetition number index.
Proposal 6: For flag to indicate L1-ACK, the NDI field of PUR DCI is used to differentiate between L1 PUR ACK and NACK
Proposal 7: In response to “NACK”, UE behaviour depends on the PUR DCI indication.
Proposal 8:  No additional search space is configured for data early termination (e.g., search space during or before the PUR transmission).

	Intel
	Proposal 3:
•	The UE terminates monitoring of the current PUR SS after reception of L1 ACK signaling.

Proposal 4:
•	Support configurable periodic micro-sleep occurrences during the PUR SS time window.
•	Include the micro-sleep duration, periodicity and offset into PUR RRC configuration parameters.

Proposal 5:
•	The DCI bit to differentiate between formats N0/N1 is used to distinguish the DCI with downlink assignment;
•	Repurposed NDI bit of DCI format N0 is used to distinguish the DCI with UL grant;
•	Repurposed bit fields of DCI format N0 with a specific fixed NDI bit value are used to distinguish L1 ACK and fallback to legacy RACH/EDT indication and TA adjustment (L1 ACK only):
o	RV bit is repurposed to differentiate between L1 ACK and fallback indication;
o	For L1 ACK, the subcarrier indication bit field is repurposed for TA adjustment indication.

Proposal 6:
•	Support adjustment of the number of NPUSCH repetitions by L1 ACK.
•	In L1 ACK, reuse the bit field used in UL grant for signaling the number of NPUSCH repetitions and the repetition factors controlled by this field.

	Sony
	Proposal 1: Support that L1-ACK indicates additional PUR search space for application layer response purpose.
Proosal 2: The UE can be configured to receive in an additional PUR search space either (1) an NPDCCH to indicate NPDSCH (i.e. application layer response) or to receive a paging indication.

	Futurewei
	Proosal 1: The TA adjustment field is 6 bits as legacy.
Proposal 2: The dedicated PUR ACK DCI allows for indicating whether the UE continues monitoring the PUR search space after a gap.
Proposal 3: An ACK flag of 1 bit is used to identify whether the PUR ACK indicates the UE to stop monitoring the PUR search space or to continue monitoring the PUR search space after a gap.
Proposal 4: Two fields of 1-bit, A1 and A2, in DCI are used to indicate that after a PUR transmission the UE can expect to receive
1.	ACK indication and terminate PUR SS monitoring
2.	ACK indication and continue PUR SS monitoring (after a gap)
3.	NACK indication and terminate PUR SS monitoring (fallback to EDT/RACH)
4.	NACK indication and continue PUR SS monitoring
Proposal 5: A 1-bit flag is used to signal the case of NACK+retransmission. The flag is the state of an existing field. 
Proposal 6: The unused bits of the DCI scrambled by PUR-RNTI are set to ones. 



Functionalities of the DCI
Table 2 - Issue#1: Parameters that may be updated by the dedicated PUR ACK
	Source
	TA adjustment (agreed)
	NPUSCH repetition adjustment (TBD)
	Power adjustment (TBD)

	
	Issue: Size of TA adjustment field in the PUR L1 ACK DCI
	Issue: The TA adjustment field exists when the dedicated PUR ACK DCI indicates successful or unsuccessful decoding of PUR transmission
	Issue: Include NPUSCH repetition adjustment in the PUR L1 ACK DCI
	Issue: Include power adjustment in the PUR L1 ACK DCI

	Huawei, HiSilicon
	6 bits (legacy)
	Only when successful
	/ 
	/

	Intel
	6 bits (legacy)
	Only when successful
	Yes (legacy 3 bits)
	/

	Futurewei
	6 bits (legacy)
	/
	/
	/

	Ericsson
	3 bits
	Only when successful
	If agreed-legacy 3 bits
	/

	Sierra Wireless, S.A
	3 bits
	/
	Yes (legacy 3 bits)
	/

	Nokia
	3 bits
	Successful or unsuccessful
	Yes (legacy 3 bits)
	/

	ZTE
	/
	/
	Yes (2 bits)
	Yes (2 bits adjustment for P0)

	Qualcomm
	/
	/
	Yes (2 bits)
	/

	Lenovo
	/
	/
	Yes
	Yes (closed loop power control)

	Sequans
	3 bits
	Successful 
	/
	/



	
Potential Agreement# 1: (remove square brackets in RAN1#98 agreement)
In the dedicated PUR ACK DCI, the TA adjustment field is [6] bits as legacy.
· The TA adjustment field exists only when the dedicated PUR ACK DCI indicates successful decoding of PUR transmission


Potential Agreement# 2: 
The dedicated PUR ACK DCI at least includes the NPUSCH repetition adjustment, and the field is 3 bits.


[bookmark: _Ref24479137]Table 3 Issue#2: Indications in the dedicated PUR ACK DCI 
	Indication
	PUR tx status
	Function of the DCI

	Indication#1 (agreed)
	Successful
	· L1 ACK, i.e., the PUR transmission is successful, the PUR procedure is concluded, and the UE terminates the PUR SS monitoring

	Indication#2 (TBD)
	Successful
	· Continue monitoring, i.e., the PUR transmission is successful and the UE may continue monitoring the PUR SS after a non-zero gap

	Indication#3 (agreed)
	Unsuccessful
	· Fallback, i.e., the PUR transmission is unsuccessful and the UE falls-back to EDT or RACH



Table 4 Views on Indication#2
	Source
	Support for Indication#2 (i.e., the PUR L1 ACK DCI may indicate “the PUR transmission is successful and the UE may continue monitoring the PUR SS after a non-zero gap”)

	
	

	Huawei, HiSilicon
	Yes

	Nokia
	Yes

	Sierra Wireless, S.A.
	Yes (make a WA)

	Ericsson
	Yes (if RAN2’s reply is favourable)

	Sequans
	Yes

	Sony
	Yes

	Futurewei
	Yes

	LGE
	No

	Lenovo
	No

	Intel
	No (use periodic micro-sleep to solve the issue)



Potential Working Assumption# 1:
The dedicated PUR ACK DCI shall contain a flag to indicate that “the PUR transmission is successful and the UE may continue monitoring the PUR SS after a non-zero gap”. The non-zero gap is part of the PUR configuration. The value of the non-zero gap will be decided by RAN2.
· Note: This WA is automatically confirmed if the RAN2 reply LS states that this proposal is beneficial and feasible, and is reverted if the RAN2 reply LS states that this proposal is not beneficial or is not feasible.

DCI design
Table 5 Indications in the dedicated PUR ACK DCI 
	Source
	Issue#1: Support for Indication#1~3 are jointly encoded
	Issue#2: How to distinguish between “legacy UL grant DCI” and “dedicated PUR ACK DCI”

	
	
	Reserved state of “Subcarrier indication” field
	Reserved state of “Resource assignment” field
	Reserved state of “NDI” field

	Huawei, HiSilicon
	Yes for #1, #2, and #3
	Yes
	/
	/

	Ericsson
	Yes for #1, [#2], and #3
	/
	Yes
	/

	Sierra Wireless, S.A.
	Yes for #1 and #3
	/
	/
	Yes

	Intel
	Yes for #1 and #3
	/
	/
	Yes

	ZTE
	/
	/
	/
	Yes

	Nokia
	Yes for #1, #2, and #3
	/
	/
	/

	Futurewei
	Yes for #1, #2, and #3
	/
	/
	/

	Sequans
	Yes for #1-3
	/
	/
	/




Table 6 Proposals for DCI design 
	Source
	Proposals for Dedicated PUR ACK DCI design

	Huawei, HiSilicon
	Proposal 4: For dedicated PUR ACK DCI design, the reserved states of “Subcarrier indication” field are used to indicate the following:
- I_sc=48: The PUR transmission is successful, the PUR procedure is concluded, and UE terminates the PUR SS monitoring
- I_sc=49: The PUR transmission is successful and UE may continue monitoring the PUR SS after a non-zero gap
- I_sc=50: The PUR transmission is unsuccessful and UE falls-back to EDT or RACH

Proposal 5: For dedicated PUR ACK DCI design, introduce “Timing advance adjustment” field to convey the TA adjustment when the “Subcarrier indication” field is set to 48 or 49 (i.e., I_sc=48 or 49):
-  For multi-tone PUR transmission: this field conveys the legacy 6 bits TA adjustment
-  For single-tone PUR transmission: 6 bits are reserved

	Ericsson
	If nb-iot-PUSCH-PUR-Config is enabled by higher layers, the CRC is scrambled by PUR-RNTI, and resource assignment fields in format N0 are set to all ones, format N0 is used for the indication of ACK feedback, and all the remaining bits are set to zero except Flag for format N0/format N1 differentiation, the 3 bit Repetition number field which is used to indicate a TA adjustment or a fallback to RACH/EDT as described in [TS 36.213], and the 1 bit HARQ process number field which is used to adjust the PUSCH repetition number as described in [TS 36.213].

	Sierra Wireless, S.A.
	Proposal 4:  	When PUR L1 ACK DCI is indicated in DCI format N0:
•	The Resource assignment and Scheduling delay fields are repurposed as:
•	“ACK FLAG” and “Fall back to Legacy FLAG” - 1 bit 
•	TA adjustment 3 bits [-7 to +8]
•	WA: ACK + continue to monitor PUR SS after gap FLAG – 1 bit
•	The Repetition number field provides the Repetition adjustment using the legacy format 
•	All other fields are ignored

	Intel
	Proposal 5:
•	The DCI bit to differentiate between formats N0/N1 is used to distinguish the DCI with downlink assignment;
•	Repurposed NDI bit of DCI format N0 is used to distinguish the DCI with UL grant;
•	Repurposed bit fields of DCI format N0 with a specific fixed NDI bit value are used to distinguish L1 ACK and fallback to legacy RACH/EDT indication and TA adjustment (L1 ACK only):
o	RV bit is repurposed to differentiate between L1 ACK and fallback indication;
o	For L1 ACK, the subcarrier indication bit field is repurposed for TA adjustment indication.

	UL Grant
	L1 ACK
	Fallback Indication

	NDI=0
	NDI=1

	RV (1 bits)
	L1 ACK/Fallback Indication differentiation (1 bit)

	Subcarrier indication (6 bits)
	TA adjustment (6 bits)
	0







Potential Agreement# 3: 
In the dedicated PUR ACK DCI, the following indications are jointly encoded (i.e., the following indications exist in the same field)
1. Indication#1: L1 ACK, i.e., the PUR transmission is successful, the PUR procedure is concluded, and the UE terminates the PUR SS monitoring
2. (if WA is confirmed) Indication#2: Continue monitoring, i.e., the PUR transmission is successful and the UE may continue monitoring the PUR SS after a non-zero gap
3. Indication#3: Fallback, i.e., the PUR transmission is unsuccessful and the UE falls-back to EDT or RACH


Potential Agreement# 4: (pending previous agreements/confirmation of WA)
The NDI field in DCI format N0 is used to distinguish between “legacy UL grant DCI” and “dedicated PUR ACK DCI”. NDI=1 indicates the dedicated PUR ACK DCI.
In the “dedicated PUR ACK DCI”:
· Flag to indicate {Indication#1, [Indication#2,] Indication#3}	(1 or 2 bits)
· TA adjustment (3 or 6 bits)
· Note: TA adjustment field only exists for Indication#1 and Indication#2
· NPUSCH repetition adjustment	(3 bits)
· All the remaining bits are set to one

The easiest way to reuse the existing fields is from the beginning in order, as this avoids the unnecessary exercise of picking field(s) to match exactly in size. The number of bits used for the PUR ACK DCI is rather limited, and there are plenty of bits in the DCI. 

Skipping PUR transmission
When the UE skips transmission, there are proposals to notify the eNB that the allocated preconfigured resources are not being used and can be released earlier without waiting for the configured maximum number of skipped transmissions.

Table 7 PUR skipping
	Source
	Related Proposals & Observations

	NTT DOCOMO, INC.
	Proposal 2: UE that has no UL data to send may transmit predefined patterns of bits to keep its dedicated PUR transmission.

	Huawei, HiSilicon
	Observation 10: Without the notification to the eNB of unused PUR, the eNB needs to do blind decoding on the PUR resources to find out whether the UE skips PUR or not. This wastes eNB power consumption.
Observation 11: Without the notification to the eNB of unused PUR, the eNB cannot allocate the PUR to other UEs, and therefore wastes UL resource.
Proposal 6: RAN1 considers eNB blind decoding complexity, power consumption, and waste of UL resource due to unused PUR in the design of PUR mechanisms.
Observation 12: The power consumption and wasting of the unused PUR cannot be resolved considering a long duration of UL signals needs to be accumulated for DMRS detection for NPUSCH format 1.
Observation 13: If the UE sends an indication signal, which is highly detectable, at the head of the PUR to notify the eNB of unused PUR, the eNB can know the UE skips PUR, then the eNB can stop blind decoding UL signals on PUR, thus reducing eNB power consumption. Moreover, the eNB can allocate the remaining part of PUR to other UEs, thus reducing waste of UL resource.
Proposal 7: When the UE skips PUR, the UE shall send N continuous slots of legacy DMRS sequence at the head of the PUR to notify the eNB that it is not using the currently allocated PUR, where N is given in PUR configuration.

	ZTE
	Observation 3: Even though the false detection of skipping PUR happens, the impact on procedure of PUR transmission is negligible.
Proposal 11: If dedicated PUR skipping is enabled, it is up to eNB’s implementation for the detection of PUR skipping.
Proposal 12: An indicator configured by eNB is used to indicate whether PUR skipping is enabled or not.
Proposal 13: If PUR skipping is not enabled, a predefined block of bits is transmitted on the PUR when UE has no UL data to transmit on PUR.
Proposal 14: If PUR skipping is not enabled, when the number of consecutive PUR transmissions with the predefined block of bits is larger than a threshold configured by eNB, eNB releases the PUR resources.

	Sequans
	Observation 1:	A shorter signalling for when a UE wishes to reserve the PUR allocation allows for power conservation.
Observation 2:	For long transmission time the advantages of shorter signalling may be more pronounced.
Observation 3:	For high-repetition allocation the eNB may be able to reuse some of the resources.
Proposal 2:	UE sends a predefined block of bits shorter than the configured PUR duration in the last skipped PUR allocation to indicate the eNB that it is not using the currently allocated PUR, and this will not be considered as a skipped transmission by the UE or eNB.
-The duration of the predefined signaling (duration = 0 is disabling this feature) is included in the PUR configuration. Signaling is 0, 1/2, 1/4, and 1/8 of the duration.



It is suggested to further refine the proposal below. The merit of this proposal is that the signaling is simple and allows the UE to save power and eNB to reallocate unused PUR resources elsewhere without waiting for the maximum number of skipped transmissions. 

Potential Agreement# 5: 
UE sends a predefined block of bits shorter than the configured PUR duration in the last skipped PUR allocation to indicate the eNB that it is not using the currently allocated PUR, and this will not be considered as a skipped transmission by the UE or eNB.
· The duration of the predefined signaling (duration = 0 is disabling this feature) is included in the PUR configuration. Signaling is 0, 1/2, 1/4, and 1/8 of the duration.


PUR configuration 
Table 8 PUR configuration
	Source
	Related Proposals & Observations

	Huawei, HiSilicon
	Proposal 8: For dedicated PUR, the configured number of repetitions and configured TBS are the maximum number of repetitions and maximum TBS supported by the PUR.
Proposal 9: The UE is allowed to use a smaller TBS than the TBS configured in PUR configuration, and can scale down the repetition number in a way similar to Rel-15 EDT.
Proposal 10: The DL carrier frequency is included in PUR configuration.

	Lenovo
	Proposal 9:  PUR resource can be configured as periodic starting subframe and resource duration for each PUR resource occasion.

	Qualcomm
	[bookmark: _Hlk24728186]Proposal 7: In the RRC configuration for PUR, include the carrier location for receiving a DL response to PUR transmissions.



Consider the following potential agreements:

Potential Agreement# 6: 
In the RRC configuration for PUR, include the DL carrier location for receiving a DL response to PUR transmissions.

Potential Agreement# 7: 
In the RRC configuration for PUR, the configured number of repetitions and configured TBS are the maximum values supported by the PUR. The UE can use a smaller TBS than the configured TBS, and can scale down the repetition number in a way similar to Rel-15 EDT.

Potential Agreement# 8: 
PUR resource can be configured as periodic starting subframe and resource duration for each PUR resource occasion.

PUR SS overlaps in time domain
Table 9 PUR SS overlap
	Source
	Related Proposals & Observations

	Huawei, HiSilicon
	Observation 14: When PUR SS overlaps with Paging CSS, prioritizing PUS SS has the benefit that UE can receive indications related to PUR and do not need to switch DL carrier, but at the cost that UE may miss paging and cause paging delay.
Observation 15: The eNB cannot send paging message to a UE through PUR SS since the eNB is not able to map the IMSI/S-TMSI contained in the paging message to a UE configured with PUR, which is due to the fact that higher layer UE_IDs (e.g., IMSI, S-TMSI) for idle mode UEs cannot be maintained by eNB.
Observation 16: If the UE prioritizes PUR SS when it overlaps with Paging CSS, 
-  For a UE operated only in DRX mode, the paging delay is small since the DRX cycle is small.
-  For a UE operated in eDRX mode, the paging delay can be very large since the maximum eDRX cycle can be ~2.9 hours.
Proposal 11: After a PUR transmission, when PUR SS overlaps with Paging CSS
-  For a UE operated only in DRX mode, the UE prioritizes PUR SS
-  For a UE operated in eDRX mode, the UE prioritizes Paging CSS

	Sierra Wireless
	P-RNTI
Since the UE is technically still in idle while monitor the PUR SS, the UE maybe page using the P-RNTI, so P-RNTI also need to be monitored. However, since this is legacy idle mode procedures, a RAN1 agreement is not necessary. 

SI-RNTI
Since UE is technically still in idle while monitor the PUR SS, the UE is required to monitor SI-RNTI to see if any SI changes occur, so SI-RNTI also need to be monitored. However, since this is legacy idle mode procedures, a RAN1 agreement is not necessary. 

G-RNTI and SC-RNTI
These RNTI’s are used for dynamically scheduled SC-PTM transmissions and control information so a UE that is using SC-PTM would also need to monitor these RNTI’s. Since this is legacy idle mode procedures, a RAN1 agreement is not necessary. 

Although there is no need to make RAN1 agreements to support the monitoring of these other RNTI’s, RAN1 could decide the UE priority if the carrier needed to monitor these other RNTI’s do not overlap with the PUR SS narrowband. 
Observation 1:	RNTI priority monitoring could be specified in RAN1

	ZTE
	Proposal 3: For dedicated PUR in idle mode, when PUR SS in time domain overlaps with paging transmission window (PTW), the UE does not need to monitor paging message in the PTW.

	LGE
	Proposal 3: When PUR search space collides with Type1-CSS, selected one of the following alternatives.
	Alt.1 UE is not expected to monitor PUR search space 
	Alt.2 UE is not expected to monitor Type1-CSS

	NTT Docomo
	Proposal 3: If PUR SS and Paging SS are collided, it is not required to monitor PUR SS.



Consider the following:

Potential Agreement# 9: 
After a PUR transmission, when PUR SS overlaps with Paging CSS, select one of the following alternatives:
· Alt1: UE prioritizes monitoring Paging SS
· Alt2: 
· For a UE operated only in DRX mode, the UE prioritizes monitoring PUR SS
· For a UE operated in eDRX mode, the UE prioritizes monitoring Paging SS

Other proposals for dedicated PUR
Table 10 Other proposals
	Source
	Related Proposals & Observations

	Ericsson
	Observation 10	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.
Proposal 5	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).

	Qualcomm
	Proposal 5: Configuration of PUSCH Format 2 associated with PUR is dedicated for a UE, and the dedicated indication is part of the initial PUR configuration. FFS details of dedicated configuration, for example indication of number of repetitions, subcarrier to be used, etc.

	ZTE
	Proposal 1: For dedicated PUR in RRC_IDLE mode, when TA is valid, a PUR UE should not send non-PUR related data via legacy EDT or RACH process within a time period which starts from X ms before a PUR resource and end in Y ms after the PUR resource. Wherein, X, Y are configured by eNB. - If the resources for non-PUR related data transmission via legacy EDT or RACH process collides with PUR resources, the UE shall not use the PUR resources for PUR transmission.
Proposal 10: For dedicated PUR in idle mode, TA validation should be completed within a time period which is X subframes long and Y subframes before it’s PUR allocation. -	X,Y are configured in PUR configuration.

	Sierra Wireless
	Observation 2:	Cellular  and security overhead of 1007 bits is common, thus supporting larger PUR message sizes is important.
Proposal 5:  	When MTBG is enabled, the PUR L1 ACK DCI indicated successful decoding is sent after all the TB in the MTBG have been successfully decoded.

	Lenovo
	Proposal 1: For uplink transmission based dedicated PUR, only single TB and single HARQ process are supported in Rel.16.




CFS PUR
From RAN1#98bis:
	Working assumption
The following previous working assumption is revised with modification in RED:
For NB-IoT allocation with 12 tones, for PUR with R>= [64 or 128 repetitions or ms]:
· Allow for UE-specific cyclic shift for DMRS:
· For 12 tone allocation, [2 or 4 or 8] cyclic shifts in TS 36.211 Table 5.2.2.1.1-2.
· For NPUSCH scrambling, the baseline is the current c_init equation by using the configured PUR_RNTI. 
· Companies are welcome to evaluate baseline c_init, alternative c_init (e.g. c_init for NPDSCH rotation sequence) equations, and other proposals (e.g., symbol-wise phase rotation). 
· FFS: whether any enhancement on top of legacy scrambling is needed
Note 1: The Working Assumption is also subject to the potential RAN2 and RAN4 specification impacts.
Note 2: It is transparent to a given UE whether the eNB is allocating other UEs in the same resource.
Note 3: It needs to be discussed how to ACK and to provide UL grant to UEs that transmitted simultaneously using CFS-PUR.



The table below summarizes CFS PUR proposals in this meeting. 

Table 11 CFS PUR
	Source
	Proposals

	Qualcomm
	Proposal 6: Confirm the following working assumption: 
For NB-IoT allocation with 12 tones, for PUR with R>= 64 repetitions or ms:
-	Allow for UE-specific cyclic shift for DMRS:
o	For 12 tone allocation, 8 cyclic shifts.
Observation 4: ACK-ing and providing UL grant for PUR retransmission for UEs using CFS-PUR follow the same procedures as that of UEs transmitting via D-PUR and the ACK resources as well as the resources for UL grants are orthogonalized in time and frequency.
Proposal 7: In the RRC configuration for PUR, include the carrier location for receiving a DL response to PUR transmissions.

	Huawei, HiSilicon
	Observation 17: For 12 tones CFS PUR transmission with 128 repetitions and 10% BLER performance, compared with legacy bit-level scrambling, the additional symbol-level scrambling used in legacy NPDSCH can achieve 1.6 dB gain.
Observation 18: For 12 tones transmission in the same resource with either 64 repetitions or 128 repetitions, the BLER performance is slightly degraded for CFS PUR compared with that for dedicated PUR.
Observation 19: For 12 tones transmission in the resource with either 64 repetitions or 128 repetitions, the throughput of two UEs’ transmission on CFS PUR is almost double of that for single UE transmission on the dedicated PUR.
Observation 20: For 6 tones transmission in the same resource with either 64 repetitions or 128 repetitions, the BLER performance is slightly degraded for CFS PUR compared with that for dedicated PUR.
Observation 21: For 6 tones transmission in the resource with either 64 repetitions or 128 repetitions, the throughput of two UEs’ transmission on CFS PUR is almost double of that for single UE transmission on the dedicated PUR.
Observation 22: For 3 tones transmission in the same resource with either 64 repetitions or 128 repetitions, the BLER performance is slightly degraded for CFS PUR compared with that for dedicated PUR.
Observation 23: For 3 tones transmission in the resource with either 64 repetitions or 128 repetitions, the throughput of two UEs’ transmission on CFS PUR is almost double of that for single UE transmission on the dedicated PUR.
Observation 24: For single tone transmission in the same resource with either 64 repetitions or 128 repetitions, the BLER performance is slightly degraded for CFS PUR compared with that for dedicated PUR.
Observation 25: For single tone transmission in the resource with either 64 repetitions or 128 repetitions, the throughput of two UEs’ transmission on CFS PUR is almost double of that for single UE transmission on the dedicated PUR.
Observation 26: For CFS PUR, the PUR ACK DCIs or UL grant for retransmissions for multiple UEs can be transmitted on different DL carriers.

Proposal 13: Confirm the working assumption in RAN1#98bis for 12 tones PUR transmission:
-	For NB-IoT allocation with 12 tones, for PUR with R>=64 repetitions or ms, allow for UE-specific cyclic shift for DMRS:
o	For 12 tones allocation, 8 cyclic shifts in TS 36.211 Table 5.25.2.1.1-2.

Proposal 14: For PUR with 3/6 tones and single tone transmission with R >= 64 repetitions or ms:
-	For 3/6 tones, allow for UE-specific cyclic shift for DMRS: 
o	For 6 tones allocation, 4 cyclic shifts in TS 36.211 Table 10.1.4.1.2-3.
o	For 3 tones allocation, 3 cyclic shifts in TS 36.211 Table 10.1.4.1.2-3.
-	For single tone, allow for UE-specific u in TS 36.211 Table 10.1.4.1.1-1 for DMRS:
o	For single tone allocation, 16 different u.

	Intel
	Proposal 1:
•	Confirm the working assumption on CFS PUR supported with orthogonal DMRS for UL MIMO in scenarios with NB-IoT allocation of 12 tones.
o	Multiple orthogonal DMRS, e.g., by means of UE-specific cyclic shift, are not supported in CFS PUR with a smaller allocation size.
•	CDMA/OCC-based multiplexing within CFS PUR is not supported in Rel-16.

	Lenovo, MM
	Proposal 10: For CFS PUR, the number of supported UE-specific cyclic shift is configured by eNB.
Proposal 11: The scrambling code can be further initialized by the index of cyclic shift.

	Nokia, NSB
	Proposal 5:   	The working assumption for CFS PUR is agreed.

	Futurewei
	Proposal 7: Confirm the WA from RAN1#98bis.

	Ericsson
	Observation 15	The WA only considers the 12-subcarrier allocation case, which cyclic shift equals to zero according to legacy. This means that the cyclic shift table from MTC needs to be borrowed which has dependencies with other equations, and it is unclear how this is going to create synergies with the NB-IoT.
Observation 16	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 17	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 18	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.
Proposal 6: CFS PUR is not supported in Rel-16

	ZTE
	Proposal 15: More verification is needed before confirming the working assumption.
Proposal 16: No further change will be adopted for NPUSCH scrambling enhancement in Rel-16.



Most companies suggest introducing CFS PUR in Rel-16 and at least confirm the working assumption. One company proposes not to support CFS PUR. One company proposes more verification and the adoption of the existing Rel-16 NPUSCH scrambling.
It is suggested to agree to the working assumption in RAN1#98bis, after removing parts with FFS, baseline assumptions and notes.

Potential Agreement# 10: 
Confirm the WA on CFS PUR in RAN1#98bis.
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