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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#94 [2], RAN1#94b [3] and RAN1#95 [4] follow.
RAN1#94
	Agreement
Idle mode based pre-configured UL resources is supported for UEs in possession of a valid TA
· FFS: Validation mechanism for TA
· FFS: How the pre-configured UL resources is acquired

Agreement
For transmission in preconfigured UL resources, the UE may use the latest TA of which its validity can be confirmed

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.

Agreement
HARQ procedures for transmission in preconfigured UL resources should be studied and the following aspects should be considered: 
· Whether to support HARQ;
· If supported, details of HARQ design including the number of HARQ processes;
· Whether ACK/NACK is necessary
Fallback mechanisms should be considered, e.g. fallback to legacy RACH/EDT procedures.


RAN1#94b
	Agreement
In idle mode, the UE will at least consider one or more of the following attributes when validating TA (combination of multiple attributes is allowed):
· Serving cell changes (serving cell refers the cell that the UE is camping on)
· Time Alignment Timer for idle mode 
· Serving cell NRSRP changes (serving cell refers the cell that the UE is camping on)
· FFS Other attributes: 
· Neighbour cell NRSRP change
· TDOA of >=2 eNBs 
· TA History
· Subscription based UE differentiation
· Others not precluded (for example, attributes that need to be considered for high mobility UEs)
Note that UE power consumption should be taken into account for the FFS attributes

Agreement
For transmission in preconfigured UL resources, an RRC idle UE may use the latest TA that passed the validation criteria

Agreement
Pre-configured UL resources for transmission of data are indicated by RRC signaling. At least UE-specific RRC signaling is supported.

Agreement
The resource configuration includes at least the following 
· Time domain resources including periodicity(s) 
· Frequency domain resources
· TBS(s)/MCS(s)

Agreement 
For UL transmission in preconfigured resource, fallback mechanism to RACH/EDT procedures is supported.

Agreement
Dedicated preconfigured UL resource is defined as an NPUSCH resource used by a single UE 
· NPUSCH resource is time-frequency resource
· Dedicated PUR is contention-free 
Contention-free shared preconfigured UL resource (CFS PUR) is defined as an NPUSCH resource simultaneously used by more than one UE
· NPUSCH resource is at least time-frequency resource
· CFS PUR is contention-free 
Contention-based shared preconfigured UL resource (CBS PUR) is defined as an NPUSCH resource simultaneously used by more than one UE
· NPUSCH resource is at least time-frequency resource
· CBS PUR is contention-based (CBS PUR may require contention resolution)

Agreement 
In IDLE mode, HARQ is supported for transmission in dedicated PUR
· A single HARQ process is supported, 
· FFS whether two HARQ processes are supported
· FFS: The design of the corresponding NPDCCH search space

Agreement
In idle mode, dedicated PUR is supported.
· Support for CFS PUR is FFS.
· Support for CBS PUR is FFS.


RAN1#95
	Agreement 
In idle mode, at least the following TA validation attributes are supported:
· Serving cell changes (serving cell refers the cell that the UE is camping on)
· Time Alignment Timer for idle mode 
· Serving cell NRSRP changes (serving cell refers the cell that the UE is camping on)
· Based on NRSRP measurement definition in existing Rel-15 TS36.214
Send LS to RAN2, RAN4 to consider in their work. All the agreements with ‘include in LS to RAN2, RAN4’ for NB-IoT and eMTC should be captured in this LS. The LS is endorsed in R1-1813778

Agreement
The UE can be configured to use at least these TA validation attributes:
· Time Alignment Timer for idle mode 
· Serving cell NRSRP changes 
· Note: the configuration shall support disabling of the TA validation attributes
Include in LS to RAN2, RAN4.

For further study:
TA validation attributes:
· Subscription based UE differentiation (or Stationary indication in held in subscription)
· Cell specific indication where TA is valid within that cell

Agreement
Include in LS to RAN2, RAN4:
RAN1 assumes that a UE transitioning from EDT/connected to idle mode can use the valid TA that was used while in EDT/connected mode. 

Agreement
For dedicated PUR in idle mode, the UE may skip UL transmissions.
· FFS: Resource release mechanism
· FFS: Whether or not to support mechanism to disable skipping by eNB

Agreement
In idle mode, only one HARQ process is supported for dedicated PUR

Agreement
For dedicated PUR in idle mode, UL grant for HARQ retransmission is transmitted in search space
· FFS: Details on the search space (for example USS, CSS)


This contribution summarizes views and proposals from different companies [5]-[18].
Timing Advance (TA)
Validation mechanisms
In RAN1#95, three attributes, i.e., Serving cell changes, Time Alignment Timer for idle mode, and Serving cell NRSRP changes, have been agreed to be supported. Subscription based UE differentiation, and Cell specific indication where TA is valid within that cell, have been discussed in RAN1#95 and left for further study. Table 1 summarizes related proposals and observations. 
[bookmark: _Ref1642342]Table 1 Proposals and observations on TA
	Source
	Related Proposals & Observations

	Huawei, HiSilicon
	Proposal 1: When validating the serving cell NRSRP change criterion, the UE uses the latest serving cell NRSRP measurement results close to the time instance when the current TA is obtained by UE and the time instance when the UE performs data transmission on PUR.
· The UE may reuse the latest serving cell NRSRP measurement results of legacy RRM measurements, so there would be no additional RRM measurement overhead for TA validation.
Observation 1: In some use cases, such as smart metering, there might be no change or just very limited change on the TA value. The eNB can set the value of Time Alignment Timer for idle mode and NRSRP change threshold to infinity to ensure the TA is always valid.
Proposal 2: The value of infinity is supported for both the Time Alignment Timer for idle mode and NRSRP change threshold.
· When the value is set to infinity, the UE can skip checking the corresponding TA validation criteria.
Observation 2: Both of the two FFS attributes are helpful for the eNB to configure more suitable TA validation attributes and values to the UE.
· For example, if the eNB knows the UE is stationary or if the eNB considers the timing error of UE can be covered by the cyclic prefix when the UE is in the same cell, then the value of either Time Alignment Timer or NRSRP change threshold can be set to a large number or infinity.
Observation 3: Since the eNB knows whether the UE is stationary or not and also knows the TA value configured to the UE, there is no need to specify these two attributes to reduce UE complexity and signaling overhead.
Proposal 3: Do not specify the two FFS attributes, i.e., Subscription based UE differentiation (or Stationary indication in held in subscription), and Cell specific indication where TA is valid within that cell.
Proposal 4: When the UE is configured to use several TA validation attributes, the TA is valid only when all the configured TA validation attributes are satisfied.
· FFS whether introduce priority for TA attributes

	Ericsson
	Observation 1	When more than one TA validation mechanism is being used, it needs to be clarified whether the TA should be declared as invalid as soon as any of the TA validation mechanisms result in a validation criterion that is no longer met.
Proposal 1	The TA is declared as invalid, if any of the TA validation mechanisms being used result in a validation criterion that is no longer met.
Observation 4	During RAN1 #95, some companies mentioned that a “Cell specific indication where TA is valid within that cell” can be achieved by including the value of “Infinity” into the set of configurable values of other TA validation mechanisms. However, if it were coupled to a TA validation mechanism that was not configured, then we would be losing not only one but two TA validation mechanisms at the same time. Moreover, there is no agreement and no guarantee that the value of “infinity” is going to be included as part of the set of values used by other TA validation mechanisms.
Proposal 4	The “stationary indication” is supported for making use of it when the network happens to support “Subscription based UE differentiation” (i.e., “Subscription based UE differentiation” is not a requisite for supporting PUR)
Proposal 5	The “Cell specific indication where TA is valid within that cell” is supported by signalling to the UE that the TA can always be considered as valid.

	Sierra Wireless
	Proposal 1:  	In idle mode, the following TA validation attributes are NOT specified by RAN1:
•	Neighbour cell NRSRP change 
•	Subscription based UE information (e.g. Stationary indication in held in subscription)
•	TDOA of >=2 eNBs
•	TA Update History

Proposal 2:  	The TA validation configuration shall be UE specific.  
Proposal 3:  	The UE considers the TA as invalid if the serving cell changes
Proposal 4:  	The TA validation configuration shall include “TA Validation Timer”
•	Where the UE considers the TA as invalid if the (current time – time at last TA update) > the TA Validation Timer
•	RAN2 shall specify the TA Validation Timer range 

Observation 1:	 The change in NRSRP is highly dependent on the distance from the eNB
Proposal 5:  	The ∆NRSRP_Threshold(s) should be UE specific.
Observation 2:	The ∆NRSRP depends on whether the UE is moving towards or away from the eNB.
Proposal 6:  	The TA is considered invalid if the following condition is not met (i.e. FALSE)
∆RSRP_ThNeg  < ∆RSRP  < ∆RSRP_ThPos
•	Where ∆RSRP = (RSRP when TA was given) – (RSRP when the TA is evaluated)

Proposal 7:  	The “∆RSRP_ThPos” and “∆RSRP_ThNeg” parameters shall either be calculated by the UE or be signalled to the UE

	MediaTek
	Proposal 4: Extend UE and eNB behaviours in connected mode for UL timing alignment procedure to idle UE– i.e.
· idle UE can reuse last TA command in serving cell before going to idle for early transmission in PUR  if still camping on serving cell and timeAlignmentTimer is not reset
· eNB determine new TA based on the detection of associated DM RS sequence in Msg3 in PUR and indicate it via MAC CE in Message 4. 
Observation 1: The UE assumes the most recent TA command received in serving cell before going to idle or TA last used for early transmission in PUR is valid if UE differentiation information in stored UE context indicated by eNB in  S1-AP UE Context Suspend Request indicates the UE is stationary. 
Proposal 5: TA validation based on serving cell NRSRP change including threshold mechanism, threshold levels is left to UE implementation.
Proposal 6: Subscription based UE differentiation (or Stationary indication in held in subscription) for TA validation in PUR is supported.

	ZTE
	Proposal 1: Subscription based UE differentiation is supported for TA validation.
Observation 1: The application scenario of  cell specific indication where TA is valid within that cell is limited. 
[bookmark: OLE_LINK15]Observation 2: Instead of using a new cell specific parameter to indicate TA is valid within that cell, Time Alignment Timer or NRSPR threshold for serving cell NRSPR change when configured to the value of infinity can achieve the same function.
Proposal 2: Configuring a new parameter for cell specific indication where TA is valid within that cell is not supported.

	LG Electronics
	Proposal 1: When serving-cell NRSRP change is measured for TA validation, the serving-cell NRSRP change is derived by subtracting the reference value R from the test value T, the reference value R is 
· Opt.1 the latest measured serving-cell NRSRP value from the time when D-PUR is configured
· Opt.2 the latest measured serving-cell NRSRP value from the latest TA update timing
· FFS whether to support that eNB dynamically updates the reference value e.g., via 1-bit update flag or a state in DCI, etc.
The test value T is the latest measured serving-cell NRSRP value from the UL transmission in D-PUR
· The latest measured serving-cell NRSRP value can be the serving-cell NRSRP measurement value based on RRM requirement

Proposal 2: TA alignment timer for idle mode for TA validation is initialized at the time of D-PUR configuration.
TA alignment timer for idle mode for TA validation is reinitialized when TA is updated.

	Nokia, Nokia Shanghai Bell
	Proposal 8:   Subscription based UE differentiation can be used to support initial TA validity timer configuration
Observation 3:   Support of a cell-radius based TA validation attribute for UEs moving within “small” cells, is unlikely to be beneficial in real world deployments, since such UEs are just as likely to be moving across cell boundaries.

	Sequans Communications
	Observation 1: For most NB-IoT applications, the UE makes at most small changes in location between PUR transmissions, which translates to minimal changes to TA.
Proposal 2:	For D-PUR the NW is allowed to adjust the UE TA and reset the TAT.

	III
	Proposal 1: When Rel-14 relaxed monitoring criteria is not fulfilled, TA is not valid.

	Lenovo, Motorola Mobility
	Proposal 1:  Subscription based UE differentiation is supported as an attribution for TA validation.
Proposal 2:  Cell specific indication where TA is valid within that cell is not necessary and which can be implemented by setting Time Alignment Timer “indefinite” or “zero”.



There are proposals on TA validation when multiple TA validation criteria are configured: all validation criteria should be satisfied for the TA to be valid and if one of the validation criterion is not met the TA is considered invalid. There are no other proposals besides these two which are equivalent. It is suggested to consider to agree to the following:
Potential Agreement# 1: When the UE is configured to use several TA validation criteria, the TA is valid only when all the configured TA validation criteria are satisfied.

There are proposals on supporting the value of infinity for the Time Alignment Timer for idle mode and NRSRP change threshold. It already exists a TimeAlignmentTimer for connected mode which can be set to infinity. It is then proposed to agree to the following:
Potential Agreement# 2: The value of infinity is supported for both the Time Alignment Timer for idle mode and for the NRSRP change threshold.

Several companies give analysis on the details of serving cell NRSRP change attribute. Although there is no common view, it is suggested to further discuss the following several aspects.  
1. NRSRP threshold can be either UE-specific or cell-specific. 
From the feature lead understanding, this value is configured/set by the network, hence it can be either cell-specific or UE-specific.
2. Indication of NRSRP threshold.
3. TA value for UE transitioning from connected to idle mode:
An idle UE can reuse the last TA command in serving cell before going to idle for transmission in PUR  if still camping on serving cell and timeAlignmentTimer has not expired.
4. UE reuses legacy RRM measurements or performs new ones.
From the feature lead understanding, this can be left to implementation.

In RAN1#95, two other attributes for TA validation, i.e. subscription based UE differentiation and cell-specific indication, were left for further studied. Table 2 summarizes the views expressed in this meeting.
Table 2 Views on the two FFS TA validation attributes
	Source
	[FFS] Subscription based UE differentiation 
	[FFS] Cell specific indication

	Huawei, HiSilicon
	No
	No

	Ericsson
	Yes
	Yes

	Sierra Wireless
	No
	/

	MediaTek
	Yes
	/

	ZTE
	Yes
	No

	Nokia, Nokia Shanghai Bell
	Yes
	No

	Lenovo, Motorola Mobility
	Yes
	No



The majority of views seems to be in favor of supporting subscription based UE differentiation, and not supporting cell specific indication where TA is valid within that cell. From the expressed views, it can be considered to further discuss the following:
Potential Agreement# 3: Regarding TA validation attributes, 
· Subscription based UE differentiation is supported.
· Cell specific indication where TA is valid within that cell is not supported.

Actions when TA is invalid
[bookmark: _Ref1651548]Table 3 Summary on actions when TA is invalid
	Source
	UE uses contention-free PRACH preamble to update TA
	UE fallback to legacy RACH or EDT
(contention-based)
	PDCCH order triggered CFRA for TA update
	PDCCH order triggered CBRA to fallback to RACH/EDT
	UE Sends preamble in the PUR resource for TA update

	Huawei, HiSilicon
	Yes
	/
	/
	/
	/

	Ericsson
	/
	Yes
(PUR is retrieved by network)
	/
	/
	/

	ZTE
	/
	Yes
	Yes
	Yes
	Yes

	Samsung
	/
	Yes
	/
	/
	/

	Nokia, Nokia Shanghai Bell
	/
	Yes
	/
	/
	/

	III
	Yes
	/
	/
	/
	/



Table 4 Proposals and Observations
	Source
	Related Proposals & Observations

	Huawei, HiSilicon
	Proposal 5: A contention-free PRACH preamble is configured to the UE for TA update purpose.

	Ericsson
	Observation 2	When a TA validation test has failed and there is data to be transmitted, RAN1 has discussed two possibilities: 1.- Performing a fallback to either Rel-13/Rel-14 random access procedures or Rel-15 EDT, or 2.- the UE may transmit Msg1 to receive an updated TA via Msg2. However, even if a light version of Msg2 (e.g., carrying only TA) were transmitted, the signaling overhead would be comparable with the one of EDT.
Proposal 2	When TA is invalidated and there is data to be transmitted, either Rel-13/Rel-14 random access procedures or Rel-15 EDT is used, and the pre-configured uplink resources are retrieved by the network
Observation 3	When TA is invalidated and there is NO data to be transmitted, an immediate attempt to update the TA would trigger a signaling exchange however the TA validation test may be invalid again (and again) without having had yet the need of transmitting UL data, the accumulated overhead would be significant and with no use. Thus, even if a TA validation test has failed it is better wait until there is a need for transmitting data to perform a fallback to legacy RACH/EDT.
Proposal 3	When TA is invalidated and there is no data to be transmitted, the UE waits until there is data to be transmitted to perform a fall-back to legacy RACH/EDT to transmit the UL data and update the TA.

	ZTE
	Proposal 3: PDCCH order triggered CBRA/CFRA is supported for dedicated PUR in RRC_IDLE mode.
Proposal 4: If PDCCH order triggering CBRA is received by dedicated PUR UE, the UE can assume that dedicated PUR transmission is unsuccessfully decoded by eNB.
[bookmark: OLE_LINK20]Observation 3: Once TA is invalid, the subsequent dedicated PUR resources cannot be used for PUR transmission until TA is updated to valid.
Observation 4: If PUR transmission is happened during TA invalidation, the PUR transmission cannot be successfully decoded by eNB and this leads to the waste of PUR resource. 
[bookmark: OLE_LINK36][bookmark: OLE_LINK25]Observation 5: If time-frequency resources of dedicated PUR allocated by eNB is large enough for carrying preamble, the preamble can be transmitted in the dedicated PUR resource for TA measurement when TA is invalid.
Observation 6: If preamble is transmitted in dedicated PUR resources, when TA is invalid, the waste of PUR resources is reduced and it can avoid the collision with the preambles transmitted in NPRACH.
Proposal 5:Once dedicated PUR UE’s TA is invalid, at least the following operations can be supported:
· Sending PDCCH order to trigger CFRA/CBRA procedures
· Sending preamble in the PUR resource for TA measurement, if the PUR resource is large enough for carrying preamble
· Sending contention based preamble for triggering fallback to legacy RACH/EDT procedures

	Samsung
	Proposal #9: If TA is determined to be invalid using validation criteria, a new valid TA can be acquired via legacy RACH/EDT procedure.
Proposal #10: TA can be updated within a small range in DCI during HARQ procedure.

	LG Electronics
	Proposal 3: TA update mechanism is supported for D-PUR.
· For UL transmission for TA update information acquisition, the following options are proposed for further discussion eNB acquires the TA information from one or more of the following UL transmissions
· UL transmission in D-PUR from the UE
· FFS how to handle the case where UE skips UL transmission in D-PUR
· UL transmission out of D-PUR from the UE
· UL transmission from UE requested by eNB for TA information acquisition
· E.g., using RACH resource
· UL transmission from UE configured by eNB for TA information acquisition
· E.g., periodic UL transmission for TA information acquisition at eNB
· FFS TA update information feedback from eNB
· E.g., via PDSCH transmission containing MAC CE containing only TA command 

	Nokia, Nokia Shanghai Bell
	Proposal 9:    A PUR opportunity can be used by the UE to update its’ TA even if it has no data to send.
Proposal 10:    A UE can fallback to legacy RACH/EDT to update its’ TA.

	III
	Proposal 2: When UE is configured with only TAT for validating TA, mechanism for TA update should be used.
Proposal 3: TA update is supported to be transmitted to the UE in response to a preconfigured transmission.
Proposal 4: Dedicated NPRACH resource can be configured with the preconfigured UL resource for TA update purpose only.



As summarized in Table 3, when a UE in idle mode and with preconfigured uplink resources assigned considers the TA to be invalid, the majority of views is that the UE may fallback to legacy RACH or EDT. This can be agreed as a baseline solution. Besides, some companies propose that the UE can use a procedure to update the TA and continue to transmit in preconfigured resources while remaining in idle mode. Overall more discussion is needed. Based on the inputs so far, we can agree as a baseline solution that the UE may fallback to legacy RACH or EDT, and study further other mechanisms.
Potential Agreement#4: When the TA is invalid, the UE may fallback to legacy RACH or EDT.
· FFS other mechanisms for TA update
It is noted that this discussion is related to other topics (UE skipping UL transmissions and fallback) which are summarized in the next two sections. Some companies’ view is that the invalid TA is the triggering mechanism to fallback to RACH/EDT and/or to initiate the PUR release.
Skipping UL transmissions 
In RAN1#95 [4], it has been agreed that for dedicated PUR in idle mode, the UE may skip UL transmissions, with
·  FFS: Whether or not to support mechanism to disable skipping by eNB. 
· FFS: Resource release mechanism
Whether or not to support mechanism to disable skipping by eNB
Some companies’ views are summarized in Table 5.  Other companies assume the UE may skip PUR in their papers. Related proposals and observations are summarized in Table 6. The feature lead suggests discussing this issue and resolve the FFS part. 
[bookmark: _Ref1652323]Table 5 Summary on whether or not to support mechanism to disable skipping by eNB
	Source
	Issue: Support mechanism to disable skipping by eNB?

	Huawei, HiSilicon
	No

	ZTE
	Yes

	NTT DOCOMO, INC.
	Yes



Table 6 Related Proposals & Observations
	Source
	Related Proposals & Observations

	Huawei, HiSilicon
	Proposal 12: Do not support mechanism to disable skipping by eNB.

	ZTE
	Proposal 9: If dedicated PUR skipping is enabled, it is up to eNB’s implementation for the detection of PUR skipping.
Proposal 10: An indicator configured by eNB is used to indicate whether PUR skipping is enabled or not.
Proposal 12: If PUR skipping is not enabled by eNB, a predefined block of bits is transmitted on the PURwhen UE has no UL data to transmit on PUR.

	Samsung
	Proposal #7: Maximum number of continuous UL skipping should be specified.

	NTT DOCOMO, INC.
	Proposal 4: NW configuration on optional UL transmission for dedicated PUR should be supported

	Sequans Communications
	Observation 4: Skipping PUR transmission is resource inefficient.
Observation 5: Serving cell is unaware of UE moving out of the cell coverage until after the UE connects to another cell in the network.
Observation 6: Assuming a UE will have ‘n’ PUR skips allowed by the network, a UE may wish to reserve some of its ‘n’ skips.
Proposal 5:	Study the use of small highly detectable signaling to notify the serving cell on unused PUR.
Proposal 6:	Study at which conditions it is most beneficial to use PURPLE.
Observation 7: PURPLE may be used to terminate transmission with better efficiency than RRC message.



Resource release mechanism
Table 7 summarizes the related views.
Table 7	Views on resource release mechanism
	
	Issue: how to release resources?

	Source
	Support eNB triggered resource release?
	Support UE triggered resource release?
	UE shall monitor the NPDCCH search spaces periodically
	If PUR skipping is enabled, PUR is released after skipping a number of occasions, or the eNB does not detect UE activity for a number of occasions?
	If PUR skipping is not enabled, PUR is released after transmitting dummy packets on a number of occasions?
	The network indicate UE-specific release of dedicated PUR resources via SIB2 indication

	Huawei, HiSilicon
	Yes
	Yes
	Yes
	No
	/
	/

	Ericsson
	/
	/
	/
	Yes
	/
	/

	ZTE
	/
	/
	/
	Yes
	Yes
	/

	Samsung
	/
	/
	/
	/
	/
	/

	MediaTek
	/
	/
	/
	/
	/
	Yes

	Intel
	/
	/
	/
	Yes
	/
	/

	Docomo
	Yes
	Yes
	/
	/
	/
	/

	III
	Yes
	Yes
	/
	Yes
	/
	/

	Lenovo
	Yes
	Yes
	/
	Yes
	/
	/

	Sequans Comm.
	Yes
	Yes
	
	Yes
	See our proposal
	/



Table 8 Related Proposals & Observations
	Source
	Related Proposals & Observations

	Huawei, HiSilicon
	Proposal 13: Support both UE triggered and eNB triggered resource release mechanism.
Observation 12: Since NB-IoT UEs may be in poor coverage, the eNB cannot distinguish between “UE skips UL transmission” and “UE transmits on PUR but the eNB failed to detect it”.
Proposal 14: RAN1 needs to consider how to support eNB triggered resource release when a UE skips UL transmissions.
Proposal 15: The UE shall monitor the NPDCCH search spaces periodically so that the eNB can send PUR release indications in theses NPDCCH search spaces. If no indication is received in these NPDCCH search spaces, the UE may assume the PUR is still available.

	Ericsson
	Observation 9	For PUR, the UE may skip the UL transmissions. On this matter, for preventing a potential waste of resources, a “PUR retrieve resource timer/counter” can be considered to configure the number of “PUR periods” with no activity upon which the PUR resources will be retrieved by the network. A value equal to one will retrieve the resources upon observing that one UL transmission was skipped. The upper limit for the allowed number of skipped transmissions should be rather low (e.g., <= 8) as to prevent resource wasting. These aspects are required to be studied in RAN2, and any view RAN1 may have needs to be confirmed by RAN2.

Proposal 8	Introduce a “PUR retrieve resource timer/counter” to configure the number of “PUR periods” with no activity upon which the PUR resources will be retrieved (the configurable values include one, and a rather low upper limit).

	MediaTek
	Observation 2: Release of dedicated PUR release by moving idle UE to connected mode and UE-specific RRC signalling is un-efficient and increases UE power consumption.
Proposal 8: The network indicate release of dedicated PUR resource for all UEs in the cell via SIB1 indication.
Proposal 9: The network indicate UE-specific release of dedicated PUR resources via SIB2 indication with the following RRC parameters:
· dpur-BarringFactor: value is in range {0, 1, .., ND-PUR }, where ND-PUR is a random number generated by the UE. 
· dpur-BarringTime: value is in range {s4, s8, s16, s32, s64, s128, s256}
Proposal 10: UE test if the random generated ND-PUR is lower than the eNB configured dpur-BarringFactor. 
· Step 3: If ND-PUR < dpur-BarringFactor, the UE skips transmission in dedicated PUR for a dpur-BarringTime time. 
· Step 4: If ND-PUR >= dpur-BarringFactor, the UE can early transmit in dedicated PUR for a dpur-BarringTime time.

	ZTE
	Proposal 11: If PUR skipping is enabled by eNB, when the number of consecutive skipped PUR transmission recorded by eNB exceeds the configured threshold , eNB releases the PUR resources.
Proposal 13: If PUR skipping is not enabled by eNB, when the number of consecutive PUR transmission with the predefined block of bits is larger than a threshold configured by eNB,  eNB releases the PUR resources.

	Nokia, Nokia Shanghai Bell
	Observation1:   	There exist alternative mechanisms to enable both D-PUR skipping and release that can also be configured to support one-shot D-PUR.
Observation2:	Discussion of the release mechanism is now in RAN2.

	Intel Corporation
	Proposal 4:
· Consider support of implicit PUR Release mechanism.
· Fast release of PUR based on DCI command is not supported for IDLE mode UEs for power saving purposes.

	NTT DOCOMO, INC.
	Proposal 5: Release command by both eNB and UE should be supported

	III
	Proposal 6: eNB indication for idle UE to release the preconfigured resource is supported.
Proposal 7: Method for UE to automatically release the preconfigured resource is supported.

	Lenovo, Motorola Mobility
	Proposal 8: PUR resource is released by 1) transmission until to preconfigured number; 2) consecutive multiple missed transmissions.
Proposal 9: eNB may trigger re-configuration/release of PUR configured to a UE by dedicated RRC and UE request PUR resource release via RACH/EDT procedure or on-going transmission based on PUR should be studied further.



Many companies propose to support both eNB triggered and UE triggered resource release mechanism, it is then proposed to agree the following:
Potential Agreement# 5: Support both UE triggered and eNB triggered resource release mechanism
· FFS the details

If PUR skipping is enabled, many companies propose that PUR is released after skipping a number of occasions, or the eNB does not detect UE activity for a number of occasions. However, some company shows concern on the UE activity detection performance, i.e., the eNB may not distinguish between UE skip and detection failure. To ensure this implicit resource release mechanism can work, it is suggested to further study mechanisms to ensure UE activity detection performance. Therefore, it is proposed to agree the following:
Potential Agreement# 6: If PUR skipping is enabled, PUR is released after skipping a number of occasions or the eNB does not detect UE activity for a number of occasions
· FFS mechanisms to ensure UE activity detection performance

Fallback to PRACH/EDT
In RAN1#94bis [4] it was agreed that for UL transmission in preconfigured resource, fallback mechanism to RACH/EDT procedures is supported. Companies have provided further details, which are summarized in Table 9.
Table 9	Views on fallback to PRACH/EDT
	Source
	Support eNB triggered fallback?
	Support UE triggered fallback?

	Huawei, HiSilicon
	Yes
	/

	Sierra Wireless
	Yes
	Yes

	Samsung
	Yes
	/

	Lenovo
	Yes
	Yes



Table 10 Related Proposals & Observations
	Source
	Related Proposals & Observations

	Huawei, HiSilicon
	Proposal 16: The eNB can indicate to the UE to fallback to legacy RACH/EDT procedures, and the spare states/bits in DCI format N0 (UL grant) or N1 (NPDCCH order) can be considered to convey the fallback indication.

	Sierra Wireless
	Proposal 12:  	The UE will initiate the fallback mechanism, at least, when
•	TA is Invalid TA, or
•	Directly signalled by network e.g. explicit NACK, or
•	No HARQ feedback

	Samsung
	Proposal #12: Further discuss the use cases of fallback mechanism, and using DCI to indicate fallback to EDT/RACH procedure can be considered for fallback triggered by eNB. 

	Lenovo, Motorola Mobility
	Proposal 6: Fallback to RACH/EDT can be triggered by eNB or UE for different cases.



Since the majority view it to support both UE triggered and eNB triggered fallback mechanism, it is then proposed to agree the following:
 Potential Agreement# 7: Support both UE triggered and eNB triggered fallback mechanism
· FFS the details

HARQ
Views on HARQ are summarized in Tables 11—13. 

[bookmark: _Ref1652672]Table 11 After data transmission on PUR, upon successful decoding by eNB, what the UE can expect?
	
	Issue: After data transmission on PUR, upon successful decoding by eNB

	Source
	The UE can expect an explicit ACK?
	Explicit ACK is send on NPDCCH (layer 1)
	Explicit ACK is send on NPDSCH (layer 2/3)

	Huawei, HiSilicon
	Conditional Yes
(guaranteeing UE can receive higher layer feedback efficiently)
	Yes
	/

	Sierra Wireless
	Yes
	Yes
	Up to RAN2

	Intel
	Yes
	Yes
	/

	ZTE
	Yes
	Yes
	/

	Nokia
	Yes
	Yes
	/

	Samsung
	Yes
	Yes
	/

	Docomo
	Yes
	/
	/

	Lenovo
	Yes
	/
	/

	Sequans Comm.
	Yes
	Yes
	/



[bookmark: _Ref1652674]Table 12 After data transmission on PUR, upon unsuccessful decoding by eNB, what the UE can expect?
	
	Issue: After data transmission on PUR, upon unsuccessful decoding by eNB

	Source
	The UE can expect an UL grant for retransmission on NPDCCH?
	The UE can expect an explicit NACK?
	The UE can expect nothing from eNB?

	Huawei, HiSilicon
	Yes
	/
	Yes

	Sierra Wireless
	Yes
	Yes
	Yes

	Intel
	Yes
	No
	Yes

	LGE
	Yes
	Yes
	Yes

	MediaTek
	Yes
	/
	/

	ZTE
	Yes
	Yes
	Yes

	Lenovo
	Yes
	/
	/

	Sequans Comm
	Yes
	No
	Yes



[bookmark: _Ref1652669]Table 13 Views on NPDCCH search space for PUR
	
	Issue: NPDCCH search space for PUR?

	Source
	Type 2 CSS (for random access)
	USS

	Huawei, HiSilicon
	Yes
	/

	Ericsson
	/
	Yes

	Intel
	FFS
	FFS

	MediaTek
	Yes
	/

	ZTE
	/
	Yes

	Nokia
	Yes
	/

	Lenovo
	Yes
	/



Table 14 Related Proposals & Observations
	Source
	Related Proposals & Observations

	Huawei, HiSilicon
	Proposal 8: After data transmission on PUR, the UE starts a timer and monitors the NPDCCH until the timer expires or is stopped. If the timer expires and nothing is received, the UE shall consider the data transmission on PUR not successful and shall flush the HARQ buffer.

Observation 9: An explicit ACK is useful to help the UE going back to sleep mode quickly, and thus saving UE power.
Observation 10: If an explicit ACK has already been sent to the UE and the UE has already been in sleep mode, then the eNB can only send the higher layer feedback (DL RRC Msg or DL data) via paging procedures, which significantly increases UE power consumption and latency.
Observation 11: Whether there is higher layer feedback (DL RRC Msg or DL data) for the UE after data transmission on PUR has quite significant impact on the HARQ design.
Proposal 9: RAN1 asks RAN2 that whether there is higher layer feedback (DL RRC Msg or DL data) for the UE after data transmission on PUR.
Proposal 10: RAN1 may consider how to reduce UE power consumption of monitoring NPDCCH search space while guaranteeing that the UE can receive higher layer feedback (DL RRC Msg or DL data) efficiently.
Proposal 11: For transmission in PUR, Type 2 CSS (for random access) is reused as the corresponding NPDCCH search space.

	Ericsson
	On this matter, since UEs having same and different “PUR periods” can be multiplexed in uplink it seems that a User Specific Search Space (USS) would be the best choice.

	Qualcomm Incorporated
	Proposal 8: Study mechanisms and procedures for retransmissions and fallback to PRACH/EDT, the determination of which may depend upon an eNB response message tied to the DMRS sequence used by a UE.
Proposal 9: Study possible additional information conveyed by the aforementioned eNB response message—for example, timing advance refinements and power control updates.
Proposal 10: In case of eNB response initiated fallback to PRACH/EDT, consider skipping the initial steps (for example, skipping transmitting a legacy PRACH preamble) of the fallback mode whenever possible.

	Sierra Wireless
	Proposal 8:  	For dedicated PUR in idle mode, upon successful decoding by eNB of a PUR transmission, the UE can expect an explicit ACK 
•	FFS: if ACK is sent on NPDCCH (layer 1) and/or NPDSCH (layer 2/3)
For dedicated PUR in idle mode, upon unsuccessful decoding by eNB of a PUR transmission, the UE can expect
•	an UL GRANT for retransmission on the NPDCCH, or  
•	FFS: a NACK, or
•	FFS: no explicit ACK

Proposal 9:  	At least, a layer 1 explicit PUR ACK is supported.
•	RAN2 can decide if a layer 2 PUR ACK is also supported

Proposal 10:  	For dedicated PUR in idle mode, upon unsuccessful decoding by eNB of a PUR transmission, the UE can expect
•	an UL GRANT for retransmission on the NPDCCH, or  
•	an explicit NACK, or
•	Nothing

Proposal 11:  	The PUR search space configuration shall be included in the PUR configuration. The PUR search space configuration shall at least include: 
•	RNTI, 
•	NB-IOT carrier, 
•	NPDCCH repetitions and aggregation levels, 
•	Scaling factor, and 
•	Starting subframe

Proposal 14:  	The DCI carrying the PUR ACK shall include at least the following parameters
•	Updated timing advance, and
•	Updated UE TX Power adjustment, and
•	Updated repetition, and
•	Update number of RUs, and
•	Updated MCS

Proposal 18:  	The PUR configuration optionally includes the “Application Response Time” 
•	Where the Application Response Time is the amount of time the UE continues to monitor the NPDCCH after the ACK is decoded 
•	FFS: how eNB sets the Application Response Time

	MediaTek
	Observation 3: eNB has knowledge of failed UE early transmission on dedicated PUR based on DMR estimation
Observation 4: As the UE skipped Msg1 and Msg2, there is no confusion for DCI indication of UL grant for HARQ re-transmission in PUR.
Proposal 11: Re-use Search Space Type 2 DCI indication of UL grant for HARQ re-transmission in PUR.

	ZTE
	[bookmark: OLE_LINK9]Proposal 6: PUR USS is supported for dedicated PUR, and at least UL grant for HARQ retransmission is carried in the PUR USS.
Proposal 7: The starting position of PUR USS is decided based on the position of PUR resources in time domain.
Proposal 8: For a dedicated PUR UE, when PUR USS in time domain overlaps with paging transmission window(PTW), the UE does not need to monitor paging message in the PTW.
Proposal 14: For dedicated PUR in idle mode, upon successful decoding by eNB of a PUR transmission, the UE can expect an explicit ACK sent on NPDCCH.
[bookmark: OLE_LINK46]Proposal 15: If NACK is received on NPDCCH corresponding to a PUR transmission, UE shall stop PUR USS monitoring and determine the subsequent operation up to its implementation.
Observation 7: If a PUR is determined as a skipped PUR by eNB, eNB do not need to send any feedback to the UE.
[bookmark: OLE_LINK14]Proposal 16: For dedicated PUR in idle mode, upon unsuccessful decoding by eNB of a PUR transmission, the UE can expect
· an UL GRANT for retransmission on the NPDCCH, or  
· a NACK, or
· no explicit ACK 

	Samsung
	Proposal #11: Explicit ACK should be introduced, and it can be conveyed by MPDCCH.

	LG Electronics
	Proposal 4: For dedicated PUR in idle mode, upon unsuccessful decoding by eNB of a PUR transmission, in addition to an UL GRANT for retransmission on the NPDCCH, the UE can expect a NACK, or no explicit ACK
· When UE receives a NACK, the UE releases D-PUR
· When UE receives no explicit ACK, 
· Opt.1 UE waits for the next D-PUR for UL retransmission
· Opt.2 UE releases D-PUR
· FFS signaling details of NACK (e.g., 1-bit signaling or a state in a DCI)
Proposal 5: Multiple HARQ processes are not supported for PUR in Rel-16 NB-IoT.
Proposal 6: Configuration includes at least the followings
· Search space for feedback monitoring in response to UL transmission in D-PUR
· FFS feedback information

	Nokia, Nokia Shanghai Bell
	Proposal 3:   The PUR search space is based on the type-2 CSS.
[bookmark: _Hlk935636]Proposal 4:   The Dedicated PUR ACK is sent on MPDCCH at layer 1.
Proposal 5:   The DCI carrying the D-PUR ACK shall include at least the following
· Ack indication
· Updated timing advance
· Updated UE TX Power
· Updated repetition
· Network initiated PUR configuration change
Proposal 6:	For CFS PUR, DCI candidates are partitioned within a CSS, so each UE can be ACK/NACKed individually via UE specific pre-configured RNTI DCI at Layer 1.

	Intel Corporation
	Proposal 5:
· For search space which IDLE mode UE monitors after transmission in PUR, down select between the following options:
· USS
· UE keeps C-RNTI obtained in CONNECTED mode.
· Type-2 CSS
· UE derives RNTI based on time-frequency location of the PUR.
· Alternatively in both option, consider introducing RNTI in a PUR configuration to address HARQ feedback.
Proposal 6:
· For dedicated PUR in IDLE mode, upon successful decoding by eNB of a PUR transmission, the UE can expect an explicit ACK
· Support DCI-based ACK on NPDCCH in response to successfully decoded PUR transmission.
· The DCI with explicit ACK can optionally schedule NPDSCH with higher layer application feedback or switching indication to CONNECTED mode.
Proposal 7:
· If the UE does not detect a valid NPDCCH for a configured time duration after PUR transmission, it may continue to remain in RRC_IDLE mode with further attempts for UL data retransmission within the same PUR.
· Explicit NACK signalling is not supported for PUR.

	NTT DOCOMO, INC.
	Proposal 2: For dedicated PUR in idle mode, upon successful decoding by eNB, the UE can assume explicit ACK feedback from eNB. 
Proposal 3: For the use of search space in idle mode based PUR transmission, pre-configuration of search space and/or RNTI should be studied further.
· Pre-configuration of the search space which idle UE needs to monitor in dedicated PUR should be supported

	Sequans Communications
	Proposal 1:	For D-PUR UL grant / ACK reuse existing DCI.
Observation 2: Using two DCIs, one for HARQ response and another for TA update allows for infinite D-PUR with network control, flexibility, more use cases for the UEs, and less complexity from the UE’s perspective.
Observation 3: Using NDI field to flag the UE if to use the 2nd SS in idle mode D-PUR could save power for the UE.
Proposal 3:	After dedicated PUR instance a UE can expect 2 DCIs. One for HARQ feedback, another for MAC-TA update message scheduling.
Proposal 4:	The NW use the NDI field as a flag to notify the UE whether there will be another DCI transmission for MAC-TA update message scheduling.

	III
	Proposal 5: Retransmission without legacy RACH/EDT procedure is supported at least for dedicated preconfigured resource.

	Lenovo, Motorola Mobility
	Proposal 4: After transmission based PUR, UE start to monitor the (N)PDCCH with the dedicate RNTI to expect an explicitly ACK upon successful decoding by eNB or an UL GRANT for retransmission upon unsuccessful decoding by eNB.
Proposal 5: Due to the similarity of uplink transmission based PUR and RACH procedure and UE capability; it is preferable to use Type 2 common search space as baseline.



After data transmission on PUR, upon successful decoding by eNB, the majority view is that the UE can expect an explicit ACK on NPDCCH. It is then proposed to discuss the following:
Potential Agreement# 8: After data transmission on PUR, upon successful decoding by eNB, the UE can expect an explicit ACK on NPDCCH

After data transmission on PUR, upon unsuccessful decoding by eNB, the majority view is that the UE can expect an UL grant for retransmission on NPDCCH, or explicit NACK on NPDCCH, or nothing. It is then proposed to discuss the following:
Potential Agreement# 9: After data transmission on PUR, upon unsuccessful decoding by eNB, the UE can expect an UL grant for retransmission on NPDCCH. 
· FSS if the UE can also expect an explicit NACK on NPDCCH.

Some companies point out that whether there is higher layer feedback (DL RRC Msg or DL data) for the UE after data transmission on PUR has substantial impact on RAN1 HARQ design. Since this is RAN2 issue, RAN1 may also consider asking RAN2 about this part.
Potential Agreement# 10: RAN1 asks RAN2 whether there is higher layer feedback (DL RRC Msg or DL data) for the UE after data transmission on PUR.
· If yes, RAN1 may consider how to reduce UE power consumption of monitoring NPDCCH search space while guaranteeing that the UE can receive higher layer feedback (DL RRC Msg or DL data) efficiently.

Regarding the search space that is used for scheduling of HARQ retransmission of dedicated PUR transmission, both Type 2 CSS (reusing what is done for random access) and USS (configured for dedicated PUR) are proposed in this meeting. Since the majority view seems to be to reuse Type 2 CSS (for random access), it is then proposed to agree the following:
Potential Agreement# 11: For transmission in PUR, Type 2 CSS (for random access) is reused as the corresponding NPDCCH search space.

PUR types
In RAN1#94bis 3 types of resources were defined and it was agreed to support dedicated PUR transmission. For the other two types of resources, i.e. CFS PUR and CBS PUR, companies’ views on the support of these resources are summarized in Table 15, and related proposals and observations are summarized in Table 16. 

[bookmark: _Ref1654475]Table 15 Summary of companies’ views on PUR types
	Source
	Support CFS PUR?
	Support CBS PUR?

	Qualcomm
	Yes
	/

	Sierra Wireless
	Yes
	No

	Intel
	Yes
	/

	MediaTek
	Yes
	No

	Nokia
	Yes
	/

	Samsung
	Have some concern
	No

	Lenovo
	Yes
	No



[bookmark: _Ref1654481]Table 16 Related Proposals & Observations
	Source
	Related Proposals & Observations

	Ericsson
	Observation 10	For supporting CFS PUR another dimension (e.g., code domain, spatial domain) needs to be added, which implies having to resolve (i.e., on top of the PUR design itself) a set of technical issues associated to the Multiple-Access.
•	CDMA
o	Introduction of a code tree (e.g., binary Walsh code tree) with a careful selection of the branches as to keep orthogonality between UEs.
o	Deal with the near-far problem in idle-mode.
o	The orthogonality requires that the maximum carrier frequency offsets (CFO) do not be large.
•	MU-MIMO
o	Introduce unique DMRS(s) to distinguish between UEs transmitting in UL at the same time.
o	Due to co-channel interference and the near-far problem, only BL/CE devices belonging to the same CE mode could be multiplexed (UE pairing issues).
o	MU-MIMO adds network complexity, since the signals of spatial multiplexed users need to be separated at the receiving eNodeB with multiple antenna array.

Observation 11	Following the same logic of [6], the performance of 2 UEs transmitting simultaneously on 1 PRB was compared versus 1 UE transmitting on 6 subcarriers. We evaluated a setup that can equally well be applicable for NB-IoT aiming at knowing the performance of MU-MIMO over an entire PRB as compared to a non-interfered multi-tone allocation.
Observation 12	For “CFS PUR based on MU-MIMO using a MMSE single user decoding” an increasing performance degradation is observed unless INR is < 0dB. However, in this case only one of the two UEs would be recoverable, because when the interferer takes the role of the observed UE and vice-versa, the interferer will be much stronger than the observed UE resulting in a poor performance. Moreover, in all cases when INR equals the SNR, a 10% BLER performance in never achieved.
Observation 13	The observed performance difference of “CFS PUR based on MU-MIMO (assuming perfect DMRS orthogonality)” versus” Dedicated PUR” is as follows:
•	At 10% BLER, 1 UE transmitting on 6 subcarriers is ⁓0.4 dB better than a UE that was interfered by another when INR = -10dB.
•	At 10% BLER, 1 UE transmitting on 6 subcarriers is ⁓2.8 dB better than a UE that was interfered by another when INR = 0dB.
•	At 10% BLER, 1 UE transmitting on 6 subcarriers is ⁓4.6 dB better than a UE that was interfered by another when INR = 3dB.
•	When the interference level is as strong as the signal of the other UE (INR = SNR), then there is an error floor (i.e., a 10% BLER performance can’t be achieved). The same holds when the interference level uniformly varies +/-5 dB with respect to the signal of the other UE.

Observation 14	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.

	Qualcomm Incorporated
	Proposal 1: Dedicated PUR shall be assigned to the UE via a dedicated RRC message during a connected state.
Proposal 2: Consider RRC-configured resources for CFS PUR, where, in a given resource, multiple UEs may transmit data, while using unique DMRS sequences.
Proposal 3: Study the impact of traffic conditions, operating SNRs and coverage levels on how many UEs can be simultaneously served in a given CFS PUR resource; also study how many unique DMRS sequences can be accommodated per resource.
Proposal 4: Consider broadcast resources for CBS PUR where the UEs select a DMRS sequence from a pool of pre-configured sequences.
Proposal 5: Consider DMRS resource and sequence designs for CBS PUR that reduces the probability of inter-UE DMRS collision to within acceptable limits.
Proposal 6: Consider PUR designs to address both fixed and bursty traffic patterns.
Observation 1: CFS PUR allows for efficient resource usage (with respect to dedicated PUR) with negligible loss in UE performance. 
Observation 2: For a desired UE performance level, significant resource overhead reductions can be obtained by using CFS PUR vis-à-vis dedicated PUR.
Proposal 7: Support CFS PUR for uplink data transmission in preconfigured resources.

	Sierra Wireless
	Proposal 16:  	The PUR resource configuration optionally includes the following 
•	DMRS pattern
•	Scrambling pattern

Ideally, from a UE perspective, the UE should not be able to detect whether the eNB is using CFS PUR or dedicated PUR.  If this is all that is needed to support CFS PUR, then CFS PUR should be specified.

Observation 4:	 Supporting CBS PUR will require many additional RAN1 agreement
Proposal 17:  	CBS PUR is not specified in Rel 16.

	MediaTek
	Proposal 2: Early transmission on Contention-free Shared PUR (CFS PUR) is supported.
Proposal 3: Early transmission on Contention Based Shared PUR (CBS PUR) is not supported

	Samsung
	Proposal #2: CFS PUR using MU-MIMO needn’t be specified with explicit specification change.
Proposal #3: CFS PUR using CDM/OCC is not considered.
Proposal #4: CBS PUR is not supported.

	Nokia, Nokia Shanghai Bell
	Proposal 1:  CFS PUR is supported. 
Proposal 2:  The CFS PUR configuration procedure is based on the D-PUR procedure.

	Intel Corporation
	Proposal 2:
· CFS PUR is supported.
Proposal 3:
· Support orthogonal DMRS for UL MIMO.
· Support sub-PRB transmission in PUR.

	NTT DOCOMO, INC.
	Proposal 1: For further discussion on whether or not to support CFS/CBS, PUR signature (e.g. T/F resources, CDM based, or DMRS sequence based) should be discussed.  

	Lenovo, Motorola Mobility
	Proposal 10: CFS PUR using MU-MIMO with UE specific DMRS pattern can be supported without any specification work.
Proposal 11: CBS PUR is not supported in Rel.16 NBIoT.



Although there is no consensus on supporting CFS PUR, most companies discuss aspects of CFS PUR. It is then suggested to focus the discussion on the various aspects raised by companies.

Other
Table 17 is a summary of other proposals on PUR. 
One discussion to note is the support of PUR in connected mode. There are few companies expressing interest in working on PUR for connected mode, however this is not a majority view, and there are also proposals for de-prioritization or no support for PUR in connected mode. If there is time, we may discuss further whether to support PUR in connected mode.  
Another thing is that some companies discussed Multi-TB grant. However, this is an eMTC issue, and maybe do not need to be discussed for NB-IoT.
Overall, at this meeting we focus on what supported so far and progress work, and discuss the issues in Table 17 in future meetings if there is enough interest.
[bookmark: _Ref1654660]Table 17 summary of other proposals on PUR
	Source
	Related Proposals & Observations

	Huawei, HiSilicon
	Observation 4: EDT mechanisms can be taken as a reference when designing the UL transmission schemes, e.g., for determining TBS, MCS, number of repetitions, etc.

Proposal 7: Consider the impact on eNB scheduling due to preconfigured UL resources, e.g., separating preconfigured resources and normal NPUSCH resources.

Observation 5: In legacy RACH/EDT procedures, the eNB can first identify UE activity based on preamble detection, and then decode the data when the eNB detects there are UE transmitting data.
Observation 6: Since the eNB does not know whether there is transmission in the preconfigured UL resources, the eNB may have to do blind processing, i.e., the eNB needs to do multiple hypotheses considering all the possible UE_ID (scrambling RNTI), MCS, TBS, repetition numbers, etc. This may increase the eNB complexity and power consumption.
Observation 7: UE activity detection can reduce the eNB complexity and power consumption, by helping the eNB to identify whether there is transmission in the preconfigured UL resources. The eNB then performs decoding if needed.
Observation 8: For NB-IoT NPUSCH format 1, the DMRS is limited in bandwidth and sparse in time domain. So the UE activity detection performance (e.g., miss detection rate) based on DMRS needs further study.
Proposal 6: Consider UE activity detection based on the following alternatives:
· Alt 1: DMRS-based UE activity detection
· Alt 2: Indication signal-based UE activity detection

	Ericsson
	Observation 5	It needs to be clarified how the actual dedicated PUR transmission in idle mode is to be performed, which can be based on a Rel-15 EDT-like transmission skipping Msg1 and Msg2 to reduce the signalling overhead, provide power savings, and a reduced latency.

Proposal 6	After passing the TA validation criteria, the UE transmits on dedicated pre-configured UL resources using an EDT-like transmission skipping Msg1 and Msg2 (i.e., the dedicated PUR transmission is performed directly on “Msg3”).

Proposal 9	Dedicated PUR supports the same or a subset of the TBS(s) and MCS(s) and the same DMRS(s) as defined for multi-tone and single-tone allocations in NB-IoT.

Observation 6	One fundamental aspect for PUR is assessing how will the network know what to configure  for a given UE. This can be possibly done by using UE differentiation information, some sort of machine learning approach, or based on information provided by the UE (i.e., a UE’s PUR allocation request), and is not appropriate to say that the information from one source is more reliable than some other one (e.g., UE over operator, or vice versa).

Observation 7	The network uses and possibly combines the sources of information it has available (even combined with a proprietary solution) to determine a proper PUR configuration. The sources of information (either UE differentiation information, UE’s PUR allocation request) are optionally configurable.

Observation 8	The “PUR period” should not be too long as to avoid that the signalling overhead reduction gains will vanish, and at the same time the “PUR period” should not be too short as to avoid that transmissions occurring too often block other UEs. The “PUR period” needs to be carefully chosen perhaps encompassing seconds, minutes and days (or even only minutes and days). 

Proposal 7	A transmission over PUR is composed of a “PUR duty cycle” (effective UL Transmission on PUR) and a “PUR period” (effective UL Transmission on PUR + inactivity on PUR). 
•	The “PUR duty cycle/PUR transmission duration” accounts for the number of allocated RUs, RU lengths, and repetitions.
•	The “PUR period” configuration is composed of two elements:
o	A configurable variable used to indicate the “number of granted PUR periods” (i.e., it indicates the total number of transmission shots)
o	A “PUR period duration” determined by reusing the fundamental LTE counters (i.e., Subframe Number, SFN and HFN) as well as a power of two factor for the purpose of multiplexing UE with no overlapping.

Proposal 10	Dedicated PUR supports a re-occurring PUR configuration for deterministic data traffic, and a request per transmission (one-shot PUR) for both regular and irregular data traffic.
•	Re-occurring resource: The same PUR resource configuration (i.e., same “PUR duty cycle”, “PUR period”, TBS, MCS, etc) is used recurrently.
•	Request per data transmission (one-shot PUR): The first transmission makes use of a predefined PUR configuration, and subsequent transmissions may use the same or a different PUR resource configuration (e.g., different “PUR duty cycle”, “PUR period”, TBS, MCS, etc).

Proposal 11	A target UL power level is signalled to the UE as part of the PUR configuration.

	MediaTek
	Proposal 1: The Pre-configured UL Resources (PUR) re-use the same max TBS and same UL TBS table specified for Rel-15 Early Data Transmission in Random Access procedure.
Proposal 7: Dedicated PUR is implicitly activated for UEs configured with dedicated PUR when these UEs move to idle state.

	Sierra Wireless
	Observation 3:	 The decision to support MTBG with PUR should wait until the MTBG feature and RAN2 PUR decisions have progressed further.

Proposal 13:  	No new random access methods to update PUR configuration shall be specified in Rel 16.
Proposal 15:  	The PUR resource configuration includes at least the following 
•	number of repetitions 
•	number of RUs

	ZTE
	Proposal 18: Multi-TB grant is not supported at least for dedicated PUR in RRC_IDLE mode.
[bookmark: OLE_LINK2]Proposal 19: At least the following information is necessary in the PUR resource allocation:
D-PUR Grant, D-PUR USS, D-PUR transmission start time,TA valid timer, delta NRSPR for TA validity
Proposal 17: An offset of the expected received power configured by eNB can be considered for PUR transmission in RRC_IDLE mode.

	Nokia, Nokia Shanghai Bell
	Proposal 7:   The network can configure PUR to support multiple-TB grants.

	Lenovo, Motorola Mobility
	Proposal 3: For uplink transmission based dedicated PUR, only single TB and single HARQ process are supported in Rel.16.
Proposal 7:  PUR resource can be configured as periodic starting subframe and resource duration for each PUR resource occasion.

	Ssmsung
	Proposal #5: Validity period should be introduced for dedicated PUR.
Proposal #6: FFS whether dedicated PUR can be used if camped cell is changed.
Proposal #8: Preconfigured UL resources can be activated/deactivated in system information.

	Intel
	Proposal 1:
· Support the general framework of PUR configuration for shared or dedicated UL transmission of the UEs in CONNECTED or IDLE mode.
Observation 1:
· Considering the possible support of CBS PUR and the eNB receiver complexity, as well as possibility to support different traffic requirements/characteristics, the ability to configure multiple PURs in the cell can be beneficial.
Observation 2:
· Time domain resources 
· Number of repetitions
· The repetitions may occur in consecutive NB-IoT slots/subframes
· Number of Resource Units (RUs) and RU sizes (can be determined based on freq-domain allocation) 
· Periodicity of resources, configured using HFN, SFN, subframe, and slot indices. 
· Here, periodicity indicates the starting subframe for a possible NPUSCH transmissions with a number of repetitions
· Freq domain resources
· Choice of UL carrier (in case of NB-IoT deployments with MCO)
· Subcarrier level allocations within the indicated UL carrier

	LG Electronics
	Proposal 7: Support UL transmission power control scheme for D-PUR initial transmission and retransmission. 
· The following options are proposed for further consideration
· Opt.1 n-bit (n>=1) signaling or n (n>=1) states in UL grant DCI for power control command
· Opt.2 UE autonomous power control without explicit signaling of power control command (e.g., UL transmission power ramp-up if there is no explicit ACK in response to a D-PUR transmission) 
· FFS whether to reset the TPC for every initial UL transmission in D-PUR e.g., for the case of large D-PUR period.
· FFS whether to use the UL TPC results when UE falls back to RACH/EDT procedure.  



Conclusion
Several aspects of preconfigured uplink resources are addressed in [5]-[18]. A summary of companies’ views is given in the above Sections, and several potential agreements are proposed. 
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1


 


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.


 


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]


 


o


 


Both shared resources and dedicated resources can be discussed


 


o


 


Note: This is limited t


o orthogonal (multi) access schemes


 


A


greements


 


on transmission on UL 


preconfigured resources in RAN1#


94


 


[2]


,


 


RAN1


#


94b 


[3]


 


and


 


RAN1


#


95


 


[4]


 


follow.


 


RAN1#


94


 


Agreement


 


Idle mode based pre


-


configured UL resources is supported for UEs in possession of a valid TA


 


-


 


FFS: Validation mechanism for TA


 


-


 


FFS: How the pre


-


configured UL resources 


is acquired


 


 


Agreement


 


For transmission in preconfigured UL resources, the UE may use the latest TA of which its validity can 


be confirmed


 


 


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.


 


 


Agreement


 


HARQ procedures for transmission in preconfigured UL resources should be studied and the following 


aspects should be considered: 


 


-


 


Whether to support HARQ;


 


u


 


If suppo


rted, details of HARQ design including the number of HARQ processes;


 


-


 


Whether ACK/NACK is necessary


 


Fallback mechanisms should be considered, e.g. fallback to legacy RACH/EDT procedures.


 


RAN1#94


b


 


Agreement


 


In idle mode, the UE will at least consider one or


 


more of the following attributes when validating TA 


(combination of multiple attributes is allowed):


 


·


 


Serving cell changes (serving cell refers the cell that the UE is camping on)


 


·


 


Time Alignment Timer for idle mode 


 


·


 


Serving cell NRSRP changes (serving cell


 


refers the cell that the UE is camping on)
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