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



In RAN1 #96bis, two working assumptions were captured in the chairman’s notes [2].
	
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 (LS is endorsed in eMTC agenda item). 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.




In addition to the above Working Assumptions captured in a LS [3], the following agreements were reached [2]. 
	
Agreement
The UE monitors the MPDCCH for at least a time period after a PUR transmission 
· FFS: Details of the time period
· FFS: UE behaviour if nothing is received in the time period
· FFS: If and how often UE monitors MPDCCH after a PUR allocation in which it has not transmitted

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


	
Agreement
The power control parameters within the PUR configuration, shall at least include:
· Target UL power level (P_0) for the PUR transmission

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




[bookmark: _Ref178064866][bookmark: _Hlk528365764]2	Transmission on Pre-configured UL Resources (PUR) in IDLE mode
The subsections below focus on design aspects of the only scheme that has been agreed so far “In idle mode, dedicated PUR is supported”, whereas the last section of this paper provides our view on the FFS for the support of shared schemes for PUR (including initial simulation results for CFS-PUR in CE Mode B). 
2.1	Timing Advance
The support of transmissions on pre-configured UL resources in IDLE mode is tied to the condition of being in possession of a valid TA and guaranteeing that it is still valid by the time the transmission on pre-configured UL resources is to be performed.
2.1.1	FFS on TA update 
When the TA validation mechanisms are tested and not passed, what RAN1 has agreed is that “the UE can obtain a valid TA and may send data via legacy RACH or EDT procedures”. What remains under FFS, is if for not abandoning PUR, only the TA should be acquired by either legacy means, or other approaches.
	Agreement 
[bookmark: _Hlk2952825][bookmark: _Hlk3233793]When the TA is validated and found to be invalid and the UE has data to send, the UE can obtain a valid TA and may send data via legacy RACH or EDT procedures 
· FFS whether only TA is acquired and then data sent on PUR is supported
· FFS other approaches to obtain a valid TA


 
In relation to the first FFS, in previous meetings some companies have proposed that in order to acquire a valid TA, the UE may transmit Msg1 to receive an updated TA via Msg2, and that even a light version of Msg2 (e.g., carrying only TA) could be used for this purpose. Nonetheless, in our view the approach proposed by the FFS leads to the following disadvantages:
· 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 (i.e., the signaling reduction pursued by using PUR would vanish).
· When a TA validation test is not passed, in some cases it may be due that the UE has moved to a different coverage level or it has changed cell, and in that case just updating the TA is not sufficient.
· The TA validation should be tested as close as possible to the PUR transmission opportunity, as to increase the chances that the TA will remain valid during the actual transmission. However, introducing a scheme for just updating the TA when the validity test fails will require performing the test long before the PUR transmission opportunity as to give time transmit Msg1, Msg2 (get a new TA) and comeback to PUR to perform the transmission.
· The essence of PUR, which allows to transmit on preconfigured resources only to those UEs that fulfil the condition of being in possession of valid TA that was acquired from connected mode would be lost.
· In PUR, a UE may obtain an updated TA (i.e., a TA adjustment in a range from 0 to 63) after a PUR transmission, but not an initial timing advance command (in a range from 0 to 1282) right before transmitting on PUR.

Based on the analysis performed on the FFS, in our view is better to keep only what was agreed in RAN1 #96, that is “When the TA is validated and found to be invalid and the UE has data to send, the UE can obtain a valid TA and may send data via legacy RACH or EDT procedures”.
[bookmark: _Hlk3233876][bookmark: _Toc7797802]When the TA validation mechanisms are tested and not passed, there is an FFS on whether only the TA should be acquired. In relation to it, the following disadvantages have been identified: 
· [bookmark: _Toc7797803]The resulting overhead would be comparable to EDT.
· [bookmark: _Toc7797804]PUR is a feature intended for stationary UEs with valid TA, updating the TA when the validity test fails may not be sufficient if the failure was due to e.g., a cell change, or coverage level change.
· [bookmark: _Toc7797805]Updating the TA when the validity test fails will require performing the test long before the PUR transmission opportunity to get a new TA and comeback to PUR.
· [bookmark: _Toc7797806]The essence of PUR, which allows to transmit on PUR only to those UEs that fulfil the condition of being in possession of valid TA (from connected mode) would be lost.
· In PUR, a UE may obtain an updated TA (i.e., a TA adjustment in a range from 0 to 63) after a PUR transmission, but not an initial timing advance command (in a range from 0 to 1282) right before transmitting on PUR.

[bookmark: _Toc7797823]When the TA validation mechanisms are tested and not passed, the fall-back to legacy RACH or EDT agreed in RAN1 #96 is preferred over the FFSs.
2.2	Dedicated PUR in IDLE mode
The definition of “Dedicate PUR” applicable for this Work Item objective was described as follows:
	 Dedicated preconfigured UL resource is defined as an PUSCH resource used by a single UE 
-	PUSCH resource is time-frequency resource
-	Dedicated PUR is contention-free



RAN1 has agreed that “In idle mode, dedicated PUR is supported”. The following agreements constitute its overall fundamental basis:
· “Pre-configured UL resources for transmission of data are indicated by RRC signaling. At least UE-specific RRC signaling is supported”
· “For transmission in preconfigured UL resources, an RRC idle UE may use the latest TA that passed the validation criteria”
· “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”
2.2.1	Concept of CE Mode A and B for PUR in idle-mode
A question that has been brought up in a draft feature lead summary prior RAN1 #97, is whether the concept of CE Mode A and B is applicable for PUR in idle mode.
To start answering the question, it is important to recall that to use PUR for very first time, the UE has to go through the legacy RACH procedure until entering into connected-mode to obtain a PUR configuration, which can later be used when the UE is back to idle-mode
The above is relevant because as part of the RACH procedure, the UE needs to determine an appropriate PRACH resource configuration according to its coverage level estimation. The cell can configure up to three Reference Signal Received Power (RSRP) thresholds that are used by the BL/CE device to select the PRACH resource configuration.
[image: ]
Figure 1: PRACH resource configuration and its early association to CE Mode A or B.
The device performs a CRS-based RSRP measurement and selects a PRACH CE level accordingly. This means, that as long as a PRACH preamble associated to a certain PRACH CE level is successfully received by the eNodeB, then the subsequent messages in idle-mode (e.g., RAR message) will use DCI formats and a set of parameters tied to either CE Mode A or B.
The above shows that already today there is an early association to either CE Mode A or B for UEs in idle mode, hence the concepts of CE Mode A and B can be applicable for PUR in idle-mode.
[bookmark: _Toc7797807]Already today there is an early association to either CE Mode A or B for UEs in idle mode. 
· [bookmark: _Toc7797808]This early association comes from the PRACH CE level selection which in turn has already a connection with CE Mode A and B. Hence the concepts of CE Mode A and B can be applicable for PUR in idle-mode.
[bookmark: _Toc7797824]The concepts of CE Mode A and B are applicable for PUR in idle-mode.
2.2.2	Design considerations for the PUR search space
[bookmark: _Hlk4765336]In RAN1 #96bis the following agreement was reached as a placeholder for the search space design.
	Agreement
The UE monitors the MPDCCH for at least a time period after a PUR transmission 
· FFS: Details of the time period
· FFS: UE behaviour if nothing is received in the time period
· FFS: If and how often UE monitors MPDCCH after a PUR allocation in which it has not transmitted




The search space design is highly dependent on whether RAN2 “decides that L2/L3 signaling is needed for all cases” or not. The UE monitors either for an “ACK” or for an “UL Grant”, which of these depends on whether the UL transmission was successfully received by the eNodeB or not. The UE may or may not have to distinguish between an “ACK” or an “UL Grant” in the same subframe. For example, even if the “L2/L3 signaling” were only used when the UE is going to be reconfigured, the potential reception of an “UL Grant” if any, may come sooner than a potential reception of an “ACK” if any, which has to be accounted in the search space design. In general, a legacy MPDCCH search space structure like the one used by USS, Type0-CSS and Type2-CSS in the example provided in Figure 2 might be re-used for PUR.


Figure 2: MPDCCH search space example for USS, Type0-CSS and Type2-CSS [4].
 
When the potential reception of an “ACK” or an “UL Grant” happen to be transmitted by the eNodeB at different times, depending on whether MPDCCH was scheduled without repetition or not, a single search space or consecutive search spaces within the window displayed in Figure 2 can account for it.
Nonetheless, even if the legacy MPDCCH search space structure used by USS, Type0-CSS and Type2-CSS could be re-used for PUR, until we are not certain of the RAN2 decision on whether “L2/L3 signaling is needed for all cases” or not, the window duration, and other details shall remain as FFS.
The above because there might be different scenarios to consider (e.g., hybrid scheme with no reconfiguration “L1 ACK or UL Grant”, hybrid scheme with reconfiguration “L2/L3 Signalling or UL Grant”, L2/L2 signaling is needed all time: L2/L3 signaling (perhaps embedding the L1-ACK) or UL Grant, etc), and it is therefore better to wait until RAN2 has made a decision.
[bookmark: _Toc7797809]The search space design is highly dependent on whether RAN2 “decides that L2/L3 signaling is needed for all cases” or not.
[bookmark: _Toc7797810]Towards the search space design, there might be different scenarios to consider (e.g., hybrid scheme when no reconfiguration “L1 ACK or UL Grant”, hybrid scheme when reconfiguration “L2/L3 Signalling or UL Grant”, L2/L2 Signaling is needed all time: L2/L3 Signaling (perhaps embedding the L1-ACK) or UL Grant, etc), and it is therefore better to wait until RAN2 has made a decision.
[bookmark: _Toc7797825]Wait for the RAN2 decision on whether “L2/L3 signaling is needed for all cases” or not, since the search space design is highly dependent on that decision (window length, search space type, etc).
About the list of FFSs:
-	FFS: Details of the time period: It will be part of the Working Assumption in proposal 3 above.
-	FFS: UE behaviour if nothing is received in the time period: It is not straight forward to address because the following two scenarios have to be considered:
[bookmark: _Hlk7214440][bookmark: _Hlk7213045][bookmark: _Hlk7213090]•	Skip Uplink is NOT configured: If skip uplink is NOT in use, and the UE monitored during the entire duration of the first search space without having received an “ACK” nor “UL Grant”, then the UE should perform a fall-back to legacy RACH/EDT since a re-attempt to transmit the data most likely won't be successful either.
•	Skip Uplink is configured: If skip uplink is in use, there are two possible situations that can occur.
· The UE has decided to skip the upcoming PUR transmission opportunity: If the UE skipped on purpose the upcoming transmission opportunity, not receiving an “ACK” nor “UL Grant” is indeed what is expected in this case.

· The UE has NOT skipped the upcoming PUR transmission opportunity: If the UE did not skip the upcoming transmission opportunity and monitored over the entire duration of the first search without receiving a “L1-ACK” nor “UL Grant”, then the UE should perform a fall-back to legacy RACH/EDT.
[bookmark: _Toc7797811]For the “FFS: UE behaviour if nothing is received in the time period”:
[bookmark: _Toc7797812]If skip uplink is NOT in use, and neither an “ACK” nor “UL Grant” was received, then the UE should perform a fall-back to legacy RACH/EDT.
[bookmark: _Toc7797813]If skip uplink is in use, there are two possible situations that can occur.
· [bookmark: _Toc7797814]If the UE skipped on purpose the upcoming transmission opportunity, not receiving an “ACK” nor an “UL Grant” is indeed what is expected in this case.
· [bookmark: _Toc7797815]If the UE did not skip the upcoming transmission opportunity and neither an “ACK” nor an “UL Grant” was received, then the UE should perform a fall-back to legacy RACH/EDT.
[bookmark: _Toc7797826]If skip uplink is NOT in use, and neither an “ACK” nor “UL Grant” was received, then the UE should perform a fall-back to legacy RACH/EDT.
About the last FFS in the list of FFSs:
-	FFS: If and how often UE monitors MPDCCH after a PUR allocation in which it has not transmitted: This FFS refers to case in which skip uplink is in use, and the UE has decided skipped the upcoming transmission opportunity. In this case, since neither an “ACK” nor “UL Grant” is indeed expected, from a UE battery saving perspective it will be beneficial not having to monitor the search space.
[bookmark: _Toc7797816]When the UE has decided to skip the upcoming transmission opportunity, since neither an “ACK” nor “UL Grant” is indeed expected, from a UE battery saving perspective it will be beneficial not having to monitor the search space.
[bookmark: _Toc7797827]When the UE has decided to skip the upcoming transmission opportunity, since neither an “ACK” nor “UL Grant” is indeed expected, from a UE battery saving perspective it will be beneficial not having to monitor the search space.
2.2.3	Power control for Dedicated PUR
In RAN1 #96bis, initial discussions on power control for dedicated PUR resulted in the following agreement:
	Agreement
The power control parameters within the PUR configuration, shall at least include:
· Target UL power level (P_0) for the PUR transmission




[bookmark: _Hlk7218345]Ideally, it would be desirable re-using for PUR the power control mechanism that exists today for PUSCH in the legacy specifications. PUSCH uses a closed loop power control, which won’t be suitable for PUR since the TPC commands that close the loop would be delivered too sparse in time due to the long periodicities that are expected to be used by PUR.
[bookmark: _Toc7797817]PUSCH in MTC uses a closed loop power control, which won’t be suitable for PUR since the TPC commands that close the loop would be delivered too sparse in time due to the long periodicities that are expected to be used by PUR.


Because of the reasons above, an open loop power control mechanism seems to be a better candidate to be used as power control mechanism for PUR. On this matter, and aiming at reducing the specs impacts, the PUSCH closed loop power control can turn into an open loop power control (similar to the one in NB-IoT) by using an appropriate setting on some of its parameters (e.g., , and using 'Accumulated mode' setting the TPC command to zero).
[bookmark: _Hlk7218723]Nonetheless, even if the existing equation can be used to provide an “open loop power control” for PUSCH in MTC, still it needs to be let as FFS whether a slight modification will be need or not to adapt it better to the PUR transmissions.
[bookmark: _Hlk7218620][bookmark: _Hlk7302658][bookmark: _Toc7797818]An open loop power control seems to be a better candidate to be used as power control mechanism for PUR.
· 

[bookmark: _Toc7797819][bookmark: _Hlk7302754]The legacy PUSCH closed loop power control can turn into an “open loop power control (similar to the one in NB-IoT)” by using an appropriate setting on some of its parameters (e.g.,  , , and  using 'Accumulated mode' setting the TPC command to zero)
[bookmark: _Toc7797828]An open loop power control is used as power control mechanism for PUR.
· 

[bookmark: _Toc7797829]The legacy PUSCH closed loop power control is turned into an “open loop power control by using an appropriate setting on some of its parameters (e.g.,  , and   using 'Accumulated mode' setting the TPC command to zero).
· [bookmark: _Toc7797830]FFS whether a slight modification will be need or not to adapt it better to the PUR transmissions.
2.2.4	HARQ for Dedicated PUR
In RAN1 #95, several agreements in terms of HARQ were reached. In this section we assess them one-by-one aiming at providing a follow-up for each of them.
	Agreement
If multi-TB grant is not enabled, a dedicated PUR allocation is associated to only a single TB and single HARQ process 
· FFS: if multi-TB grant is enabled/supported



From a RAN1 perspective using a multi-TB would mean that the same UE can for example transmit two different reports (e.g., one about temperature, and one about pollution level) with different periodicities (or same periodicity at different points in time) over the same or different “time-frequency” resources. The added complexity of supporting/enabling “multi-TB grant” for PUR has to be justified by significant gains, and until any quantifiable gains are show “multi-TB grant” should not be supported.

[bookmark: _Toc4749212][bookmark: _Toc7797831]Multi-TB grant for PUR is not supported until quantifiable gains are shown as to justify its added complexity on PUR. 
	Agreement
For dedicated PUR in idle mode, UL grant for HARQ retransmission is transmitted in MPDCCH search space
· FFS: Details on the search space (for example USS, CSS)



In section 2.2.2, proposal 3 refers to a Working assumption related to the search space design which includes an FFS on using “USS and/or CSS”.
	Agreement
[bookmark: _Hlk7216128]For dedicated PUR in idle mode, upon unsuccessful decoding by eNB of a PUR transmission, the UE can expect
· an UL GRANT for retransmission on the MPDCCH, or  
· FFS: a NACK, or
· FFS: no explicit ACK 



[bookmark: _Toc1155944][bookmark: _Toc1155992][bookmark: _Toc4749215][bookmark: _Toc4752852][bookmark: _Toc4764202]In our view, upon unsuccessful decoding by eNB of a PUR transmission, the UE should expect only the information required (e.g., time frequency resource, number of repeats, number of RUs, etc) to perform the retransmission (i.e., no NACK is needed).
[bookmark: _Toc7797832]Upon unsuccessful decoding by eNB of a PUR transmission, the UE can only expect either an “UL Grant” or “Nothing” (i.e., NACK is not supported).
[bookmark: _Toc4749216][bookmark: _Toc4752853][bookmark: _Toc4764203][bookmark: _Hlk4750459]Moreover, in relation with the retransmissions for PUR, in some contributions submitted to RAN1#96 it was mentioned that retransmission would be performed on the most immediate uplink resources reserved for that UE (i.e., the upcoming PUR period). However, using those uplink resources would result in a “self-blocking” since the retransmission would prevent the transmission of new data to happen as depicted in Figure 3.

[bookmark: _Toc4752854][bookmark: _Toc4764204][image: ]
Figure 3: Self-blocking issue when a retransmission is performed in the available PUR resources (i.e., upcoming PUR period).
[bookmark: _Toc4749218][bookmark: _Toc4752855][bookmark: _Toc4764205]What is depicted in Figure 3 is an issue, because a device transmitting over PUR on a periodic basis is expected to deliver new data (e.g., an updated pollution/temperature report) every time a new period begins, however as it is shown a retransmission prevents the UE from reporting new data. The situation becomes more severe when one retransmission attempt is not sufficient, since the periodic uplink resources may be blocked by retransmissions several times in a row. Hence, it should be clarified that dynamical scheduling of retransmissions is used as to finalize the retransmissions before the start of the next PUR period.
[bookmark: _Toc7797820]Using subsequent PUR occasions for retransmissions would result in a “self-blocking” since the retransmission would prevent the transmission of new data to happen.
[bookmark: _Toc7797833]Dynamical scheduling of retransmissions is used as to finalize the retransmissions before the start of the next PUR period.
3	CFS PUR and CBS PUR in IDLE mode
In RAN1 #94bis, it was agreed that “In idle mode, dedicated PUR is supported”, while the “Support for CFS PUR” and the “Support for CBS PUR” remained as FFS.
3.1	CFS PUR
 The definitions of “CFS PUR” applicable for this Work Item objective was described as follows:
	Contention-free shared preconfigured UL resource (CFS PUR) is defined as an PUSCH resource simultaneously used by more than one UE
-	PUSCH resource is at least time-frequency resource
-	CFS PUR is contention-free 


3.2 Evaluation on CFS PUR in CE Mode B
In RAN1 #95 a set of simulation assumptions were agreed to evaluate the potential benefits of a CFS PUR scheme based on MU-MIMO [5].
[bookmark: _Hlk956518]In [6], the performance of a number of UEs transmitting simultaneously over an equal number of PRBs was compared versus assigning a PRB to each of those UEs (e.g., 6 UEs transmitting simultaneously over 6 PRBs was compared versus 6UEs transmitting independently on its own PRB). Following the same logic, in this contribution the performance of 2 UEs transmitting simultaneously on 1 PRB was compared versus 1 UE transmitting on 6 subcarriers. 
In both RAN1#96 [7] and #96bis [8], a set of simulation results were presented to evaluate the performance of CFS PUR based on MU-MIMO in CE Mode A. From the simulation campaign it was concluded that “CFS-PUR based on MU-MIMO using MMSE single user receiver” is not suitable for an enhanced coverage region around 0 dB with a limited number of repeats (i.e., CE Mode A).
As a follow-up, initial evaluations have been performed in CE Mode B. The new simulation was performed using a “Total transmission length (maximum total number of (valid) subframes of transmission)” equal to 64 subframes. The setup for evaluating the “12-subcarrier allocation used by CFS based on MU-MIMO scheme”, and the “6-subcarrier allocation used by subPRB” was as follows to keep the total transmission time the same in both cases:
· 12 subcarriers, TBS=1000, 8 RUs, and Rep=8
· 6 subcarriers, TBS=1000, 8 RUs, and Rep=4

The same set of curves (i.e., INR=-10dB, INR=0dB, INR=3dB, INR=SNR, and INR = +/-5dB+SNR) as in previous evaluations were produced as shown in Figure 4.
[image: ]
[bookmark: _Hlk7298773]Figure 4 Performance comparison of CFS PUR based on MU-MIMO versus Dedicated PUR in CE Mode B using 64 subframes of transmission.
The first thing to mention is that the performance of the 6-subcarrier allocation is not equal to the non-interfered 12 subcarrier allocation because the number of repeats is different due to the different RU lengths, the former one used less repeats (i.e., 4) than the 12 subcarriers case (i.e., 8) for not exceeding the maximum number of usable subframes for this evaluation which was 64. 
The evaluation depicted in Figure 4 shows that when INR = SNR (i.e., interferer and observed UE transmit at the same power), there is still a performance degradation of around 2dB with respect to a full PRB allocation (or sub-PRB if same number of repeats were used). Thus, the results showed that a number of subframes of transmission larger than 64 will be required to use MU-MIMO for Preconfigured Uplink Resources (PUR).
[bookmark: _Toc7797821][bookmark: _Hlk7299181]Initial evaluations for CFS PUR based on MU-MIMO in CE Mode B show that a number of utilized subframes larger than 64 will be required to use MU-MIMO for PUR.
[bookmark: _Toc7797834]CFS-PUR based on MU-MIMO using MMSE single user receiver is not supported for an enhanced coverage region around 0 dB with a limited number of repeats (i.e., CE Mode A).
· [bookmark: _Toc7797835]FFS CE Mode B, since a number of subframes of transmission larger than 64 will be required to use MU-MIMO for PUR.
3.3	CBS PUR

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



For supporting a Shared PUR scheme that is contention-based, there is no need of adding another dimension (e.g., code domain, spatial domain) since the network can pre-allocate a number of “time-frequency PUSCH resources”, from which a UE can randomly select one of them to perform its UL transmission, this under the understanding that other UE(s) may have selected the exact same resource which would lead to a collision. For CBS PUR, normally the number of UEs that the network can support would have to be rather low as to guarantee low collision rate.
[bookmark: _Toc7797822]For CBS PUR, the network can pre-allocate a number of “time-frequency PUSCH resources”, from which a UE can randomly select one of them to perform its UL transmission. For this kind of schemes, the number of UEs that the network can support would have to be rather low as to guarantee a low collision rate.
[bookmark: _Toc7797836]CBS PUR is not supported in Rel-16.
4	Conclusion
In the previous sections we made the following observations for PUR transmissions in IDLE mode:

Observation 1	When the TA validation mechanisms are tested and not passed, there is an FFS on whether only the TA should be acquired. In relation to it, the following disadvantages have been identified:
	The resulting overhead would be comparable to EDT.
	PUR is a feature intended for stationary UEs with valid TA, updating the TA when the validity test fails may not be sufficient if the failure was due to e.g., a cell change, or coverage level change.
	Updating the TA when the validity test fails will require performing the test long before the PUR transmission opportunity to get a new TA and comeback to PUR.
	The essence of PUR, which allows to transmit on PUR only to those UEs that fulfil the condition of being in possession of valid TA (from connected mode) would be lost.
Observation 2	Already today there is an early association to either CE Mode A or B for UEs in idle mode.
	This early association comes from the PRACH CE level selection which in turn has already a connection with CE Mode A and B. Hence the concepts of CE Mode A and B can be applicable for PUR in idle-mode.
Observation 3	The search space design is highly dependent on whether RAN2 “decides that L2/L3 signaling is needed for all cases” or not.
Observation 4	Towards the search space design, there might be different scenarios to consider (e.g., hybrid scheme when no reconfiguration “L1 ACK or UL Grant”, hybrid scheme when reconfiguration “L2/L3 Signalling or UL Grant”, L2/L2 Signaling is needed all time: L2/L3 Signaling (perhaps embedding the L1-ACK) or UL Grant, etc), and it is therefore better to wait until RAN2 has made a decision.
Observation 5	For the “FFS: UE behaviour if nothing is received in the time period”:
If skip uplink is NOT in use, and neither an “ACK” nor “UL Grant” was received, then the UE should perform a fall-back to legacy RACH/EDT.
If skip uplink is in use, there are two possible situations that can occur.
 If the UE skipped on purpose the upcoming transmission opportunity, not receiving an “ACK” nor an “UL Grant” is indeed what is expected in this case.
 If the UE did not skip the upcoming transmission opportunity and neither an “ACK” nor an “UL Grant” was received, then the UE should perform a fall-back to legacy RACH/EDT.
Observation 6	When the UE has decided to skip the upcoming transmission opportunity, since neither an “ACK” nor “UL Grant” is indeed expected, from a UE battery saving perspective it will be beneficial not having to monitor the search space.
Observation 7	PUSCH in MTC uses a closed loop power control, which won’t be suitable for PUR since the TPC commands that close the loop would be delivered too sparse in time due to the long periodicities that are expected to be used by PUR.
Observation 8	An open loop power control seems to be a better candidate to be used as power control mechanism for PUR.


	The legacy PUSCH closed loop power control can turn into an “open loop power control (similar to the one in NB-IoT)” by using an appropriate setting on some of its parameters (e.g.,  , , and  using 'Accumulated mode' setting the TPC command to zero)
Observation 9	Using subsequent PUR occasions for retransmissions would result in a “self-blocking” since the retransmission would prevent the transmission of new data to happen.
Observation 10	Initial evaluations for CFS PUR based on MU-MIMO in CE Mode B show that a number of utilized subframes larger than 64 will be required to use MU-MIMO for PUR.
Observation 11	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.
 
Based on the discussion in the previous sections we propose the following:
Proposal 1	When the TA validation mechanisms are tested and not passed, the fall-back to legacy RACH or EDT agreed in RAN1 #96 is preferred over the FFSs.
Proposal 2	The concepts of CE Mode A and B are applicable for PUR in idle-mode.
Proposal 3	Wait for the RAN2 decision on whether “L2/L3 signaling is needed for all cases” or not, since the search space design is highly dependent on that decision (window length, search space type, etc).
Proposal 4	If skip uplink is NOT in use, and neither an “ACK” nor “UL Grant” was received, then the UE should perform a fall-back to legacy RACH/EDT.
Proposal 5	When the UE has decided to skip the upcoming transmission opportunity, since neither an “ACK” nor “UL Grant” is indeed expected, from a UE battery saving perspective it will be beneficial not having to monitor the search space.
Proposal 6	An open loop power control is used as power control mechanism for PUR.


	The legacy PUSCH closed loop power control is turned into an “open loop power control by using an appropriate setting on some of its parameters (e.g.,  , and   using 'Accumulated mode' setting the TPC command to zero).
	FFS whether a slight modification will be need or not to adapt it better to the PUR transmissions.
Proposal 7	Multi-TB grant for PUR is not supported until quantifiable gains are shown as to justify its added complexity on PUR.
Proposal 8	Upon unsuccessful decoding by eNB of a PUR transmission, the UE can only expect either an “UL Grant” or “Nothing” (i.e., NACK is not supported).
Proposal 9	Dynamical scheduling of retransmissions is used as to finalize the retransmissions before the start of the next PUR period.
Proposal 10	CFS-PUR based on MU-MIMO using MMSE single user receiver is not supported for an enhanced coverage region around 0 dB with a limited number of repeats (i.e., CE Mode A).
	FFS CE Mode B, since a number of subframes of transmission larger than 64 will be required to use MU-MIMO for PUR.
Proposal 11	CBS PUR is not supported in Rel-16.
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