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Introduction
In RAN#80, the Rel-16 work item on additional enhancements for NB-IoT was approved [1]. One of the objectives is to improve UL transmission efficiency and/or UE power consumption:
	[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


In RAN1#97 [2], the following agreements were made with respect to transmission in preconfigured UL resources.
	 Agreement
For dedicated PUR in idle mode and for HD-FDD UEs, the start of the PUR SS Window is [x] subframes after the end PUR transmission
· FFS: Value of x, and if x is fixed or signaled 
· FFS: Support for monitoring of PUR SS Window before PUR transmission
Note: The PUR SS Window is the time period where the UE monitors the NPDCCH for at least a time period after a PUR transmission

Agreement
NPDCCH candidates are determined by USS like search space 
· FFS: Other details on the USS like search space 
· Type2-CSS can also be discussed as part of the FFS

Conclusion
CBS PUR is not supported in Rel-16

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


In this paper, we give detailed analysis on several aspects of transmission in preconfigured UL resources.
TA update for PUR
In RAN1#96 [4], the following agreements were made with respect to TA update.
	Agreement
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


Once the TA is invalid, the UE is not allowed to transmit data on PUR to avoid intra-cell interference, and the UE may initiate conventional RACH/EDT procedures to transmit data. However, conventional RACH/EDT is uses the contention based RACH procedure, and may be too heavy for a PUR UE in IDLE mode who cannot initiate PUR transmission just due to TA invalid. It would be beneficial to introduce light mechanism to update TA. Once the TA is recovered or updated to be valid, the UE can still transmit data on PUR resource, which shall not consume additional resource to transmit Msg1, Msg2, Msg3 and Msg4 in conventional RACH procedure. As an example, a contention-free PRACH preamble can be configured to the UE along with the PUR configurations, and the PRACH preamble can be even configured to transmit inside the allocated PUR resource for further resource overhead reduction. When the TA is invalid, the UE can send the contention-free PRACH preamble to update TA with reduced signaling overhead and resource overhead. 
In summary, compared to using conventional RACH/EDT procedures just due to TA invalidation, a simplified procedure to update TA can bring the following benefits:
· The configured PRACH preamble is contention free and the PUR is dedicated. However, conventional RACH/EDT is contention-based and may cause resource collision and the retransmission of Msg3
· Reduce signaling overhead compared to 4-step RACH procedure (avoid entering RRC_CONNECTED mode)
· PUR transmission can support larger TBS than EDT (EDT only support 1000 bits TBS)
· Avoid wasting the PUR, which is already allocated
· A PUR-capable UE does not necessarily support EDT feature, and may be only able to fallback to RACH procedures.
Proposal 1: When the TA is found to be invalid, it is supported that only TA is acquired through pre-configured preamble transmission and feedback.
Proposal 2: A contention-free PRACH preamble is configured in the PUR configuration to the UE for TA update purpose.
PUR resource configuration and adaptive PUR transmission
In RAN1#96 [4], the following agreements were made with respect to PUR resource configuration for dedicated PUR.
	Agreement
For dedicated PUR, in idle mode, the PUR resource configuration includes at least the following 
· Time domain resources including periodicity(s) 
· Note: also includes number of repetitions, number of RUs, starting position
· Frequency domain resources
· TBS(s)/MCS(s)
· Power control parameters
· Legacy DMRS pattern


The time domain resources include periodicity(s), number of repetitions, number of RUs, starting position. The frequency domain resources may include frequency location of PUR and may also include the number of tones, i.e., 1/3/6/12 tones. 
Since the eNB may not have accurate knowledge about the UE UL traffic, the configured values, such as TBS and number of repetitions, may not perfectly match the UE actual data requirement. Similar issues were studied in Rel-15 EDT, which can be taken as a reference. In Rel-15 EDT, if the packet size is smaller than the configured maximum TBS, the UE can use a smaller TBS to avoid padding and waste of power, and the UE can scale down the repetition number to save power and network resource. Since the situation is similar for PUR and EDT, it is proposed similar mechanism is adopted for PUR.
Proposal 3: For dedicated PUR, the configured number of repetitions and configured TBS are the maximum number of repetitions and maximum TBS supported by the PUR.
Proposal 4: The UE is allowed to use a smaller TBS than the TBS configured in PUR configuration, and can scale down the repetition number in a way similar to Rel-15 EDT.
PUR skipping and notifying eNB of unused PUR
In RAN1#95 [5], it has been agreed that for dedicated PUR in idle mode, the UE may skip UL transmissions. And it is	FFS: Whether or not to support mechanism to disable skipping by eNB. 
When there is no UL data to transmit and skipping of the PUR transmission is disabled, the UE needs to transmit dummy packet to keep the PUR resource, which is a waste of UE power and UL resource. Since UE power consumption is critical for NB-IoT, we propose not to support mechanism to disable skipping by eNB.
Proposal 5: Do not support mechanism to disable skipping by eNB.
In RAN1#97 [2], it has been agreed that for further discussion: Aspects related to notifying eNB of unused PUR resources.
If the UE has no data to transmit, the UE may skip PUR. If there is no mechanism to notify the eNB of unused PUR, the eNB may have to buffer UL signals and then do blind decoding to find out whether the UE skips PUR or not, i.e., eNB needs to do multiple hypotheses considering all the possible MCS, TBS, repetition numbers, etc., which impacts eNB power consumption. Moreover, since the eNB does not know whether the UE will use the PUR or not, the eNB cannot allocate the PUR to other UEs. There is a waste of UL resource if no mechanism is supported to enable UE to notify the eNB of unused PUR.
Observation 1: If there is no mechanism to notify the eNB of unused PUR, the eNB needs to do blind decoding on the PUR resources to find out whether the UE skips PUR or not. This wastes eNB power consumption.
Observation 2: The eNB cannot allocate the PUR to other UEs, and therefore wastes UL resource if no mechanism is supported to enable UE to notify the eNB of unused PUR.
Proposal 6: RAN1 considers eNB blind decoding complexity, power consumption, and waste of UL resource due to unused PUR in the design of PUR mechanisms.
Theoretically, UE activity detection can be done through DMRS detection, i.e., if the eNB detects the DMRS on PUR is absent, the eNB can know that the UE skips PUR transmission, i.e. the PUR occasion is an unused PUR. However, for NB-IoT NPUSCH format 1 (used to carry UL data), the bandwidth is limited to 180 kHz and there is only one SC-FDMA symbol in a slot used for DMRS transmission. So the DMRS is limited in bandwidth and is sparse in time domain. As a result, the eNB needs to accumulate a long duration of UL signals for reliable DMRS detection. The eNB still needs to accumulate a long duration of signal and do the blind decoding, therefore, the power consumption overhead has already been consumed for the detection and a large portion of the unused PUR resource has already been wasted.
Observation 3: The power consumption overhead and wasting of the unused PUR cannot be resolved considering a long duration of UL signals needs to be accumulated for DMRS detection for NPUSCH format 1.
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[bookmark: _Ref15324320]Figure 1 Illustration of notifying the eNB of unused PUR
To address the issues above, when the UE skips PUR, a solution could be to send an indication signal to notify the eNB of unused PUR, which is highly detectable. The mechanism is shown in Figure 1. When the UE has data to transmit, the UE transmits the NPUSCH format 1 on the PUR. When the UE has no data to transmit, i.e., the PUR is an unused PUR, the UE sends an indication signal at the head of the PUR to notify the eNB of unused PUR. If the eNB detects the indication signal, the eNB knows the UE skips PUR, then the eNB can stop blind decoding UL signals on PUR, thus reducing eNB power consumption. Moreover, the eNB can allocate the remaining part of PUR to other UEs, thus reducing waste of UL resource. 
The indication signal is transmitted in a concentrated way compared with DMRS and may just occupy a small number of continuous slots/RUs so that it can be detected by the eNB timely and effectively. The detailed design of the indication signal can be further studied.
Figure 2 gives an illustration of how much UL resource can be saved due to the indication signal. Assume the eNB needs to accumulate  SC-FDMA symbols for reliable DMRS detection, since for NB-IoT NPUSCH format 1 (used to carry UL data), there is only one SC-FDMA symbol in a slot used for DMRS transmission, the eNB needs to receive   SC-FDMA symbols. If the indication signal is transmitted in a concentrated way compared with DMRS, then the eNB can only receive  SC-FDMA symbols for reliable indication signal detection, thus about  UL resource can be saved.
Observation 4: If the UE sends an indication signal, which is highly detectable, at the head of the PUR to notify the eNB of unused PUR, the eNB can know the UE skips PUR, then the eNB can stop blind decoding UL signals on PUR, thus reducing eNB power consumption. Moreover, the eNB can allocate the remaining part of PUR to other UEs, thus reducing waste of UL resource.
Proposal 7: When the UE skips PUR, the UE shall send an indication signal at the head of the PUR to notify the eNB of unused PUR. FFS details of the signal.

[bookmark: _Ref16674498]Figure 2 Illustration of indication signal
HARQ
PUR SS window for NPDCCH monitoring related with PUR
In RAN1#97 [2], the following agreements were made with respect to PUR SS window for dedicated PUR.
	Agreement
For dedicated PUR in idle mode and for HD-FDD UEs, the start of the PUR SS Window is [x] subframes after the end PUR transmission
· FFS: Value of x, and if x is fixed or signaled 
· FFS: Support for monitoring of PUR SS Window before PUR transmission
Note: The PUR SS Window is the time period where the UE monitors the NPDCCH for at least a time period after a PUR transmission


As similarly proposed in proposal 4, the UE behavior related to transmission in PUR is preferred to be similar to EDT. It is possible the HARQ procedures of PUR are similar to the HARQ procedures of EDT. A brief background on NPDCCH monitoring for EDT is provided in the following table and illustrated in Figure 3.
	(copied from Section 16.6 of TS 36.213 [9])
…
otherwise,
-	If the NB-IoT UE has a NPUSCH transmission for Msg3 ending in subframe with transport block size , whereas if would have been selected the NPUSCH transmission would have ended in subframe n, the UE is not required to monitor NPDCCH in any subframe starting from subframe n’+1 to subframe n+3. 
…
An NB-IoT UE is not required to monitor NPDCCH candidates of an NPDCCH search space during an NPUSCH UL gap.
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[bookmark: _Ref16520220]Figure 3 Illustration of NPDCCH monitoring for EDT
Similar to EDT, it is proposed that the start of the PUR SS Window is 4 subframes after the end of the PUR resource.
Proposal 8: For dedicated PUR in idle mode and for FDD NB-IoT UEs, the start of the PUR SS Window is 4 subframes after the end of the PUR.
UE behaviors after skipping a PUR transmission
In RAN1#95 [5], it has been agreed that for dedicated PUR in idle mode, the UE may skip UL transmissions. In RAN1#96bis [3], there is an FFS: If and how often UE monitors NPDCCH after a PUR allocation in which it has not transmitted. 
If the UE always skips UL transmissions and does not monitor NPDCCH, then there is no chance for eNB to send PUR reconfiguration (e.g., change PUR periodicity) or PUR release indications, which causes the waste of UL resource. If the UE monitors NPDCCH after every PUR occasion it skips for potential PUR reconfiguration/release indications, the UE power consumption would be large. In this regard, it is proposed to specify a subset of PUR SS windows that are monitored by a UE irrespective of whether the UE skips the associated PUR occasions. The method to determine the set of PUR SS windows can be further studied, e.g., after the skipping of N PUR occasions, or after every Nth PUR occasion, or others. The eNB can send DCI in these NPDCCH search spaces to schedule NPDSCH carrying PUR reconfiguration or PUR release indications. N can be configured in the PUR configuration to balance the tradeoff between the reachability and UE power consumption.
Observation 5: There is no way for eNB to send PUR reconfiguration (e.g., change PUR periodicity) or PUR release indications, which causes UL resource waste, when the UE always skips UL transmissions and if the NPDCCH is not monitored after a skipped PUR.
Observation 6: If the UE monitors NPDCCH after every skipped PUR occasion, the UE power consumption would be unacceptable.
Proposal 9: A subset of PUR SS windows are monitored by the UE irrespective of the UE whether or not skips the associated PUR occasions. 
· FFS: the details to define the subset of PUR SS windows, e.g., after skipping N PUR occasions, or every Nth PUR occasion, or others.
UE behaviors after a PUR transmission
Successful PUR transmission and dedicated PUR ACK
In RAN1#96 [4], it has been agreed that for dedicated PUR in idle mode, the dedicated PUR ACK is at least sent on NPDCCH. So a new DCI conveying dedicated PUR ACK is introduced, which is called dedicated PUR ACK DCI in this paper for convenience. In RAN1#97 [2], RAN2 has sent a LS to RAN1 on L1 signaling [8], the related part is copied to Annex A.
Based on the LS, it can be concluded that: after data transmission on PUR, when there is no pending downlink data or signaling, the eNB may send L1 signaling or RRC response message to acknowledge; otherwise, the eNB can only send RRC response message to acknowledge.
Observation 7: Based on RAN2’s LS, after data transmission on PUR,
· When there is no pending downlink data or signaling, the eNB may send L1 signaling or RRC response message to acknowledge; 
· Otherwise, the eNB can only send RRC response message to acknowledge.
When the eNB successfully decodes UL data on PUR, the eNB needs to communicate with MME/S-GW. The time duration of the communication between eNB and MME/S-GW depends on whether there is application layer feedback. To be more specific, as shown in Figure 4, when there is no application layer feedback, the time duration of the communication between eNB and MME/S-GW is quite small, i.e., about 20 ms; otherwise, the time duration can be very large, i.e., about 1~10 seconds. 
On the UE side, after data transmission on PUR, the UE begins to monitor the PUR search space and shall keep monitoring the NPDCCH in the PUR SS window during the time period that eNB communicates with MME/S-GW to receive eNB feedback. As a result, when there is application layer feedback, the UE shall monitor the PUR search space for about 1~10 seconds, which consumes a lot of UE power.
Observation 8: When there is no application layer feedback for PUR transmission, the time duration of the communication between eNB and MME/S-GW is small, i.e., about 20 ms; otherwise, the time duration can be very large, i.e., about 1~10 seconds.
Observation 9: When there is application layer feedback, the UE may consume too much power to monitor the PUR search space set in the PUR SS window for about 1~10 seconds.

[bookmark: _Ref15381539]Figure 4 Illustration of eNB/UE behavior: when there is no/is application layer feedback
To reduce UE power consumption, it would be beneficial for the dedicated PUR ACK DCI to further indicate whether there is pending downlink data or signaling for the UE. As shown in Figure 5, when the dedicated PUR ACK DCI indicates there is no pending downlink data or signaling, the UE can stop monitoring PUR search space and go to sleep mode directly and thus saves UE power. 
On the other hand, when the dedicated PUR ACK DCI indicates there is pending downlink data or signaling, the UE may skip monitoring PUR search space for a certain duration (e.g., K PDCCH period) and can recover the monitoring of PUR search space after that duration. In this case, the power consumption can be reduced since K PDCCH occaions can be skipped by the UE. Meanwhile, the UE can still receive RRC response message after the K PDCCH minotoring occasions. K can be semi-statically configured or indicated in the dedicated PUR ACK DCI.
Proposal 10: The dedicated PUR ACK DCI indicates whether or not there is pending downlink data or signaling for the UE.
Proposal 11: If the dedicated PUR ACK DCI indicates there would be downlink data or signaling for the UE, the UE may assume that there is no scheduling in a certain time duration after the PUR resource, which can be pre-configured or indicated by the DCI. 

[bookmark: _Ref15408946]Figure 5 Illustration of the proposed dedicated PUR ACK DCI
In RAN1#96bis [3], it has been agreed that reuse existing field(s) of DCI format N0 to convey the dedicated PUR ACK.
In current DCI format N0 (UL grant), there are many reserved states in “Subcarrier indication” field. Therefore, the reserved states in “Subcarrier indication” field of DCI format N0 can be considered to convey the dedicated PUR ACK. Since the dedicated PUR ACK DCI may convey other information, such as indicating whether or not there is pending downlink data or signaling for the UE, it is proposed to first consider what information shall be conveyed in the dedicated PUR ACK DCI, and then consider the detailed DCI design.
Proposal 12: RAN1 first consider what information shall be conveyed in the dedicated PUR ACK DCI, and then consider the detailed DCI design.
Unsuccessful PUR transmission
In RAN1#96bis agreement, it has been agreed that the UE monitors the NPDCCH for at least a time period after a PUR transmission, and there is an FFS: UE behaviour if nothing is received in that time period.
The time period is actually the PUR SS window discussed in Section 5.1. For discussion, we use the PUR SS window for convinince. After a PUR transmission, if nothing is received in the PUR SS window, it is highly possible that the eNB fails to decode the UL data. So in this case, the UE can consider the data transmission on PUR not successful and shall flush the HARQ buffer.
Proposal 13: If nothing is received in the PUR SS window after a PUR transmission, the UE shall consider the data transmission on the PUR not successful and shall flush the HARQ buffer.
In RAN1#96bis agreement, it was also agreed that after data transmission on PUR, upon unsuccessful decoding by eNB, the UE can expect an UL grant for retransmission on NPDCCH. Other behaviors are FFS. According to the current specifications, when unsuccessful decoding by eNB occurs, the UE may receive an UL grant for retransmission, which is conveyed by DCI format N0 (NDI not toggled) and explicitly allocate a UL resource for retransmission. For PUR, this requires the eNB to allocate extra UL resources for NPUSCH retransmission during the PUR SS window, which consumes resource overhead and may require eNB to schedule timely during the PUR SS window. Considering the UE has already been configured with dedicated and periodic PUR resource, it is beneficial that the NPUSCH retransmission can be also transmitted on the next PUR resource for efficient usage of UL resource.
Observation 10: It is beneficial to allow UE to use the next PUR resource for PUR retransmission with respective to more efficient UL resource usage.
Proposal 14: The UL grant for retransmission of a PUR can indicate either the next PUR resource or an explicitly allocated UL resource for PUR retransmission.
Although, the eNB can schedule UL grant for PUR retransmission, it is possible that the eNB may prefer not to do the retransmission until the eNB estimates and updates a new TA to the UE. In this case, the eNB may do not want to do the scheduling of HARQ retransmission, and want to indicate the UE that the PUR transmission fails and fallback to RACH/EDT to retransmit the data. However, it has not been supported to send NPDCCH order for a UE in IDLE mode. Considering the DCI N0 is anyway developed to carry explicit ACK in PUR, it is proposed that an explicit NACK is also conveyed by the NPUSCH format N0 transmitted in PUR SS. 
Proposal 15: In case of unsuccessful decoding by eNB, the UE may detect an explicit NACK DCI in the associated PUR SS window, which indicates the PUR transmission fails and fallback to legacy RACH/EDT procedures to retransmit the data.
PUR SS overlaps in time domain with Paging CSS

Figure 6 Illustration of PUR SS overlaps with Paging CSS
In RAN1#96bis agreement, it has been agreed that the UE monitors the NPDCCH for at least a time period after a PUR transmission. In the meantime, idle mode UE shall monitor Paging CSS periodically. So as shown in Figure 6, it is possible that PUR SS overlaps with Paging CSS. Since NB-IoT can only monitor one search space at one time, the priority between PUR SS and Paging CSS needs to be specified. The pros/cons of prioritizing PUR SS or Paging CSS are summarized in Table 2.
[bookmark: _Ref15460465]Table 2 Pros/Cons of prioritizing PUR SS or Paging CSS
	
	Pros
	Cons

	Prioritize PUR SS
	Can receive indications related to PUR;
UE does not need to switch to the DL carrier for paging, saving UE power
	May miss paging and cause paging delay

	Prioritize Paging CSS
	No paging delay
	May miss indications related to PUR;
UE may switch carrier if PUR SS and Paging CSS are not on the same DL carrier, increasing UE power consumption


It is worth noting that the eNB does not store higher layer UE_ID (e.g., IMSI, S-TMSI) for idle mode UEs, so the eNB cannot send paging message in PUR SS since the eNB is not able to map the IMSI/S-TMSI contained in the paging message from MME to a UE configured with PUR by eNB.
Observation 11: When PUR SS overlaps with Paging CSS, prioritizing PUS SS has the benefit that UE can receive indications related to PUR and do not need to switch DL carrier, but at the cost that UE may miss paging and cause paging delay.
Observation 12: The eNB cannot send paging message to a UE through PUR SS since the eNB is not able to map the IMSI/S-TMSI contained in the paging message to a UE configured with PUR, which is due to the fact that higher layer UE_IDs (e.g., IMSI, S-TMSI) for idle mode UEs cannot be maintained by eNB.
After a PUR transmission, whether the MME will send paging message to a UE depends on whether the eNB has successfully decoded UL data on PUR or not. 
If the eNB has successfully decoded UL data on PUR, the eNB will further communicate with MME. In this case, the MME knows the UE has performed uplink transmission and will treat the UE as a temporal connected mode UE. So if the MME has some indications to send to the UE, the MME will send them via downlink data or signaling instead of paging message. In summary, after a PUR transmission, if the eNB has successfully decoded UL data on PUR, the MME will not send paging message to the UE, and the UE can prioritize PUR SS when it overlaps with Paging CSS.
On the other hand, if the eNB has failed to decode UL data on PUR, the eNB will consider the UE may skip PUR, and both the eNB and MME will consider the UE is still in idle mode. So the MME may send paging message to the UE if necessary. In this case, if the UE prioritize PUR SS when it overlaps with Paging CSS, the UE may miss paging and cause paging delay.
Due to the fact that the UE does not know whether the PUR transmission is successful or not, to make sure the UE can both receive paging message timely and can receive indications related to PUR, we propose a mechanism as follows:
· For a UE in DRX mode, the UE prioritizes PUR SS when it overlaps with Paging CSS
· For a UE in eDRX mode, the UE prioritizes Paging CSS when it overlaps with PUR SS
The main reason is that for a UE in DRX mode, the periodicity of Paging CSS, i.e., DRX cycle, is relatively small. So even if the UE drops current Paging CSS, it can still receive paging in the next Paging CSS, so the paging delay is small. However, for a UE in eDRX mode, the maximum eDRX cycle can be ~2.9 hours, so prioritizing PUR SS here may cause a large paging delay and is therefore not preferred.
Observation 13: If the UE prioritizes PUR SS when it overlaps with Paging CSS, 
· For a UE operated only in DRX mode, the paging delay is small since the DRX cycle is small.
· For a UE operated in eDRX mode, the paging delay can be very large since the maximum eDRX cycle can be ~2.9 hours.
Proposal 16: After a PUR transmission, when PUR SS overlaps with Paging CSS, 
· For a UE operated only in DRX mode, the UE prioritizes PUR SS
· For a UE operated in eDRX mode, the UE prioritizes Paging SS
Power control for PUR transmission
In RAN1#97 [2], it has been agreed that for further discussion: Potential enhancements of power control mechanisms for PUR. (The baseline is the existing NB-IoT open loop power control.).
According to TS 36.213 [9], in legacy NPUSCH transmission, when the number of repetitions is greater than 2, max power is adopted; otherwise, the power is calculated based on path loss. The main reason is that the eNB can have an accurate estimation of the UE’s coverage based the RACH procedure. So if the scheduled number of repetitions for legacy NPUSCH transmission is larger than 2, it is highly possible that the eNB determines the UE’s coverage is not so good, and shall use max power and repetitions together to ensure the performance of UL transmission.
However, since there is no RACH procedure prior to PUR transmission and the UE’s path loss may change due to environment changes, the eNB may not have accurate estimation of the UE’s coverage. Therefore, it is preferred to be more conservative on power control to avoid uplink interference. Thus, it is proposed the power for PUR transmission is calculated based on the estimated path loss regardless of the repetition number.
Proposal 17: The power for PUR transmission is calculated based on path loss regardless of the repetition number.
eNB scheduling complexity
Since the time-frequency resources used for this Rel-16 feature is invisible to Rel-13~Rel-15 UEs, the eNB has to do careful scheduling to separate the preconfigured resources and the normal NPUSCH resources. It is important to consider this issue to reduce eNB scheduling complexity.
Proposal 18: Consider the impact on eNB scheduling due to preconfigured UL resources, e.g., separating preconfigured resources and normal NPUSCH resources.
CFS PUR
[bookmark: OLE_LINK37]For CFS PUR, multiple UEs can simultaneously transmit in shared resources. Compared with dedicated PUR, CFS PUR might be beneficial in terms of increasing spectrum efficiency and reducing network resource overhead. 
Simulation for CFS PUR
Simulation cases and performance metric
In order to evaluate the gain of CFS PUR, the following simulation cases are simulated as shown in Figure 7.
· Dedicated PUR: 1 UE transmits UL data in a PUR resource.
· CFS PUR: X UEs simultaneously transmit UL data in a PUR resource that is the same as dedicated PUR. 

[bookmark: _Ref16675138]Figure 7 Simulation cases for Dedicated PUR and CFS PUR
Block error rate is evaluated to show the UE performance. In addition, throughput is also an important metric for evaluation. For performance comparison between dedicated PUR and CFS PUR, even if the block error rate for each UE may degrade, the total throughput of UEs on the CFS PUR can be improved. 
Simulation results
[bookmark: OLE_LINK35]NB-IoT supports 1/3/6/12 tones for uplink data transmissions. Two typical scenarios with single tone NPUSCH transmission and 12-tone NPUSCH transmission are simulated respectively to illustrate the performance of CFS PUR. The simulation assumption are given in Annex B.
· Scenario 1: single tone transmission, 128 repetitions
· D-PUR: single UE transmits UL data in a PUR resource(1 subcarrier, 1 RU, and 128 repetitions)
· CFS PUR: two UEs transmit UL data in the CFS PUR resource(1 subcarrier, 1 RU, and 128 repetitions)
[image: ]
(a)                                                                                   (b)
Figure 8: The block error rate and throughput results for single tone PUR transmission
· Scenario 2: 12-tone transmission, 128 repetitions
· D-PUR: single UE transmits UL data in a PUR resource(12 subcarriers, 1 RU, and 128 repetitions)
· CFS PUR: two UEs transmit UL data in the CFS-PUR resource(12 subcarriers, 1 RU, and 128 repetitions)
[image: ]
(a)                                                                                  (b)
Figure 9: The block error rate and throughput results for 12-tone PUR transmission
[bookmark: OLE_LINK38]The block error rate results are shown in Figure 8 (a) and Figure 9 (a) respectively for single tone and 12-tone NPUSCH transmission. For both single tone and 12-tone transmission, it is observed that, for the bad coverage, the block error rate for each UE transmitted on the CFS PUR only has a negligible loss compared to the block error rate single UE transmission on the D-PUR. 
Observation 14: To use the same resource with 128 repetitions, the block error rate for CFS PUR is degraded with negligible loss compared with that for dedicated PUR transmission.
The throughput results are shown in Figure 8 (b) and Figure 9 (b) respectively. The used resource of D-PUR and CFS PUR is the same, but the CFS PUR can accommodate two UEs’ UL transmissions, the throughput of CFS PUR is nearly twice of the throughput of D-PUR for bad coverage UEs.
Observation 15: For a resource with 128 repetitions, the throughput for two UEs’ transmission on CFS PUR is almost double that for single UE transmission on the dedicated PUR.
· Scenario 2: 12-tone transmission, 16 repetitions
· D-PUR: single UE transmits UL data in a PUR resource(12 subcarriers, 1 RU, and 16 repetitions)
· CFS PUR: two UEs transmit UL data in the CFS-PUR resource(12 subcarriers, 1 RU, and 16 repetitions)
[image: ]
(a)                                                                                  (b)
Figure 10: The block error rate and throughput results for 12-tone PUR transmission with 16 repetitions
The block error rate and throughput results are shown in Figure 10 (a) and Figure 10 (b) respectively for 12-tone NPUSCH transmission with 16 repetitions. It is observed that, for 10% BLER performance, the block error rate for each UE transmitted on the CFS PUR has a little loss compared to the block error rate single UE transmission on the D-PUR. But the throughput for CFS PUR is almost double that for dedicated PUR.
Observation 16: For a resource with 16 repetitions, the block error rate for CFS PUR has a little loss compared with that for dedicated PUR transmission, but the throughput for two UEs’ transmission on CFS PUR is almost double that for single UE transmission on the dedicated PUR.
UE-specific DMRS for NPUSCH transmission in PUR
In RAN1#96bis agreement, for dedicated PUR in idle mode, the PUR configuration is configured by UE-specific RRC signaling. For CFS PUR in idle mode, eNB can also configure the same PUR resource to multiple UEs by UE-specific RRC signaling, however with different DMRS. This configuration method can maintain the commonality in the design between dedicated PUR and CFS PUR in case CFS PUR is supported. The challenge of CFS PUR is how the eNB can identify different UEs transmitting in the same CFS PUR and obtain the channel estimation of the UEs respectively for demodulation and decoding. For better future compatibility, UE-specific DMRS is needed to assign different DMRS sequences to different UEs for the operation of CFS-PUR.
In current NB-IoT, the DMRS for NPUSCH is cell-specific. UE-specific DMRS can be achieved via methods such as cyclic shift etc. Specification changes may be needed.
Proposal 19: Support UE-specific orthogonal DMRS for NPUSCH transmission in PUR to enable MU-MIMO based CFS PUR in Rel-16 NB-IoT.
Conclusion
In this contribution, UL transmission in preconfigured resource is discussed from perspective of timing advance, resource configuration, UE activity detection, HARQ transmission etc. The observations and proposals in the contribution are summarized as following.
Proposal 1: When the TA is found to be invalid, it is supported that only TA is acquired through pre-configured preamble transmission and feedback.
Proposal 2: A contention-free PRACH preamble is configured in the PUR configuration to the UE for TA update purpose.
Proposal 3: For dedicated PUR, the configured number of repetitions and configured TBS are the maximum number of repetitions and maximum TBS supported by the PUR.
Proposal 4: The UE is allowed to use a smaller TBS than the TBS configured in PUR configuration, and can scale down the repetition number in a way similar to Rel-15 EDT.
Proposal 5: Do not support mechanism to disable skipping by eNB.
Proposal 6: RAN1 considers eNB blind decoding complexity, power consumption, and waste of UL resource due to unused PUR in the design of PUR mechanisms.
Proposal 7: When the UE skips PUR, the UE shall send an indication signal at the head of the PUR to notify the eNB of unused PUR. FFS details of the signal.
Proposal 8: For dedicated PUR in idle mode and for FDD NB-IoT UEs, the start of the PUR SS Window is 4 subframes after the end of the PUR.
Proposal 9: A subset of PUR SS windows are monitored by the UE irrespective of the UE whether or not skips the associated PUR occasions. 
· FFS: the details to define the subset of PUR SS windows, e.g., after skipping N PUR occasions, or every Nth PUR occasion, or others.
Proposal 10: The dedicated PUR ACK DCI indicates whether or not there is pending downlink data or signaling for the UE.
Proposal 11: If the dedicated PUR ACK DCI indicates there would be downlink data or signaling for the UE, the UE may assume that there is no scheduling in a certain time duration after the PUR resource, which can be pre-configured or indicated by the DCI. 
Proposal 12: RAN1 first consider what information shall be conveyed in the dedicated PUR ACK DCI, and then consider the detailed DCI design.
Proposal 13: If nothing is received in the PUR SS window after a PUR transmission, the UE shall consider the data transmission on the PUR not successful and shall flush the HARQ buffer.
Proposal 14: The UL grant for retransmission of a PUR can indicate either the next PUR resource or an explicitly allocated UL resource for PUR retransmission.
Proposal 15: In case of unsuccessful decoding by eNB, the UE may detect an explicit NACK DCI in the associated PUR SS window, which indicates the PUR transmission fails and fallback to legacy RACH/EDT procedures to retransmit the data.
Proposal 16: After a PUR transmission, when PUR SS overlaps with Paging CSS, 
· For a UE operated only in DRX mode, the UE prioritizes PUR SS
· For a UE operated in eDRX mode, the UE prioritizes Paging SS
Proposal 17: The power for PUR transmission is calculated based on path loss regardless of the repetition number.
Proposal 18: Consider the impact on eNB scheduling due to preconfigured UL resources, e.g., separating preconfigured resources and normal NPUSCH resources.
Proposal 19: Support UE-specific orthogonal DMRS for NPUSCH transmission in PUR to enable MU-MIMO based CFS PUR in Rel-16 NB-IoT.

Observation 1: If there is no mechanism to notify the eNB of unused PUR, the eNB needs to do blind decoding on the PUR resources to find out whether the UE skips PUR or not. This wastes eNB power consumption.
Observation 2: The eNB cannot allocate the PUR to other UEs, and therefore wastes UL resource if no mechanism is supported to enable UE to notify the eNB of unused PUR.
Observation 3: The power consumption overhead and wasting of the unused PUR cannot be resolved considering a long duration of UL signals needs to be accumulated for DMRS detection for NPUSCH format 1.
Observation 4: If the UE sends an indication signal, which is highly detectable, at the head of the PUR to notify the eNB of unused PUR, the eNB can know the UE skips PUR, then the eNB can stop blind decoding UL signals on PUR, thus reducing eNB power consumption. Moreover, the eNB can allocate the remaining part of PUR to other UEs, thus reducing waste of UL resource.
Observation 5: There is no way for eNB to send PUR reconfiguration (e.g., change PUR periodicity) or PUR release indications, which causes UL resource waste, when the UE always skips UL transmissions and if the NPDCCH is not monitored after a skipped PUR.
Observation 6: If the UE monitors NPDCCH after every skipped PUR occasion, the UE power consumption would be unacceptable.
Observation 7: Based on RAN2’s LS, after data transmission on PUR,
· When there is no pending downlink data or signaling, the eNB may send L1 signaling or RRC response message to acknowledge; 
· Otherwise, the eNB can only send RRC response message to acknowledge.
Observation 8: When there is no application layer feedback for PUR transmission, the time duration of the communication between eNB and MME/S-GW is small, i.e., about 20 ms; otherwise, the time duration can be very large, i.e., about 1~10 seconds.
Observation 9: When there is application layer feedback, the UE may consume too much power to monitor the PUR search space set in the PUR SS window for about 1~10 seconds.
Observation 10: It is beneficial to allow UE to use the next PUR resource for PUR retransmission with respective to more efficient UL resource usage.
Observation 11: When PUR SS overlaps with Paging CSS, prioritizing PUS SS has the benefit that UE can receive indications related to PUR and do not need to switch DL carrier, but at the cost that UE may miss paging and cause paging delay.
Observation 12: The eNB cannot send paging message to a UE through PUR SS since the eNB is not able to map the IMSI/S-TMSI contained in the paging message to a UE configured with PUR, which is due to the fact that higher layer UE_IDs (e.g., IMSI, S-TMSI) for idle mode UEs cannot be maintained by eNB.
Observation 13: If the UE prioritizes PUR SS when it overlaps with Paging CSS, 
· For a UE operated only in DRX mode, the paging delay is small since the DRX cycle is small.
· For a UE operated in eDRX mode, the paging delay can be very large since the maximum eDRX cycle can be ~2.9 hours.
Observation 14: To use the same resource with 128 repetitions, the block error rate for CFS PUR is degraded with negligible loss compared with that for dedicated PUR transmission.
Observation 15: For a resource with 128 repetitions, the throughput for two UEs’ transmission on CFS PUR is almost double that for single UE transmission on the dedicated PUR.
Observation 16: For a resource with 16 repetitions, the block error rate for CFS PUR has a little loss compared with that for dedicated PUR transmission, but the throughput for two UEs’ transmission on CFS PUR is almost double that for single UE transmission on the dedicated PUR.
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RAN2 Answers: 
#1 For the working assumption #1, RAN2 has agreed as follows:
· RRC response message needs to be supported by the UE and could be used in all cases.
· For some cases L1 signalling is sufficient to acknowledge, i.e. RRC response message is not needed. 
· RAN2 assumes the L1 signalling for acknowledgement is sent only after the eNB determines there is no pending downlink data or signalling.
· RAN2 assumes that the configuration for D-PUR provided by RRC signalling is not updated via L1 signalling, and should check with RAN1 what parameters are planned to be (re)configured using DCI.
…



Annex B. Simulation assumption parameters for dedicated PUR and CFS PUR
	Parameter
	Value/Description

	Channel model
	ETU 1Hz

	Subcarrier spacing
	15kHz

	Number of subcarriers
	Single tone or 12tones

	Number of RUs in a repetition
	1

	Number of repetitions
	128

	Number of UEs
	Dedicated PUR: 1
CFS PUR: 2

	Transport Block Size and Modulation Order
	104 bits TBS with QPSK

	Number of eNB Rx antennas
	2

	DMRS multiplexing
	For single tone: different DMRS is realized by using different u in TS 36.211 Table 10.1.4.1.1-1.
For 12 tones: different DMRS is realized by using different cyclic shifts.

	Channel Estimation
	Realistic

	CFO
	0

	Timing Error
	0
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