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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#98bis [2], the following agreements were made with respect to transmission in preconfigured UL resources.
	R1-1911393	LS on PUR transmission for NB-IoT/eMTC	Futurewei
R1-1911395	LS on PUR transmission for NB-IoT/eMTC	Futurewei
Decision: The draft LS is endorsed with following changes:
· Adding RAN4 in CC
· Modify following part of body text as below
Discussion on PUR L1 ACK for an application layer response message (for NB-IoT and eMTC)
RAN1 has the following questions:
· What is the range of the non-zero gap considering the followings questions
a. What is the frequency proportion (how often) of PUR transmissions that have anthe application layer response after a PUR transmission.
b. What is the time duration between a PUR transmission and the corresponding application layer response.
· Modify Actions as below
2. Actions:
RAN1 kindly asks RAN2 
1. To take into account the RAN1 agreements and confirm the feasibility; and
2. To address the questions and feasibility and benefit of the above PUR L1 ACK indication.
Final LS is approved in R1-1911399.

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

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

Agreement
After data transmission on PUR, if nothing is received by the UE in a PUR search space window, the UE shall fallback to legacy RACH/EDT procedure.

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

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


In this paper, we give detailed analysis on several aspects of transmission in preconfigured UL resources.
HARQ
UE behaviors after skipping a PUR transmission
In RAN1#95 [7], it has been agreed that for dedicated PUR in idle mode, the UE may skip UL transmissions. In RAN1#96bis [5], 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. A simple method can be the UE monitors the PUR SS after every Nth PUR occasion irrespective of whether or not the UE skips the associated PUR occasion, where N can be configured in the PUR configuration to balance the tradeoff between the reachability and UE power consumption. The eNB can send DCI in these NPDCCH search spaces to schedule NPDSCH carrying PUR reconfiguration or PUR release indications.
[bookmark: _Ref20305989]Observation 1: 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.
[bookmark: _Ref20305990]Observation 2: If the UE monitors NPDCCH after every skipped PUR occasion, the UE power consumption would be unacceptable.
[bookmark: _Ref20303835][bookmark: _Ref24119775][bookmark: _Ref20305938]Proposal 1: The UE monitors the PUR SS after every Nth PUR occasion irrespective of whether or not the UE skips the associated PUR occasion, where N is included in the PUR configuration.
It is worth noting that RAN2 has agreed an implicit PUR release mechanism, i.e. D-PUR configuration is released when the eNB doesn’t detect “m” consecutive UE transmissions [11]. 
Firstly, this is a PUR release mechanism triggered from UE side. It is essential to provide another mechanism to enable network originated PUR release, for which the mechanism in Proposal 1 can provide.
Secondly, the implicit PUR release mechanism requires at least “m” PUR resources being wasted before the PUR released. It is expected that the value “m” cannot be very small so that the UE does not need to always transmit uplink to keep the PUR resource. In the proposed mechanism (see Proposal 1), “N” can be a smaller value which enables the eNB to release the PUR resource effectively for the reduction of the wasted UL resource.
[bookmark: _Ref20305991]Observation 3: Compared to RAN2’s implicit PUR release mechanism, the proposed mechanism (see Proposal 1) can effectively reduce the waste of UL resource by setting “N” smaller than “m”.
Dedicated PUR ACK DCI
In RAN1#96 [6], 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#98 [3] and RAN1#98bis [2], the following agreements were made with respect to dedicated PUR ACK DCI.
	Agreement
RAN1 will downselect among the following indications for PUR L1 ACK in RAN1#98bis
•	Timing advance adjustment (including TA adjustment of 0)
•	UE TX power adjustment 
•	NPUSCH repetition adjustment
•	Indication of PUR SS monitoring termination
•	Flag to indicate for L1 ACK
•	None of the above 
Note: No new indications will be considered.

Agreement
The dedicated PUR ACK DCI at least allows for indicating implicitly or explicitly that the current PUR monitoring is terminated 
· FFS: The dedicated PUR ACK DCI at least allows for indicating whether the UE continues monitoring the PUR search space after a gap (whether the gap is always zero or it can be zero)

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

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


In this subsection, we first analyze the indications that shall be conveyed in dedicated PUR ACK DCI, and then give the detailed DCI design.
Indication of PUR SS monitoring termination
In RAN1#98 [3], there is an FFS: The dedicated PUR ACK DCI at least allows for indicating whether the UE continues monitoring the PUR search space after a gap (whether the gap is always zero or it can be zero). In RAN1#98bis [2], the following LS to RAN2 is further agreed:
	(copied from LS: R1-1911399)
…
Discussion on PUR L1 ACK for an application layer response message (for NB-IoT and eMTC)
In RAN1#98bis meeting, RAN1 discussed the following indication to be carried by the L1 ACK DCI:
The PUR transmission is successful and UE may continue monitoring the PUR SS after a non-zero gap. The non-zero-gap is part of the PUR configuration. The value of the non-zero gap will be decided by RAN2.

RAN1 has the following questions:
1. What is the range of the non-zero gap considering the followings questions
3. What is the proportion (how often) of PUR transmissions that have an application layer response after a PUR transmission.
3. What is the time duration between a PUR transmission and the corresponding application layer response.
…


The motivation of the indication in the LS is to reduce UE power consumption in some cases. The details are given below.
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 1, 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.
[bookmark: _Ref20305992]Observation 4: When there is no application layer feedback for PUR transmission, the time duration of the communication between eNB and MME/S-GW is small, i.e., about 20 ms; otherwise, the time duration can be very large, i.e., about 1~10 seconds.
[bookmark: _Ref20305993]Observation 5: When there is application layer feedback, the UE may consume too much power to monitor the PUR search space set in the PUR SS window for about 1~10 seconds.

[bookmark: _Ref19692127]Figure 1 Illustration of eNB/UE behavior: when there is no/is application layer feedback
[bookmark: _Ref15381539]As a result, when there is application layer feedback, it can effectively reduce UE power consumption if the dedicated PUR ACK DCI can indicate the UE to continue monitoring the PUR search space after a non-zero gap (e.g., K PDCCH period).
For example, as shown in Figure 2, when the UE receives such indication, the UE may skip monitoring PUR search space for a non-zero gap (e.g., K PDCCH period) and can recover the monitoring of PUR search space after that gap. In this case, the power consumption can be reduced since K PDCCH occasions can be skipped by the UE. Meanwhile, the UE can still receive RRC response message after the K PDCCH minotoring occasions. As described in the LS, the non-zero gap, e.g., K PDCCH period, is part of the PUR configuration.
[bookmark: _Ref23963043][bookmark: _Ref24119776][bookmark: _Ref20305942]Proposal 2: The dedicated PUR ACK DCI may indicate the PUR transmission is successful and UE may continue monitoring the PUR SS after a non-zero gap. The non-zero gap is part of the PUR configuration.

[bookmark: _Ref19695416]Figure 2 Illustration of indicating the UE may continue monitoring the PUR SS after a non-zero gap
The benefit of the proposed solution in Proposal 2 may depend on the answers to the two questions in the LS, i.e., question a and b. Although the answers will be provided by RAN2, here we also provide some analysis on them.
Regarding question “a. What is the proportion (how often) of PUR transmissions that have an application layer response after a PUR transmission”, in TR 45.820, there is some related description, i.e., “A DL application layer ACK for an uplink periodic reporting event is assumed in 50% of UL MAR periodic reports generated.”. Therefore, 50% can be taken as a proper answer, which means this is a common case.
[bookmark: _Ref23963443][bookmark: _Ref24119898]Observation 6: Based on TR 45.820, i.e., “A DL application layer ACK for an uplink periodic reporting event is assumed in 50% of UL MAR periodic reports generated.”, a proper answer to question a in the LS (R1-1911399) is 50%, which means this is a common case.
Regarding question “b.	What is the time duration between a PUR transmission and the corresponding application layer response”, we notice that similar issue was discussed in an LS (R2-1804228) from RAN3 to RAN2/SA2/CT1 on R15 EDT, which is copied below
	Copied from R2-1804228 (LS from RAN3 to RAN2/SA2/CT1 on R15 EDT)
…
5: In order to define the correct timing between msg3 and msg4 as well as to meet the timing requirements defined for an RRC connection, RAN2 asks for input on the expected delay of steps 4, 5 and 6 in figure 2.

RAN3 answer: 
· In case there is no DL PDU, or one buffered DL, or more than one buffered DL PDUs to be transmitted, the latency is 2 times of S1 signalling delay, e.g. 20 ms.
· In case there is only one expected DL response PDU to be transmitted, the latency will be two times of backhaul delay (eNB<-->MME<-->SGW<-->PGW<-->Server) plus application server processing time.
…


According to “the latency will be two times of backhaul delay (eNB<-->MME<-->SGW<-->PGW<-->Server) plus application server processing time” (highlighted in red above), it is reasonable to believe that the time duration in question b cannot be very small, and will possibly be hundreds of ms or several seconds or even larger.
[bookmark: _Ref23963444][bookmark: _Ref24119900]Observation 7: Based on an LS (R2-1804228) from RAN3 to RAN2/SA2/CT1, i.e., “the latency will be two times of backhaul delay (eNB<-->MME<-->SGW<-->PGW<-->Server) plus application server processing time”, it is reasonable to believe that the time duration in question b cannot be very small, and will possibly be hundreds of ms or several seconds or even larger.
Based on Observation 6 and Observation 7, it can be concluded that the proposed solution in Proposal 2 has significant benefits in many cases.
[bookmark: _Ref24119901]Observation 8: Based on Observation 6 and Observation 7, it can be concluded that the proposed solution in Proposal 2 has significant benefits in many cases.
[bookmark: _Ref15408946]Timing advance adjustment
In RAN1#98bis [2], it has been agreed that the dedicated PUR ACK DCI at least includes the Timing Advance adjustment (including TA adjustment of 0). The TA adjustment field is [6] bits as legacy.
In legacy NB-IoT, the TA adjustment is 6 bits. In previous meetings, there were proposals from other companies to introduce a shortened TA update range (e.g., 3 bits TA adjustment) with the argument that UEs using PUR are stationary or low mobility [10]. However, even if the UEs using PUR are low mobility UEs, it is possible that PUR periodicity is quite large (e.g., several hours), and thus the UE’s movement can be several hundred meters. In this case, 3 bits TA adjustment is not enough. Therefore, we propose to use the legacy 6 bits TA adjustment.
[bookmark: _Ref20305995]Observation 9: 3 bits TA adjustment is not enough since the PUR periodicity can be quite large (e.g., several hours) and the UE’s movement can be several hundred meters.
[bookmark: _Ref20305945]Proposal 3: For multi-tone NPUSCH transmission on PUR, the dedicated PUR ACK DCI conveys legacy 6 bits TA adjustment.
Dedicated PUR ACK DCI design
In RAN1#96bis [5], it has been agreed that reuse existing field(s) of DCI format N0 to convey the dedicated PUR ACK. For reference, the legacy DCI format N0 (UL grant) is shown in Table 1. 
[bookmark: _Ref19701224]Table 1 Legacy DCI format N0 (UL grant)
	Field
	Bits
	Note

	Flag for format N0/format N1 differentiation
	1
	 

	Subcarrier indication, 
	6
	For 3.75 kHz:  are reserved. (16 reserve states in total)
For 15 kHz:  are reserved. (45 reserve states in total)

	Resource assignment, 
	3
	 

	Scheduling delay, 
	2
	 

	Modulation and coding scheme, 
	4
	For single tone:  are used
For multi tone:  are used
 is used by EDT

	Redundancy version
	1
	 

	Repetition number, 
	3
	 

	New data indicator
	1
	 

	DCI subframe repetition number
	2
	 



In legacy 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 indicate this is a new DCI, i.e., dedicated PUR ACK DCI, and the remaining bits can be repurposed. The proposed dedicated PUR ACK DCI design is given in Table 2 and explained as follows:
· The reserved states of “Subcarrier indication” field are used to indicate the following
· : The PUR transmission is successful, the PUR procedure is concluded, and UE terminates the PUR SS monitoring
· : The PUR transmission is successful and UE may continue monitoring the PUR SS after a non-zero gap
· : The PUR transmission is unsuccessful and UE falls-back to EDT or RACH
· “Timing advance adjustment” field is newly introduced to convey the TA adjustment when the “Subcarrier indication” field is set to 48 or 49 (i.e., ):
· For multi-tone PUR transmission: this field conveys the legacy 6 bits TA adjustment
· For single-tone PUR transmission: 6 bits are reserved
· Note: when , it means fallback indication, i.e., the PUR transmission is unsuccessful, so the eNB cannot estimate TA and hence cannot covey the TA adjustment in the DCI
· There are 10 reserved bits and all the remaining bits are set to one
[bookmark: _Ref20745209]
[bookmark: _Ref24119867]Proposal 4: For dedicated PUR ACK DCI design, the reserved states of “Subcarrier indication” field are used to indicate the following:
- : The PUR transmission is successful, the PUR procedure is concluded, and UE terminates the PUR SS monitoring
- : The PUR transmission is successful and UE may continue monitoring the PUR SS after a non-zero gap
- : The PUR transmission is unsuccessful and UE falls-back to EDT or RACH

[bookmark: _Ref20745353]Proposal 5: For dedicated PUR ACK DCI design, introduce “Timing advance adjustment” field to convey the TA adjustment when the “Subcarrier indication” field is set to 48 or 49 (i.e., ):
-  For multi-tone PUR transmission: this field conveys the legacy 6 bits TA adjustment
-  For single-tone PUR transmission: 6 bits are reserved

[bookmark: _Ref19710470]Table 2 Proposed dedicated PUR ACK DCI design
	Field
	Bits
	Note

	Flag for format N0/format N1 differentiation
	1
	Remain valid

	Subcarrier indication, 
	6
	For both 3.75 kHz and 15 kHz, reserve states  are reused as follows:
· : The PUR transmission is successful, the PUR procedure is concluded, and UE terminates the PUR SS monitoring
· : The PUR transmission is successful and UE may continue monitoring the PUR SS after a non-zero gap
· : The PUR transmission is unsuccessful and UE falls-back to EDT or RACH 

	Timing advance adjustment
	6
	When  and for multi-tone PUR transmission: this field conveys the legacy 6 bits TA adjustment
Otherwise: 6 bits are reserved

	Reserve bits
	10
	All the remaining bits are set to one


Notifying eNB of unused PUR
In RAN1#97 [4], 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.
[bookmark: _Ref24119902]Observation 10: Without the notification to the eNB of unused PUR, the eNB needs to do blind decoding on the PUR resources to find out whether the UE skips PUR or not. This wastes eNB power consumption.
[bookmark: _Ref24119903]Observation 11: Without the notification to the eNB of unused PUR, the eNB cannot allocate the PUR to other UEs, and therefore wastes UL resource.
[bookmark: _Ref24119870]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.
[bookmark: _Ref24119906]Observation 12: The power consumption and wasting of the unused PUR cannot be resolved considering a long duration of UL signals needs to be accumulated for DMRS detection for NPUSCH format 1.
[image: ]
[bookmark: _Ref24122969]Figure 3 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. This is illustrated in Figure 3错误!未找到引用源。. 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. 
For simplicity, the indication signal can be legacy DMRS sequence repeated in N continuous slots, where N is given in PUR configuration. Since the indication signal is transmitted in a concentrated way compared with legacy DMRS in NPUSCH format 1, it can be detected by the eNB timely and effectively.
Figure 4错误!未找到引用源。 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.
[bookmark: _Ref24119907]Observation 13: If the UE sends an indication signal, which is highly detectable, at the head of the PUR to notify the eNB of unused PUR, the eNB can know the UE skips PUR, then the eNB can stop blind decoding UL signals on PUR, thus reducing eNB power consumption. Moreover, the eNB can allocate the remaining part of PUR to other UEs, thus reducing waste of UL resource.
[bookmark: _Ref24119875]Proposal 7: When the UE skips PUR, the UE shall send N continuous slots of legacy DMRS sequence at the head of the PUR to notify the eNB that it is not using the currently allocated PUR, where N is given in PUR configuration.
[image: ]
[bookmark: _Ref23264842]Figure 4 Illustration of indication signal
PUR resource configuration and adaptive PUR transmission
In RAN1#96 [6], 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 include frequency location of PUR and 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.
[bookmark: _Ref24119876]Proposal 8: For dedicated PUR, the configured number of repetitions and configured TBS are the maximum number of repetitions and maximum TBS supported by the PUR.
[bookmark: _Ref24119878]Proposal 9: The UE is allowed to use a smaller TBS than the TBS configured in PUR configuration, and can scale down the repetition number in a way similar to Rel-15 EDT.
For dedicated PUR, after UL transmission on PUR, the UE expects to receive some downlink feedback such as PUR ACK DCI or UL grant for retransmission. So it is proposed that the DL carrier frequency is included in the PUR configuration.
[bookmark: _Ref23959435][bookmark: _Ref24119879]Proposal 10: The DL carrier frequency is included in PUR configuration.
PUR SS overlaps in time domain with Paging CSS

[bookmark: _Ref19644533]Figure 5 Illustration of PUR SS overlaps with Paging CSS
In RAN1#96bis agreement [5], 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 5, 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 3.
[bookmark: _Ref19644545]Table 3 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.
[bookmark: _Ref20305997]Observation 14: When PUR SS overlaps with Paging CSS, prioritizing PUS SS has the benefit that UE can receive indications related to PUR and do not need to switch DL carrier, but at the cost that UE may miss paging and cause paging delay.
[bookmark: _Ref20305998][bookmark: _Ref20679926]Observation 15: The eNB cannot send paging message to a UE through PUR SS since the eNB is not able to map the IMSI/S-TMSI contained in the paging message to a UE configured with PUR, which is due to the fact that higher layer UE_IDs (e.g., IMSI, S-TMSI) for idle mode UEs cannot be maintained by eNB.
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 temporarily as a 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.
[bookmark: _Ref19644633][bookmark: _Ref19644772]Observation 16: If the UE prioritizes PUR SS when it overlaps with Paging CSS, 
-  For a UE operated only in DRX mode, the paging delay is small since the DRX cycle is small.
-  For a UE operated in eDRX mode, the paging delay can be very large since the maximum eDRX cycle can be ~2.9 hours.
[bookmark: _Ref20305963]Proposal 11: After a PUR transmission, when PUR SS overlaps with Paging CSS
-  For a UE operated only in DRX mode, the UE prioritizes PUR SS
-  For a UE operated in eDRX mode, the UE prioritizes Paging CSS
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. 
Scrambling of NPUSCH in PUR transmission

[bookmark: OLE_LINK73][bookmark: OLE_LINK74]CFS PUR allows multiple UEs simultaneously transmit NPUSCH in shared resources. In legacy NB-IoT, the scrambling seed for NPUSCH is initialized based on the UE’s C-RNTI, cell ID and time information. According to TS 36.211, the bit-level scrambling sequences with linear seed (legacy bit-level scrambling) in  consecutive subframes are the same. This would reduce the gain of the repetition. Similar to the scrambling schemes used in NPDSCH in Rel-14, besides the legacy bit-level scrambling, an additional symbol-level scrambling (after modulation, before DFT) can be applied for the NPUSCH to improve the performance with repetitions. This additional symbol-level scrambling (after modulation, before DFT) can be regarded as an additional RE-level scrambling, which is same as the scrambling for NPDSCH.
· Additional symbol-level scrambling（same as NPDSCH）: The scrambling sequence is initialized at start of each subframe with nonlinear seed . The mapping rule from bit to phase for the scrambling sequence is the same as NPDSCH.
[bookmark: OLE_LINK75]We simulate a typical 12 tones scenario to compare the performance between legacy bit-level scrambling of NPUSCH and additional symbol-level scrambling, as shown in Figure 6. Compared with legacy bit-level scrambling, for 10% BLER performance, the additional symbol-level scrambling can provide additional 1.6dB performance gain for 128 repetitions.
[image: ]
[bookmark: _Ref19734659]Figure 6 Performance comparison for 12 tones PUR transmission with legacy bit-level scrambling vs additional symbol-level scrambling used in legacy NPDSCH 
[bookmark: _Ref20305999][bookmark: OLE_LINK79]Observation 17: For 12 tones CFS PUR transmission with 128 repetitions and 10% BLER performance, compared with legacy bit-level scrambling, the additional symbol-level scrambling used in legacy NPDSCH can achieve 1.6 dB gain.
[bookmark: _Ref20744711][bookmark: _Ref20305965][bookmark: OLE_LINK76]Proposal 12: Adopt the additional symbol-level scrambling (after modulation, before DFT) used in legacy NPDSCH on 3/6/12 tones PUR transmission, where the scrambling sequence is initialized at start of each subframe with  and the same mapping rule from bit to phase for the symbol scrambling of legacy NPDSCH is applied.
Performance evaluation on the PUR transmission
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. 
[image: ]
[bookmark: _Ref20743913]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
NB-IoT supports 1/3/6/12 tones for uplink data transmissions. The scenarios with 1/3/6/12 tones NPUSCH transmission are simulated respectively to illustrate the performance of CFS PUR. The simulation assumption parameters are given in Annex A.
12 tones PUR transmission
The simulations for 12 tones PUR transmission assume the additional symbol-level scrambling in section 6.1 is applied.
· Case 1: 64 repetitions
· D-PUR: single UE transmits UL data in a PUR resource(12 subcarriers, 1 RU, and 64 repetitions)
· CFS PUR: two UEs transmit UL data in the CFS-PUR resource(12 subcarriers, 1 RU, and 64 repetitions)
[image: ]
(a)                                                                                  (b)
[bookmark: _Ref20678635]Figure 8 Block error rate and throughput results for 12 tones PUR transmission with 64 repetitions
· Case 2: 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)
[bookmark: _Ref20678659]Figure 9 Block error rate and throughput results for 12 tones PUR transmission with 128 repetitions
The block error rate results are shown in Figure 8 (a) and Figure 9 (a) respectively for 64 repetitions and 128 repetitions. For both 64 repetitions and 128 repetitions, it is observed that each UE’s NPUSCH transmission on the CFS PUR only has a little loss on the BLER performance compared with single UE transmission on the D-PUR with 10% BLER performance working point. 
[bookmark: _Ref20306000]Observation 18: For 12 tones transmission in the same resource with either 64 repetitions or 128 repetitions, the BLER performance is slightly degraded for CFS PUR compared with that for dedicated PUR.
The throughput results are shown in Figure 8 (b) and Figure 9 (b) respectively for 64 repetitions and 128 repetitions. The used resource of D-PUR and CFS PUR is the same, but the CFS PUR can accommodate two UEs’ UL transmissions, each of which just degraded slightly on the link level performance. Therefore, the throughput of CFS PUR is nearly twice of the throughput of D-PUR.
[bookmark: _Ref20744614][bookmark: _Ref20306001]Observation 19: For 12 tones transmission in the resource with either 64 repetitions or 128 repetitions, the throughput of two UEs’ transmission on CFS PUR is almost double of that for single UE transmission on the dedicated PUR.
6 tones PUR transmission
The simulations for 6 tones assume the additional symbol-level scrambling in section 6.1 is applied.
· Case 1: 64 repetitions
· D-PUR: single UE transmits UL data in a PUR resource(6 subcarriers, 1 RU, and 64 repetitions)
· CFS PUR: two UEs transmit UL data in the CFS-PUR resource(6 subcarriers, 1 RU, and 64 repetitions)
[image: ]
[bookmark: _Ref24128797]Figure 10 Block error rate and throughput results for 6 tones PUR transmission with 64 repetitions
· Case 2: 128 repetitions
· D-PUR: single UE transmits UL data in a PUR resource(6 subcarriers, 1 RU, and 128 repetitions)
· CFS PUR: two UEs transmit UL data in the CFS-PUR resource(6 subcarriers, 1 RU, and 128 repetitions)
[image: ]
 (a)                                                                                  (b)
[bookmark: _Ref20678770]Figure 11 Block error rate and throughput results for 6 tones PUR transmission with 128 repetitions
The block error rate results are shown in Figure 10(a) and Figure 11(a) respectively for 64 repetitions and 128 repetitions. For both 64 repetitions and 128 repetitions, it is observed that each UE’s NPUSCH transmission on the CFS PUR only has a little loss on the BLER performance compared with single UE transmission on the D-PUR with 10% BLER performance working point. 
[bookmark: _Ref24119913]Observation 20: For 6 tones transmission in the same resource with either 64 repetitions or 128 repetitions, the BLER performance is slightly degraded for CFS PUR compared with that for dedicated PUR.
The throughput results are shown in Figure 10(b) and Figure 11(b) respectively for 64 repetitions and 128 repetitions. The used resource of D-PUR and CFS PUR is the same, but the CFS PUR can accommodate two UEs’ UL transmissions, each of which just degraded slightly on the link level performance. Therefore, the throughput of CFS PUR is nearly twice of the throughput of D-PUR.
[bookmark: _Ref24119914]Observation 21: For 6 tones transmission in the resource with either 64 repetitions or 128 repetitions, the throughput of two UEs’ transmission on CFS PUR is almost double of that for single UE transmission on the dedicated PUR.
3 tones PUR transmission
The simulations for 3 tones assume the additional symbol-level scrambling in section 6.1 is applied.
· Case 1: 64 repetitions
· D-PUR: single UE transmits UL data in a PUR resource(3 subcarriers, 1 RU, and 64 repetitions)
· CFS PUR: two UEs transmit UL data in the CFS-PUR resource(3 subcarriers, 1 RU, and 64 repetitions)
[image: ]
[bookmark: _Ref24128825]Figure 12 Block error rate and throughput results for 3 tones PUR transmission with 64 repetitions
· Case 2: 128 repetitions
· D-PUR: single UE transmits UL data in a PUR resource(3 subcarriers, 1 RU, and 128 repetitions)
· CFS PUR: two UEs transmit UL data in the CFS-PUR resource(3 subcarriers, 1 RU, and 128 repetitions)
[image: ]
(a)                                                                                  (b)
[bookmark: _Ref20678818]Figure 13 Block error rate and throughput results for 3 tones PUR transmission with 128 repetitions
The block error rate results are shown in Figure 12(a) and Figure 13(a) respectively for 64 repetitions and 128 repetitions. For both 64 repetitions and 128 repetitions, it is observed that each UE’s NPUSCH transmission on the CFS PUR only has a little loss on the BLER performance compared with single UE transmission on the D-PUR with 10% BLER performance working point. 
[bookmark: _Ref24119916]Observation 22: For 3 tones transmission in the same resource with either 64 repetitions or 128 repetitions, the BLER performance is slightly degraded for CFS PUR compared with that for dedicated PUR.
The throughput results are shown in Figure 12(b) and Figure 13(b) respectively for 64 repetitions and 128 repetitions. The used resource of D-PUR and CFS PUR is the same, but the CFS PUR can accommodate two UEs’ UL transmissions, each of which just degraded slightly on the link level performance. Therefore, the throughput of CFS PUR is nearly twice of the throughput of D-PUR.
[bookmark: _Ref24119918]Observation 23: For 3 tones transmission in the resource with either 64 repetitions or 128 repetitions, the throughput of two UEs’ transmission on CFS PUR is almost double of that for single UE transmission on the dedicated PUR.
[bookmark: OLE_LINK82]
Single tone PUR transmission

[bookmark: OLE_LINK3]For single tone, the UE-specific DMRS is realized by using different u in TS 36.211 Table 10.1.4.1.1-1. According to the UE-specific DMRS, 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. Considering the cyclic repetition is not used for single tone transmission, i.e. is always 1, therefore it would be not necessary to use the additional symbol-level scrambling. Therefore, in the simulation, only legacy bit-level scrambling is assumed.
· Case 1: 64 repetitions
· D-PUR: single UE transmits UL data in a PUR resource(1 subcarrier, 1 RU, and 64 repetitions)
· CFS PUR: two UEs transmit UL data in the CFS PUR resource(1 subcarrier, 1 RU, and 64 repetitions)
[image: ]
[bookmark: _Ref24128852]Figure 14 Block error rate and throughput results for single tone PUR transmission with 64 repetitions
· Case 2: 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)
[bookmark: _Ref20678881]Figure 15 Block error rate and throughput results for single tone PUR transmission with 128 repetitions
The block error rate results are shown in Figure 14(a) and Figure 15(a) respectively for 64 repetitions and 128 repetitions. For both 64 repetitions and 128 repetitions, it is observed that each UE’s NPUSCH transmission on the CFS PUR only has a little loss on the BLER performance compared with single UE transmission on the D-PUR with 10% BLER performance working point. 
[bookmark: _Ref24119919]Observation 24: For single tone transmission in the same resource with either 64 repetitions or 128 repetitions, the BLER performance is slightly degraded for CFS PUR compared with that for dedicated PUR.
The throughput results are shown in Figure 14(b) and Figure 15(b) respectively for 64 repetitions and 128 repetitions. The used resource of D-PUR and CFS PUR is the same, but the CFS PUR can accommodate two UEs’ UL transmissions, each of which just degraded slightly on the link level performance. Therefore, the throughput of CFS PUR is nearly twice of the throughput of D-PUR.
[bookmark: _Ref24119920]Observation 25: For single tone transmission in the resource with either 64 repetitions or 128 repetitions, the throughput of two UEs’ transmission on CFS PUR is almost double of that for single UE transmission on the dedicated PUR.
Discussion based on the evaluation results
In RAN1#98bis, an agreement on updating working assumption is achieved as following:
	Agreement on updating working assumption
The following previous working assumption is revised with modification in RED:
For NB-IoT allocation with 12 tones, for PUR with R>= [64 or 128 repetitions or ms]:
· Allow for UE-specific cyclic shift for DMRS:
· For 12 tone allocation, [2 or 4 or 8] cyclic shifts in TS 36.211 Table 5.2.2.1.1-2.
· For NPUSCH scrambling, the baseline is the current c_init equation by using the configured PUR_RNTI. 
· Companies are welcome to evaluate baseline c_init, alternative c_init (e.g. c_init for NPDSCH rotation sequence) equations, and other proposals (e.g., symbol-wise phase rotation). 
· FFS: whether any enhancement on top of legacy scrambling is needed
Note 1: The Working Assumption is also subject to the potential RAN2 and RAN4 specification impacts.
Note 2: It is transparent to a given UE whether the eNB is allocating other UEs in the same resource.
Note 3: It needs to be discussed how to ACK and to provide UL grant to UEs that transmitted simultaneously using CFS-PUR.


According to the Observation 19 obtained based on the simulation, it is proposed to allow UE-specific cyclic shift for DMRS for 12 tones PUR transmission with R>= 64 repetitions or ms. The table index of cyclic shifts for 12 tone in the working assumption has some mistake, the correct table index should be Table 5.5.2.1.1-2, 8 cyclic shifts can be supported by the specification. It is proposed to support 8 cyclic shifts for 12 tones PUR transmission for the eNB flexibility.
[bookmark: _Ref20745581]Proposal 13: Confirm the working assumption in RAN1#98bis for 12 tones PUR transmission:
· For NB-IoT allocation with 12 tones, for PUR with R>=64 repetitions or ms, allow for UE-specific cyclic shift for DMRS:
· For 12 tones allocation, 8 cyclic shifts in TS 36.211 Table 5.25.2.1.1-2.
Regarding the second sub-bullet in the working assumption, Proposal 12 gives the preference to use the additional symbol-level scrambling as that in legacy NPDSCH for NPUSCH PUR transmission.
Similar to Proposal 10, for CFS PUR, it is possible that each UE can also be configured with a dedicated DL carrier. Therefore, regarding Note 3 in the working assumption, when multiple UEs simultaneously transmit on PUR resource, the PUR ACK DCI or UL grant for retransmission of these UEs can be transmitted on different DL carriers.
[bookmark: _Ref24119921]Observation 26: For CFS PUR, the PUR ACK DCIs or UL grant for retransmissions for multiple UEs can be transmitted on different DL carriers. 
Regarding the single tone, 3 tones and 6 tones transmission, similarly, the largest number of cyclic shifts that can be supported in legacy specification is preferred to be supported for the UE-specific cyclic shifts for DMRS of PUR with the intention to provide the flexibility for the network to explore the throughput gain of CFS PUR. According to the simulation results, we can at least start from the R>=64 repetitions for all 1/3/6 tones transmissions in PUR.
[bookmark: _Ref20305966][bookmark: _Ref20745646]Proposal 14: For PUR with 3/6 tones and single tone transmission with R >= 64 repetitions or ms:
· [bookmark: OLE_LINK84]For 3/6 tones, allow for UE-specific cyclic shift for DMRS: 
· For 6 tones allocation, 4 cyclic shifts in TS 36.211 Table 10.1.4.1.2-3.
· For 3 tones allocation, 3 cyclic shifts in TS 36.211 Table 10.1.4.1.2-3.
· For single tone, allow for UE-specific u in TS 36.211 Table 10.1.4.1.1-1 for DMRS:
· For single tone allocation, 16 different u.

Conclusion
In this contribution, UL transmission in preconfigured resource is discussed from perspective of resource configuration, notifying eNB of unused PUR, HARQ transmission, etc. The observations and proposals in the contribution are summarized as following.
Proposal 1: The UE monitors the PUR SS after every Nth PUR occasion irrespective of whether or not the UE skips the associated PUR occasion, where N is included in the PUR configuration.
Proposal 2: The dedicated PUR ACK DCI may indicate the PUR transmission is successful and UE may continue monitoring the PUR SS after a non-zero gap. The non-zero gap is part of the PUR configuration.
Proposal 3: For multi-tone NPUSCH transmission on PUR, the dedicated PUR ACK DCI conveys legacy 6 bits TA adjustment.

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

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

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 N continuous slots of legacy DMRS sequence at the head of the PUR to notify the eNB that it is not using the currently allocated PUR, where N is given in PUR configuration.
Proposal 8: For dedicated PUR, the configured number of repetitions and configured TBS are the maximum number of repetitions and maximum TBS supported by the PUR.
Proposal 9: The UE is allowed to use a smaller TBS than the TBS configured in PUR configuration, and can scale down the repetition number in a way similar to Rel-15 EDT.
Proposal 10: The DL carrier frequency is included in PUR configuration.
Proposal 11: After a PUR transmission, when PUR SS overlaps with Paging CSS
-  For a UE operated only in DRX mode, the UE prioritizes PUR SS
-  For a UE operated in eDRX mode, the UE prioritizes Paging CSS
Proposal 12: Adopt the additional symbol-level scrambling (after modulation, before DFT) used in legacy NPDSCH on 3/6/12 tones PUR transmission, where the scrambling sequence is initialized at start of each subframe with and the same mapping rule from bit to phase for the symbol scrambling of legacy NPDSCH is applied.and the same mapping rule from bit to phase for the symbol scrambling of legacy NPDSCH is applied.

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

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


Observation 1: 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 2: If the UE monitors NPDCCH after every skipped PUR occasion, the UE power consumption would be unacceptable.
Observation 3: Compared to RAN2’s implicit PUR release mechanism, the proposed mechanism (see Proposal 1) can effectively reduce the waste of UL resource by setting “N” smaller than “m”.
Observation 4: When there is no application layer feedback for PUR transmission, the time duration of the communication between eNB and MME/S-GW is small, i.e., about 20 ms; otherwise, the time duration can be very large, i.e., about 1~10 seconds.
Observation 5: When there is application layer feedback, the UE may consume too much power to monitor the PUR search space set in the PUR SS window for about 1~10 seconds.
Observation 6: Based on TR 45.820, i.e., “A DL application layer ACK for an uplink periodic reporting event is assumed in 50% of UL MAR periodic reports generated.”, a proper answer to question a in the LS (R1-1911399) is 50%, which means this is a common case.
Observation 7: Based on an LS (R2-1804228) from RAN3 to RAN2/SA2/CT1, i.e., “the latency will be two times of backhaul delay (eNB<-->MME<-->SGW<-->PGW<-->Server) plus application server processing time”, it is reasonable to believe that the time duration in question b cannot be very small, and will possibly be hundreds of ms or several seconds or even larger.
Observation 8: Based on Observation 6 and Observation 7, it can be concluded that the proposed solution in Proposal 2 has significant benefits in many cases.
Observation 9: 3 bits TA adjustment is not enough since the PUR periodicity can be quite large (e.g., several hours) and the UE’s movement can be several hundred meters.
Observation 10: Without the notification to the eNB of unused PUR, the eNB needs to do blind decoding on the PUR resources to find out whether the UE skips PUR or not. This wastes eNB power consumption.
Observation 11: Without the notification to the eNB of unused PUR, the eNB cannot allocate the PUR to other UEs, and therefore wastes UL resource.
Observation 12: The power consumption and wasting of the unused PUR cannot be resolved considering a long duration of UL signals needs to be accumulated for DMRS detection for NPUSCH format 1.
Observation 13: If the UE sends an indication signal, which is highly detectable, at the head of the PUR to notify the eNB of unused PUR, the eNB can know the UE skips PUR, then the eNB can stop blind decoding UL signals on PUR, thus reducing eNB power consumption. Moreover, the eNB can allocate the remaining part of PUR to other UEs, thus reducing waste of UL resource.
Observation 14: When PUR SS overlaps with Paging CSS, prioritizing PUS SS has the benefit that UE can receive indications related to PUR and do not need to switch DL carrier, but at the cost that UE may miss paging and cause paging delay.
Observation 15: The eNB cannot send paging message to a UE through PUR SS since the eNB is not able to map the IMSI/S-TMSI contained in the paging message to a UE configured with PUR, which is due to the fact that higher layer UE_IDs (e.g., IMSI, S-TMSI) for idle mode UEs cannot be maintained by eNB.
Observation 16: If the UE prioritizes PUR SS when it overlaps with Paging CSS, 
-  For a UE operated only in DRX mode, the paging delay is small since the DRX cycle is small.
-  For a UE operated in eDRX mode, the paging delay can be very large since the maximum eDRX cycle can be ~2.9 hours.

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