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In RAN1 #95 meeting, the following agreements were achieved for the transmission in preconfigured resources [1].
	Agreement
· For dedicated PUR in idle mode, the UE may skip UL transmissions.
· FFS: Resource release mechanism
· FFS: Whether or not to support mechanism to disable skipping by eNB

Agreement
· If multi-TB grant is not enabled, a dedicated PUR allocation is associated to only a single TB and single HARQ process 
-	FFS: if multi-TB grant is enabled/supported

Agreement 
· In idle mode, at least the following TA validation attributes are supported:
· Serving cell changes (serving cell refers the cell that the UE is camping on)
· Time Alignment Timer for idle mode 
· Serving cell RSRP changes (serving cell refers the cell that the UE is camping on)
· Based on RSRP measurement definition in existing Rel-15 TS36.214
· Include in LS to RAN2, RAN4 to consider in their work. 

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

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

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

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

Agreement
· For dedicated PUR in idle mode, upon successful decoding by eNB of a PUR transmission, the UE can expect an explicit ACK 
· FFS: if ACK is sent on MPDCCH (layer 1) and/or PDSCH (layer 2/3)
· Include in LS to RAN2, RAN4.

Agreement
· For dedicated PUR in idle mode, upon unsuccessful decoding by eNB of a PUR transmission, the UE can expect
· an UL GRANT for retransmission on the MPDCCH, or  
· FFS: a NACK, or
· FFS: no explicit ACK 
· Include in LS to RAN2, RAN4.


In this contribution, the aspects related to preconfigured UL resources in both idle and connected mode with both shared and dedicated resources are discussed. 
[bookmark: _Ref129681832]Discussion
In order to enable a robust and efficient transmission in PURs, technical issues including resource allocation mechanism, UL synchronization, UE activity and data detection, collision management, power control, link adaptation and HARQ feedback, are shown in Figure 1 and discussed in Sections 2.1 through 2.7.
[image: ]
[bookmark: _Ref520453037]Figure 1: Design aspects related to the transmission in PURs
In addition, the periodic traffic with small packets, such as meter applications, is a typical and important MTC use-case. In such cases, the terminals (such as meters) are stationary and suitable to enable transmission in PURs especially in idle mode, so that they can stay in idle mode longer to save power. 
Proposal 1: The transmission in PURs in idle mode should be prioritized.

[bookmark: _Ref793626]Preconfigured resource allocation
Configuration parameters
To enable the transmission in PUR, the resource definition should include at least the following configurations:
· Resource allocation in frequency and time domain
· Repetition number and frequency hopping pattern
· MCS and/or TBS
· Periodicity of PUR.
· Power control parameters
Proposal 2: At least the following configurations should be considered for the transmission in preconfigured resources:
·  Resources allocation in frequency and time domain
· Repetition number and frequency hopping pattern
· MCS or TBS
· Periodicity of PUR.
· Power control parameters.
The repetition number and frequency hopping pattern are important parameters for eMTC UEs to achieve deep coverage and reliable transmissions, therefore the CE level and/or the channel quantity should be considered when selecting the repetition number and frequency hopping pattern.  
The periodicity of the transmission occasions is determined by both the traffic data properties (e.g., arrival rate and packet size) and the available resources for transmissions in PURs. Therefore the usage scenario should also be carefully studied.
Different types of PURs
In RAN1 #94b meeting, three types of PURs are defined [2]. For dedicated PURs, collisions can be avoided and the transmission robustness and reliability can be further improved. Moreover, dedicated resources allocation does not represent an additional burden for eNB in terms of complexity, besides having little impact to the specifications. For contention-free shared (CFS) PURs, although different UEs can be distinguished ahead of data transmission, e.g. by different DMRS, data collisions may also result in transmission failures due to the high interference between colliding UEs. For the contention-based shared (CBS) PURs, both DMRS and data may collide with each other, which increases the detecting complexity for eNB and the corresponding contention resolution should be studied.
Observation 1: The benefits that shared PUR can bring should be further evaluated.
Configuration signaling
For connected mode UEs, configurations of PURs can be done via UE specific RRC signaling or DCI. It has been agreed that UE-specific RRC signaling for PUR is supported [2]. Therefore, for idle mode UEs, it is straightforward for dedicated PURs to be configured by UE specific RRC, which can be obtained in connected mode. For CFS and CBS PURs, besides UE specific RRC, they can also be allocated by SIBs or predefined rules and the UE selects the PUR based on the predefined rules or based on the BS configurations. For shared resources allocation mechanism design, the less collisions the better. 
Once the PUR is allocated to UEs, the configurations will be used for a period of time. However, the channel varies all the time, so the configurations may be not suitable for the UE after a period of time. So reconfigurations mechanism should be considered for PUR. 
Proposal 3: Reconfigurations should be supported for PUR.
System synchronization
UL synchronization is required to avoid the inter-user interference. However, due to the UE movement and the infrequent UL transmission in the PURs, the timing-advance (TA) may not be valid for some UEs, which would result in severe interference to other UEs. Therefore, the mechanism to maintain a valid TA in both connected and idle mode should be studied.
Synchronization in connected mode
For connected mode UEs, the TA validity can be determined based on the TA timer and based on the UL transmissions. When the TA timer expires or the TA measurement based on the UL transmissions suggests that the TA is no longer valid, UEs can transmit the preamble to obtain a valid TA or can adjust the TA based on the TA command. Therefore, maintaining UL synchronization in connected mode is not an issue.
Synchronization in idle mode
It has been agreed in RAN1 #95 meeting that the following TA validation attributes are supported where the last two attributes can be configured to use.
· Serving cell changes (serving cell refers the cell that the UE is camping on)
· Time Alignment Timer for idle mode 
· Serving cell RSRP changes (serving cell refers the cell that the UE is camping on)
As shown in Table 1, the above attributes have different correlation level with the TA validation. Serving cell changing means that the distance between the UE and the eNB changes and new TA should be acquired. As to the timer and the serving cell RSRP changes, they can only reflect the TA changes to a certain extent and they both have uncertainty on TA validation.
[bookmark: _Ref535223611][bookmark: _Ref535223587]Table 1 Correlation between TA validation and different validation attributes
	Validation Attributes
	Serving cell changes
	Timer
	Serving cell RSRP changes

	Correlation
	High
	Medium
	Medium


In addition, when some TA validation attributes are configured, how to determine the TA to be valid or not is still open. For example, when any of the configured attributes suggests the TA is invalid or only when all the attributes suggests the TA is invalid?
Therefore, the TA validation should consider to make the best use of the different attributes based on their correlation level. The following principles should be considered for the TA validation. 
Principle:
· Classify the TA validation attributes into different groups based on the correlation level with TA validation.
· Once one of the validation attributes with high correlation reflects TA invalid, the old TA is determined to be invalid.
· Jointly use the medium correlation level attributes to improve the measurement accuracy. 
A straightforward example of jointly use the attributes with medium correlation level is that eNB can configure a number N and only when M attributes all suggest that the TA is invalid, the TA is determined to be invalid, where M≥N. When N is set 1, then any of the attributes verifies the TA to be invalid, the TA is determined to be invalid. The eNB can configure N based on the UE’s characteristics. For example, two attributes, which are RSRP changes and TA timer, are configured to verify the TA validation. For UEs with low speed, either RSRP change or TA timer alone cannot exactly verify the TA. If RSRP changes are large but the timer does not expire, the TA can be still valid because the RSRP changes due to the time-varying channel and the moving distance cannot be large with slow speed in a short period of time, i.e within the TA timer. When the RSRP changes are very small but the timer expires, the TA also can be still valid, because the RSRP changes are small so the moving distance is short. While if both TA timer and RSRP changes verify TA invalid, the TA will be invalid with higher possibility. Then N can be set 2.
Proposal 4: Define priority for the TA validation attributes and jointly use them to improve the validation accuracy.
New TA acquisition
When TA validation suggests that the TA is invalid, the UE may initiate the RACH procedure to establish the UL synchronization. If only TA is required to be updated, the UE does not need to complete the RACH procedure completely. Maybe the simplified two step RACH is enough to obtain TA and/or other configurations. So a compact RAR can be used to update TA while how to distinguish different UEs should be considered. For example, a dedicated preamble can be allocated to each of the UEs who have been configured with PUR(s).
Proposal 5: Legacy RACH procedure or simplified RACH can be initiated to update the TA value. 
Signal detection
The UEs may skip UL transmissions once PURs are available but the eNB doesn’t know whether there is any transmission on the PURs. As a result, the eNB has to detect UE activity and data blindly. So whether the DMRS for channel estimation can be used for blind detection needs to be studied. 
UE identity is widely used to generate UE specific DMRS and scrambling sequences. In connected mode, C-RNTI is used as the UE identity. In idle mode, a signature or the UE-ID should be defined for identifying different UEs and guaranteeing robust transmissions. 
Proposal 6: The blind detection of UE activity and data transmission for transmission in PURs should be studied.
Power control
Power control is essential for transmissions in PURs, because on one hand the transmission power should be large enough to guarantee the UL transmission reliability, and on the other hand, the transmission power should not be too high to avoid causing severe interference to other UEs. Both closed and open loop power control mechanism can be considered. But for idle mode, closed loop power control may be not available, since there’s no dynamic DCI for the UEs in idle mode. Therefore, open-loop power control with only DL measurement should be studied with higher priority. Alternatively, UE group power control DCI, like DCI format 3 or DCI format 3a, also can be considered for closed loop power control.
Proposal 7: The power control for the UL transmission in PURs should be considered especially for the UEs in idle mode.
HARQ feedback
HARQ for transmission in dedicated PURs in idle mode has been supported [2]. The transmissions in PURs strongly rely on the eNB’s blind detection of UL transmission. Without HARQ feedback, if the blind detection fails, the transmission data may be lost forever. Therefore, it is very essential to support HARQ feedback in order to improve the transmission reliability. HARQ feedback should also be supported for CFS and CBS PUR transmissions. 
Feedback content
For dedicated PUR in idle mode, an explicit ACK has been agreed to be reported by the eNB upon successfully decoding a PUR transmission. While the feedback content upon unsuccessful decoding a PUR transmission is still open. 
According to current spec, the idle mode UEs only need to monitor common search space for paging or MCCH. So in order to not increase the burden of the UE, the ACK and NACK are better to be transmitted via the current common search space, for example type 1 or type 2 search space. However, the UL grant schedules the retransmission of a specific UE, so the UL grant is more favorable to be transmitted on UE specific search space. In order to avoid the UE to monitor both the UE specific and common search space simultaneously, NACK should also be transmitted and only the UEs who receive NACK need to monitor the UE specific search space for retransmission grant. 
Proposal 8: Both NACK and UL Grant for retransmission should be sent by eNB upon unsuccessful decoding a PUR transmission.
Feedback channel
If the HARQ ACK/NACK is sent via PDSCH, the reliability can be guaranteed but it will increase the decoding burden of UE, since it has to monitor the MPDCCH and decode the scheduled PDSCH. In addition, it also increase the feedback delay. When the ACK/NACK is transmitted on MPDCCH, the decoding complexity can be reduced at the expense of reliability. In general, the motivation for introducing PUR is to save UE power, so it is preferred to use MPDCCH to transmit ACK/NACK.
Proposal 9: The ACK/NACK is sent on MPDCCH.
MPDCCH search space
For connected mode UEs, UE-group MPDCCH or UE specific MPDCCH can be used for HARQ feedback. Correspondingly, for idle mode UEs, common MPDCCH can be used for ACK/NACK feedback. As discussed in Section 2.5.1, the NACK and ACK can use type 1/2 MPDCCH common search space as the starting point. For UL grant for retransmission in idle mode, new UE specific MPDCCH search pace should be defined. 
Proposal 10: For the HARQ ACK/NACK feedback for PURs, type 1 and/or type 2 common search space can be reused as a starting point.
HARQ process
When HARQ feedback is enabled, HARQ process number should be carefully studied. The maximum number of UL HARQ processes in connected mode is shown in Table 2, which can be used as the starting point.
[bookmark: _Ref528605263]Table 2. Maximum number of UL HARQ processes per serving cell
	Maximum number
	TDD UL/DL configuration
	FDD

	
	0
	1
	2
	3
	4
	5
	6
	

	CEMode A
	7
	4
	2
	3
	2
	1
	6
	8

	CEMode B
	2
	2
	2
	2
	2
	2
	2
	2



Proposal 11: For transmission in PURs, the maximum number of UL HARQ processes defined in connected mode can be used as the starting point.
PUR activation and release mechanism
The transmissions in PURs strongly rely on the eNB’s blind detection of UL transmission. Compared to skipping UL transmission, no skipping UL transmission can reduce the decoding complexity for eNB. While, skipping UL transmission in PUR can reduce the UE power consumption. For power sensitive NB-IoT UEs, skipping UL transmission should be supported and the mechanism to disable skipping may be not needed. While MTC UEs are less sensitive to power compared to NB-IoT UEs. Meanwhile, considering the scheduling flexibility and the BS decoding burden, it is better to support mechanism to disable skipping by eNB. For example, the indication can be sent by SIB or can be configured UE-specifically. 
Proposal 12: Support mechanism to disable skipping by eNB.
In addition, the PUR activation and release mechanism should also be supported by both UE and eNB.
UE side
Once PURs are configured, they will be reserved for a period of time. If there is no transmissions in the PUR(s), it is better for the UEs to release the PUR(s) in order to improve the system spectrum efficiency. Either no transmission or transmitting all “0” for more than M continuous PUR can be used to indicate the PUR release. 
Release or activation mechanism from eNB side
When the network traffic load is too high, the eNB should be able to release PUR to coordinate the network resources utilization. When the network resources are underutilization, the eNB can activate more PUR transmissions to make full use of the network resources. The release or activation command can be transmitted via the same channel as HARQ feedback.
Proposal 13: Both the eNB and UE should support the release or activation of PUR.
[bookmark: _Ref891888]Fallback 
The following factors all can cause UL transmission failures.
· Improper TA value.
· Lower transmission power.
· Deep channel fading. 
· Possible collision.
When failure occurs for the transmission in PURs, the fallback is very important to save power, reduce packets loss and avoid interfering the other UEs due to UL asynchrony. Generally, the traffic package size for transmission in PURs is small, so it is better for the UEs to go to EDT when the transmission in PURs fails. However, EDT is also contention-based, if large number of UEs go to EDT, the transmission failure of EDT also raises. In the same way, if large number of UEs go to RACH, the RACH failure also increases. Therefore, eNB can indicates the UEs to fallback to RACH or EDT based on the UE activity in EDT and RACH. The fallback indication can be design together with the release mechanism. For example, the PUR release indication can also be used to indicate fallback.
Proposal 14: It is preferable for eNB to indicate the UEs to fallback to EDT or to RACH, in order to avoid increasing collisions of EDT or RACH.
Conclusions
In this contribution, the technical issues related to the transmission in PURs are discussed. We have the following observation and proposals:
Observation 1: The benefits that shared PUR can bring should be further evaluated.
Proposal 1: The transmission in PURs in idle mode should be prioritized.
Proposal 2: At least the following configurations should be considered for the transmission in preconfigured resources:
·  Resources allocation in frequency and time domain
· Repetition number and frequency hopping pattern
· MCS or TBS
· Periodicity of PUR.
· Power control parameters.
Proposal 3: Reconfigurations should be supported for PUR.
Proposal 4: Define priority for the TA validation attributes and jointly use them to improve the validation accuracy.
Proposal 5: Legacy RACH procedure or simplified RACH can be initiated to update the TA value. 
Proposal 6: The blind detection mechanisms of UE activity and data transmission for transmission in PURs should be studied.
Proposal 7: The power control mechanism for the UL transmission in PURs should be considered especially for the UEs in idle mode.
Proposal 8: Both NACK and UL Grant for retransmission should be sent by eNB upon unsuccessful decoding a PUR transmission.
Proposal 9: The ACK/NACK is preferred to be sent on MPDCCH.
Proposal 10: For the HARQ ACK/NACK feedback for PURs, type 1 and/or type 2 common search space can be reused as a starting point.
Proposal 11: For transmission in PURs, the maximum number of UL HARQ processes defined in connected mode can be used as the starting point.
Proposal 12: Support mechanism to disable skipping by eNB.
Proposal 13: Both the eNB and UE should support mechanism to release or active PUR.
Proposal 14: It is preferable for eNB to indicate the UEs to fallback to EDT or to RACH, in order to avoid increasing collisions of EDT or RACH.
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