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Introduction
The following tdoc provides a summary of the open issues and proposals based submitted tdoc’s to the “Support for transmission in preconfigured UL resources” agenda item for RAN1#94. The following is the WID objective:
[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 

The following Pre-configure resource (PUR) agreements were made in RAN1 #94:
Idle mode based pre-configured UL resources is supported for UEs in possession of a valid TA
· FFS: Validation mechanism for TA
· FFS: How the pre-configured UL resources is acquired

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

Study both shared and dedicated resource for preconfigured UL resources. If both shared and dedicated resources are supported, strive for commonality in design of both resource types.

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

Dedicated and/or Shared Resources
The WID indicates “Both shared resources and dedicated resources can be discussed” so RAN1 must decide if shared and/or dedicated resources are supported.
NOTE: 
NOTE: Dedicated is contention-free thus may include shared time/freq resources but with unique DMRS so that there is no contention (i.e. Dedicated DMRS and shared time/frequency resources)
Shared is contention-based where collisions can occur thus contention resolution is required

Dedicated (or contention-free) PUR Considerations:
Best suited for applications that have periodic transmissions of the same size
Best for UE power consumption – exact TBS (no padding), no collisions, minimal signaling
No need for eNB blind decoding
Best for capacity – no collisions
No need for contention resolution

Shared (or contention-based) PUR Considerations:
Best for applications that have a-periodic and non-deterministic data transmissions with different data packet sizes
Shared resources are difficult to scale – under-allocated resources will result in frequent collisions where over allocated will result in a loss of spectral efficiency.  
The periodicity of the shared resources may also be long such that a UE will have to wait a long time before transmitting which will increase message latency and increase UE power consumption 
Collisions will cause UE power consumption and spectral efficiency degradation
eNB requires blind decoding of TBS sizes and repeats which will increase eNB complexity 
The limited TBS options will require UE to pad data which will cause UE power consumption degradation
Contention resolution mechanism required
Combining HARQ re-transmission may not be possible 

There is reasonably wide support for both thus the following two proposal are made:
Proposal #1: 	For idle mode PUR, dedicated (or contention-free) pre-configured UL resources is supported
Supported by: Orange, NTT Docomo, Sierra Wireless, Qualcomm, Samsung, LGE, ZTE, Intel, Nokia, NSB

Proposal #2: 	For idle mode PUR, shared (or contention-based) pre-configured UL resources is supported
Supported by: Orange, NTT Docomo, Sierra Wireless, Qualcomm, Intel, Nokia, NSB

Timing Advance Validation Mechanism
The WID states “…for UEs with a valid timing advance”.   This section contains issues related to TA. 

This section looks at the highlighted FFS: Validation mechanism for TA within the agreement made in Ran1 #94:
Idle mode based pre-configured UL resources is supported for UEs in possession of a valid TA
· FFS: Validation mechanism for TA
· FFS: How the pre-configured UL resources is acquired

For idle mode, the following methods to valid TA were mentioned in the tdocs: 
Serving cell change (mobility event) – Sierra, Ericsson, Huawei, HiSilicon
TA always valid within Cell Radius – Sierra, Sony
Serving cell RSRP change– Sierra, Ericsson, Huawei, HiSilicon
Neighbour cell RSRP change – Sierra, Ericsson, Huawei, HiSilicon
Time Alignment Timer for idle mode – Sierra, NTT Docomo, Huawei, HiSilicon, Nokia, NSB, LGE, Intel, Ericsson
TDOA of >=2 eNBs – Ericsson
TA-History – Ericsson, 
Subscription Based UE differentiation – Ericsson, Sony
Dedicated PRACH and RAR (UL EDT like) – but this is more of an TA update mechanism so is handled in that section. 

For connected mode, the following methods to valid TA were mentioned in the tdocs: 
Time out –NTT Docomo, Huawei, HiSilicon, 

The following view was support by most of the tdocs:
Proposal #1: 	In idle mode for shared and dedicated PUR, the UE will at least consider the following attributes when evaluating TA:
Serving cell changes
Time Alignment Timer for idle mode 
Serving cell RSRP changes 
FFS Other attributes: 
Neighbour cell RSRP change
TDOA of >=2 eNBs 
TA History
TA always valid within Cell Radius 
Subscription based UE differentiation 
Others not precluded

Dedicated PUR Configuration
Issue: How PUR are configured has not yet been agreed. For dedicated PUR in idle mode, many tdocs suggested the PUR configuration should be done in connected mode via UE specific RRC signalling
Proposal #1:	For dedicated PUR in idle mode, the initial configuration of the pre-configured UL resources are signaled to the UE via UE-specific RRC signaling.
Supported by:  Ericsson, Qualcomm, Sierra Wireless, Huawei, HiSilicon, Samsung, LGE, Nokia, NSB

Issue: What should be configured for dedicated PUR has not yet been agreed. Most tdocs focused on dedicated PUR in idle mode with the following general view: 
Proposal #2: 	For dedicated PUR in idle mode, the PUR allocation contains at least; 
the TBS, 
the time/frequency resources, 
the number of repetitions, 
the MSC format,
a frequency hopping indication, and
power control parameters
FFS if it also contains:
A DMRS assignment
A pre-configured RNTI
UE specific TA validity period update

For dedicated PUR, the allocated resources should be based on a UE’s request. 
Proposal #3: 	For dedicated PUR in idle mode, the PUR allocation is based on a UE’s request which at least contains: the requested TBS and requested period
FFS if it also contains:
Time offset for the period

Shared PUR Configuration
Issue: How PUR is configured for shared PUR has not yet been agreed. 
For shared PUR in idle mode, only a couple of tdocs discussed this so it is probably too early to make a decision this meeting.  

Option #1: 	The initial configuration of shared pre-configured UL resources are signaled to the UE via broadcasted RRC signalling.
	FFS: additional configuration via UE-specific RRC signaling is not precluded
Supported by:  Qualcomm, Sierra Wireless, Nokia, NSB

Proposal:	Wait until next meeting for more input 

HARQ
Issue:  PUR in idle mode has been agreed by whether HARQ is support is still FFS. 

For dedicated PUR, there was some convergence, so the following proposals are made. 

Proposal #1: 	For dedicated PUR in idle mode, HARQ feedback is supported
FFS: whether HARQ feedback is both ACK and NACK 
Supported by: Samsung, Nokia, NSB, Sierra Wireless, ZTE, Intel

Proposal #2: 	For dedicated PUR in idle mode, the DCI for HARQ is sent using a pre-configured RNTI
FFS: how the pre-configured RNTI is configured
Supported by: Samsung, Sierra Wireless, Nokia, NSB


Update Timing Advance
Issue: If a time base validity mechanism is agreed, an efficient mechanism to update TA is needed. 

Proposal:	After a PUR transmission, an updated TA is sent 
FFS: if updated TA is included in DCI (ACK or NACK) or RLC ACK. 
Supported by: ZTE, Sierra Wireless,

New Timing Advance
Issue: if the UE determines its current TA is invalid, what mechanism shall it use to obtain a valid TA has not been agreed.  Two proposals were discussed in the tdocs.  Both could be specified. 

Legacy RACH/EDT update:
When the TA is invalid, the UE falls back and uses the legacy RACH/EDT procedure which provides an updated TA. The advantage of this approach is that no new specification changes and implementation is required. 
Proposal #1:	For PUR in idle mode, If the EU determines it’s TA is invalid; the UE will use legacy RA procedures or UL EDT to send the data and obtain a new valid TA. 
Supported by: NTT Docom, Huawei, HiSilicon, Sierra Wireless, LGE


New RACH based TA Procedure RACH based update: 
A non-continuous (i.e. UE-specific) PRACH resource is assigned to each UE. Before the scheduled PUR, if the UE determines its TA is invalid, the UE transmits the PRACH and receive an updated TA in an optimized RAR. The advantage of this approach is that the data can still be sent on the PUR. The disadvantage is that there is a fair bit of specification work required. It is also unclear how a unique PRACHs can be assigned to every UE. 
Proposal #2:	The UE is assigned a non-contentious PRACH resource. For PUR in idle mode, If the EU determines it’s TA is invalid; the UE send the PRACH and receive and updated TA in the RAR
FFS: PRACH resources assignment
FFS: RNTI is used to schedule RAR
FFS: HARQ for RAR
Supported by: Sony, Samsung, Nokia, NSB, ZTE

Proposal:	More discussion is needed whether both mechanisms are needed.

Connected mode support
The WID indicates “idle and/or connected mode”. RAN1 already has an agreement that idle mode supported 
Idle mode based pre-configured UL resources is supported for UEs in possession of a valid TA

RAN1 must now decide if connected mode is supported. LTE-M already supports SPS in connected CE mode A. Possible enhancements to connect mode could include:
CE Mode B support
NR type SPS 

The following options were presented in the tdocs:
Option 1: Connected mode based pre-configured UL resources is supported
Supported by: Intel
Option #2: Connected mode based pre-configured UL resources is NOT supported
Supported by: Samsung

Proposal: 	More discussion needed.

Dedicated PUR Mandatory or Optional Transmission
Issue:  For legacy Connected Mode SPS, even if the UE doesn’t have any data to send, the UE must still transmit a zero padded packet at every PUR. For IoT applications, which are battery power constrained, this is not ideal. But if a UE is NOT mandated to transmit on every PUR, the UE may request more resources than it really needs (i.e. a UE requests a PUR for every 10 seconds but only transmits every 1 hour). This would be very spectrally inefficient.  

[bookmark: _Hlk525890661]
Proposal:	For dedicated PUR in idle mode, the UE is can skip PUR transmissions. 
Supported by:  LGE, Sierra Wireless, Nokia, NSB


Proposal:	Skipping UL transmission on preconfigured UL resource in idle mode is enabled or disabled by eNB configuration.
Supported by:  LGE


Charging Issue: should the UE be charge if it skips an UL PUR TX? Should the UE be charge if it sends a zero padded packet?
Proposal:	Send LS to RAN3 to specify PUR charging 

Clean up Issue: A clean-up mechanism to deallocate stale PUR allocation is needed. This is needed because a UE that goes out of coverage, breaks, or lose power will not be able to release the allocation. 
Option:	For dedicated PUR in idle mode, send LS to RAN2 to specify a PUR clean-up mechanism 
Supported by:  Sierra Wireless,

Proposal:	More discussion needed

Fallback to legacy RACH/EDT procedures 
Issue: When does the UE fallback to legacy RACH procedures? The following events may cause the UE to fallback to legacy RA procedures:
· Invalid TA
· No eNB response to PUR transmission
· >X HARQ retransmission failures
· Directly signaled by Network 
Update Mechanisms
Issue:  Some companies have indicated that new mechanisms should be considered to update some of the PUR parameters especially for changing coverage and TA. Mechanisms to dynamically and efficiently update the following PUR parameters could be studied:
TA 
PA Power
Repetition
MCS
Time and frequency resource
Others not precluded.
[bookmark: _GoBack]Increasing Multiple Access
Issue:  For dedicated and shared resources, increase multiple access will improve capacity. At least, the following mechanisms to improve multiple access could be studied:
CDMA
MU-MIMO with UE specific DMRS patterns (also study increasing the number of available DMRS patterns)
Others not precluded.
Power Control
Issue: Closed loop power control may be not available, especially for the UEs with infrequent transmissions. At least, open-loop power control with only DL measurement should be studied with higher priority.

CE Mode B support
Issue: Will PUR transmission be supported in CE mode B? For a large CE level, the preconfigured transmission will need more repetitions and thus, more resources may be wasted if they are not used. 
Collision Avoidance
Issue: For shared resources, collision advoidance techniques can be studied e.g. broadcasting occupancy information. 
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