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1. Introduction
The WIDs for Rel-16 enhancements for LTE MTC [1] and NB-IOT [2] both share the objective below and have been developed where possible to share the same agreements:

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
Previous agreements from both RAN1 and RAN2 for this objective made up to and including RAN1#98 and RAN2#107 can be found in [3], [4] and [5].

From the RAN1#98-bis meeting the RAN1 MTC and NB-IoT PUR related agreements are copied below:

From the MTC discussions we have:
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.

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
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 PUR HARQ re-transmissions in CE Mode B, the UE shall follow legacy connected mode power control procedures (i.e. the UE uses maximum TX power)

Agreement
For PUR power control in CE mode A, the TPC accumulation mechanism is reset for every PUR transmission

Agreement
Initialization of Yp,k is calculated using legacy MPDCCH UE-specific search space rules where the RNTI is the assigned PUR RNTI.

Agreement
For dedicated PUR in idle mode, the PUR configuration includes the following 

· MPDCCH frequency hopping configuration 

· PDSCH frequency hopping configuration 

· FFS: PUSCH for PUR retransmission follows same configuration as initial PUR transmission

Agreement
The PUR configuration includes the PUCCH configuration

· Details of configuration can be decided by RAN2
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Agreements
The PUR L1 ACK DCI in CE Mode A and B should at least contain the following fields:

· PUSCH repetition adjustment

· FFS: details on adjustment
From the NB-IoT discussions we have:

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 document, we review the remaining issues and provide our proposals for moving forward.  Note, we are assuming that additional Note 3 to the working assumption about CFS PUR above, is also applicable to the MTC version of this working assumption.
2. Discussion
PUR L1-ACK DCI Fallback

For both NB-IoT and MTC, there is an open issue regarding how to signal the L1-ACK DCI fallback option. 
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 our view, this option effectively makes this version of the DCI an explicit NACK. Currently the FFSs give us 2 choices for signalling variants of the L1-ACK.  Of these choices we prefer to use joint decoding assuming RAN2 confirm that the option to continue monitoring the PUR search space is feasible and worthwhile.
	Joint encoding
	PUR Transmission is received
	“ACK” Function

	00
	Unsuccessfully
	Retransmit using UL Grant

	01
	Unsuccessfully
	Fallback using EDT/RACH (explicit NACK)

	10
	Successfully
	Continue monitoring PUR SS

	11
	Successfully
	Stop monitoring PUR SS


Since the above ACK functions are in our view, mutually exclusive, we prefer joint decoding to save bits and avoid combinations of invalid/undefined next steps, e.g. Fallback to EDT/RACH even though PUR transmission was successful. 
Proposal 1:
Joint decoding is used to encode the following functions of the PUR L1-ACK:
· Retransmit using UL Grant

· Fallback using EDT/RACH (explicit NACK)

· Continue monitoring PUR SS

· Stop monitoring PUR SS
PUR L1-ACK DCI PUSCH Adjustment Field

For MTC PUR, there is an agreement to support a PUSCH repetition adjustment field.
Agreements
The PUR L1 ACK DCI in CE Mode A and B should at least contain the following fields:

· PUSCH repetition adjustment

· FFS: details on adjustment
Given that for MTC, the DCIs for CE Mode A and B will use DCI formats 6-0A and 6-0B as baselines, we prefer that the PUSCH repetition field follow the existing definitions given in tables 8.2b and 8.2c of TS36.213.
Proposal 2:   
The PUR L1-ACK PUSCH repetition adjustment filed follows the existing methods defined for DCI formats 6-0A (2 bits) and 6-0B (3 bits).
Note that given the potentially long duration between PUR transmissions, the potential change in repetition may exceed the subset of repetitions that the UE can choose from.  In these scenarios, we expect more than just the repetition level will need to change for optimum PUR performance to be achieved, e.g. the operating CE Mode, hence we see no benefit in extending the PUSCH repetition adjustment range specifically for PUR.  Instead for these scenarios, we support the use of higher layer reconfiguration to update the PUR configuration to one optimised to the new conditions.
Observation 1:
Higher layer reconfiguration of the PUR settings can be used to reconfigure the PUR in scenarios where the L1 ACK DCI is insufficient.

TA Adjustment Range

From RAN1#98-bis there is an open issue regarding the number of bits used to signal the TA in the L1 ACK.
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.
Given that this PUR L1-ACK could be being used for as many as 4 different purposes (see below), and that for each purpose some form of TA is desirable, then there is an issue as to whether a common range of TA adjustment is supported for all “ACK” functions.   
	PUR Transmission is received
	“ACK” Function

	Unsuccessfully
	Retransmit using UL Grant

	Unsuccessfully
	Fallback using EDT/RACH (explicit NACK)

	Successfully
	Continue monitoring PUR SS

	Successfully
	Stop monitoring PUR SS


Proposal 3:
All variants of the PUR L1-ACK DCI should support a TA field.

At least for the successful PUR transmissions, there will be enough unused bits that could be reassigned support a full range TA, i.e. 6 bits,  however for the Unsuccessful PUR transmission with UL Grant, there are not enough unused bits available to be used to support a full range TA.  In addition, if the PUR transmission has been successful, a full range TA is not expected to be necessary.   Therefore, we support a limited range TA field, of 3 bits, shared by all variants of the PUR L1 DCI.   
Proposal 4:   
The TA adjustment field for all variants of the PUR L1 ACK, uses 3 bits.

PUSCH Retransmissions
At the RAN1#98-bis meeting the agreement below was made that include a FFS regarding the configuration of the PUR retransmission:
Agreement
For dedicated PUR in idle mode, the PUR configuration includes the following 

· MPDCCH frequency hopping configuration 

· PDSCH frequency hopping configuration 

· FFS: PUSCH for PUR retransmission follows same configuration as initial PUR transmission

In our view, since the retransmissions are being supported by an UL grant DCI, the network should have the flexibility to use all the existing UL grant DCI fields to reconfigure aspects of the retransmission, such as narrowband, MCS and repetition number.  Other aspects of the retransmission should be shared with the PUR transmission, such as CE mode and search space.
Proposal 5:   
The eNB can use the PUR Retransmission DCI UL Grant fields fully (e.g. repetition number, MCS, resource block assignment) to optimise retransmissions to the UE. 
· Other retransmission characteristics, such as search space and CE Mode, follow the same configuration used for the initial PU transmission.

CFS PUR

At the last RAN1 meeting, the working assumption regarding the potential support of CFS PUR was not agreed.  Instead, it was modified and left as a working assumption pending further discussions regarding the issue of how to support the ACK/NACKs for multiple UEs sharing the same PUR resources and search space and additional scrambling. 
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 our view, supporting multiple ACK/NACK responses to multiple UEs that transmitted simultaneously and which are sharing the same PUR physical search space, can be achieved in at least three ways:
Option 1:
Using L1 ACK DCIs scrambled by UE specific RNTIs
Option 2:
Extending the search space and time multiplexing L1 ACK DCIs to different UEs

Option 3:
Using a common DCI to direct UEs to a PDSCH containing a bundled ACK/NACK response.

· This would require RAN2 specification

Of the options above, Option 2 is simple and could be implemented with minimal impact to the specifications.  In conclusion, we do not see the support of ACK to multiple UEs using this CFS style configuration of PUR as being an issue and hence we support the working assumption being agreed.

Proposal 6:   
The working assumption for CFS PUR is agreed.

3. Conclusion

In this document, we have reviewed the remaining P|UR related issues and have the following proposals and observations:
Observation 1:
Higher layer reconfiguration of the PUR settings can be used to reconfigure the PUR in scenarios where the L1 ACK DCI is insufficient.
Proposal 1:
Joint decoding is used to encode the following functions of the PUR L1-ACK:

· Retransmit using UL Grant

· Fallback using EDT/RACH (explicit NACK)

· Continue monitoring PUR SS

· Stop monitoring PUR SS
Proposal 2:   
The PUR L1-ACK PUSCH repetition adjustment filed follows the existing methods defined for DCI formats 6-0A (2 bits) and 6-0B (3 bits).
Proposal 3:
All variants of the PUR L1-ACK DCI should support a TA field.

Proposal 4:   
The TA adjustment field for all variants of the PUR L1 ACK, uses 3 bits.

Proposal 5:   
The eNB can use the PUR Retransmission DCI UL Grant fields fully (e.g. repetition number, MCS, resource block assignment) to optimise retransmissions to the UE. 

· Other retransmission characteristics, such as search space and CE Mode, follow 

Proposal 6:   
The working assumption for CFS PUR is agreed.
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