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1. Introduction
The WID for Rel-16 MTC enhancements for LTE [1] has the following objective:

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

Agreements made for this objective in RAN1 and RAN2 up to and including RAN1#97, can be found in references [2] and [3].

From RAN1#98 we have the additional agreements:

Agreement

The following WA is confirmed:

In idle mode, updating PUR configurations and/or PUR parameters via L1 signalling after a PUR transmission is supported

· FFS: Which PUR configurations and PUR parameters will be signaled via L1

· FFS: Definition of PUR configurations and PUR parameters

Agreement

The following WA is confirmed:

For dedicated PUR

· During the PUR search space monitoring, the UE monitors for DCI scrambled with a RNTI assuming that the RNTI is not shared with any other UE

· Note: It is up to RAN2 to decide how the RNTI is signaled to UE or derived

· FFS if the UE monitors any additional RNTI which may be shared with other UEs.

· Note: The same RNTI may be used over non-overlapping time and/or frequency resources

Agreement

In idle mode, the PUR search space PRB pairs is configured between {2, 2+4, 4} PRBs and this configuration is in the PUR configuration.

Agreement

The PUR (re)configuration explicitly signals the CE mode which can only be changed via RRC signalling (i.e. not via L1 messages).

Agreement

For dedicated PUR in idle mode, the PUR MPDCCH candidates are derived using legacy USS rules where rmax= rmax-mPDCCH-PUR
· FFS: Initialization of Yp,k
Agreement

For dedicated PUR in idle mode and for HD-FDD UEs, the start of the PUR SS Window is 4 subframes after the end of the PUR transmission.

For dedicated PUR in idle mode and for FD-FDD/TDD UEs, the start of the PUR SS Window is 4 subframes after the end of the PUR transmission. 

· FFS whether/when the UE is monitoring for early termination during the PUR transmission 

Agreement

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

· FFS: Details on time period

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 

· PUSCH repetition adjustment

· Indication of PUR SS monitoring termination

· Flag to indicate L1 ACK

· None of the above (i.e. the legacy L1 ACK will be reused)

Note: No new indications will be considered.

Agreement

· For PUR transmissions in a PUR allocation, the TX power is at least based on the estimated path loss and the configured Target UL Power Level (P_0).

· FFS:  if other power control parameters beyond Target UL Power Level (P_0) are needed (e.g. ramping step)

· For PUR HARQ re-transmissions in CE mode A, the TPC field in the UL grant is used to adjust the TX power

· FFS for CE mode B

· FFS whether to reset the TPC accumulation mechanism for every initial PUR transmission

· FFS:  if other power control parameters beyond Target UL Power Level (P_0) are needed (e.g. ramping step)

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

After data transmission on PUR, the UE may expect an explicit indication on MPDCCH for fallback to EDT or RACH

Working assumption 

For eMTC full PRB allocation, for PUR with R>= [64 or 128] repetitions:

· Allow for UE-specific cyclic shift ([2 or 4 or 8] cyclic shifts) for DMRS.

· The number of PRBs that can be allocated to a UE are the same as in legacy (e.g., max 2PRBs can be allocated to a UE in CE Mode B)

· For PUSCH 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. 

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.

In this contribution we further discuss the support for UL transmissions using preconfigured resources.
2. Discussion
Power Control

From the RAN1#98 meeting agreement below, there are several open issues relating to power control support for PUR.  In this sub-section we share our views on the design of power control for PUR.

Agreement

· For PUR transmissions in a PUR allocation, the TX power is at least based on the estimated path loss and the configured Target UL Power Level (P_0).

· FFS:  if other power control parameters beyond Target UL Power Level (P_0) are needed (e.g. ramping step)

· For PUR HARQ re-transmissions in CE mode A, the TPC field in the UL grant is used to adjust the TX power

· FFS for CE mode B

· FFS whether to reset the TPC accumulation mechanism for every initial PUR transmission

· FFS:  if other power control parameters beyond Target UL Power Level (P_0) are needed (e.g. ramping step)

For HARQ retransmissions in CE Mode A, given the RACH like nature of the PUR transmissions and the potential lack of correlation between the DL (used to estimate the path loss) and the UL (which can suffer uncorrelated interference), we consider that the TPC command should be used and per the existing definition, support a ramping step.

Proposal 1:
    PUR HARQ retransmissions in CE Mode A support TPC control with a ramping step.
Given that the period between successive “initial” PUR transmissions can be very long, we believe that the TPC command should be reset for every initial PUR transmission.  
Proposal 2:
    TPC accumulation is always reset for PUR initial transmissions. 
For CE Mode B, we believe PUR transmissions should follow the existing MTC power control principals and be transmitted at maximum power always.
Proposal 3:
    PUR HARQ retransmissions in CE Mode B are transmitted at maximum power.
Search Space Design

The agreement below from the RAN1#98 meeting, indicates there is an open issue regarding how the Yp,k is initialised.  
Agreement

For dedicated PUR in idle mode, the PUR MPDCCH candidates are derived using legacy USS rules where rmax= rmax-mPDCCH-PUR
· FFS: Initialization of Yp,k
The Yp,k quantity helps define the CCE indices that the UE should monitor within a search space for a MPDCCH candidates.  Currently the definition of Yp,k depends on the search space type.  For maximum flexibility (# and AL of candidates) and maximum specification reuse, we believe that Yp,k should follow the existing definition applied for UE Specific Search spaces as outlined in section 9.1.4 of TS36.213.  Note that this USS definition for Yp,k, requires a UE specific RNTI. 
Proposal 4:
For D-PUR in idle mode, the PUR MPDCCH candidates are derived using legacy USS rules for Yp,k
Handling of Reconfiguration and DL Data 

Another open issue from the RAN1#98 meeting, is should the PUR ACK DCI include some indication to the UE to continue monitoring the PUR search space.
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)

We support using the L1 ACK DCI to indicate to UE whether to continue, or cease, monitoring the PUR search space, for the following reasons:

· To receive a higher layer response to UL data that the UE delivered using the PUR transmission.

· To support PUR reconfiguration based on the accumulated experience of the eNB of the complete PUR transmission L1 ACK process including potential HARQ retransmissions. 
To account for the time, it may take higher layers to respond and to give the eNB some scheduling flexibility to handle ongoing traffic, we support a configurable scheduling delay.
Proposal 5:
 The D-PUR L1 ACK supports an “Indicator to terminate of SS monitoring ” with a configurable “scheduling delay”.

FFS:  If the scheduling delay is signalled within the DCI or preconfigured.
Given our interpretation of the RAN2 agreements below, if RAN1 does agree to the support the above proposal, RAN1 should seek clarification from RAN2 as to whether their agreements below, still hold true or need to be revised.  

RAN2#106 agreement:
· RAN2 assumes the L1 signalling for acknowledgement is sent only after the eNB determines there is no pending downlink data or signalling.

RAN2#107 agreement:
· RAN2 confirm the intention of the previous agreement as follows: 

· If RRC response message is not needed, eNB may send L1 ACK to acknowledge the PUR transmission in UL. The L1 ACK concludes the PUR procedure and UE moves to Idle.

Proposal 6:
 RAN1 kindly requests RAN2 to review if support of a L1 “Indicator to terminate of SS   monitoring”  is acceptable. 
ACK DCI Design

In this sub-section we discuss the format of the DCI used for the L1 ACK, given RAN1#98 agreement below.
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 

· PUSCH repetition adjustment

· Indication of PUR SS monitoring termination

· Flag to indicate L1 ACK

· None of the above (i.e. the legacy L1 ACK will be reused)

Note: No new indications will be considered.
Before discussing the specific DCI fields to support PUR L1 ACK and NACK, we first need to define the functions that these PUR DCIs need to support.  

Given previous agreements, we can say that the PUR DCI should at least support:

· An explicit ACK in response to the successful decoding of a PUR transmission by the eNB
· An UL GRANT for retransmission on the MPDCCH

Note we do not see the need for an additional explicit NACK (RAN1#95 FFS), for the following reasons:

· It assumes a highly unlikely scenario where the Network can receive just enough energy from the PUR transmission to confirm the UE’s transmission attempt but not be able to decode the data part or support retransmissions.

Therefore, given the previous agreement that the same sized PUR DCI(s) must support explicit ACK and NACK with uplink grant for retransmissions.    Our first observation is:

Observation 1:
The same DCI format is used for the NACK with UL Grant for retransmission and ACK for dedicated PUR.

To minimise UE development costs and to retain the full flexibility of the existing UL and DL DCI grants, it is recommended that the PUR DCIs be based on those already defined to support PUSCH in CE Modes A and B, i.e. DCI formats 6-0A and 6-0B respectively.

 
Proposal 7:
The PUR ACK and NACK DCIs for CE Mode A and B are based on existing DCI formats 6-0A and 6-0B respectively.

The NDI field of the UL format DCIs (mode A or mode B) can be used to differentiate the DCI from being an ACK from a NACK with retransmission grant or using the language of the RAN1#98 agreement, the NDI field is used as a “Flag to indicate L1 ACK”.
Proposal 8:
The D-PUR L1 ACK supports a “Flag to indicate L1 ACK”. 

We support the eNB being able to adjust next initial D-PUR “PUSCH repetition” using the D-PUR L1 ACK.  This could be achieved by re-using “Repetition number” field.  Note that for CE level changes, the network can do a RRC reconfiguration of the D-PUR settings.
Proposal 9:
The D-PUR L1 ACK supports “PUSCH repetition adjustment”. 
2/3 bits (mode A/B)
For the D-PUR L1-ACK in CE Mode A, we support a UE TX power adjustment option.     
Proposal 10:
The D-PUR L1 ACK supports “UE TX power adjustment” for Mode A. 
     2 bits 
Currently the TA is sent using 6 bits in the MAC header for the RAR (an additional 2 bits is available to differentiate primary and secondary carriers in later releases).  Since the DCI format being proposed here for ACK and NACK is based on the format 6-0A/B, there is no TA field in the current MAC header for these DCIs.  To avoid having to potentially redesign the MAC header for these DCIs, it is proposed that bits for TA adjustment are included within DCI fields that are no longer relevant for PUR ACK and NACK.

For the ACK in both CE Mode A and CE Mode B, there should be enough bits available in DCI formats 6-0A and 6-0B for the full range TA value to be supported.

Proposal 11:

  The D-PUR L1 ACK supports a full range timing advance adjustment value.  6 bits
The proposal below, summarises the fields that we currently consider the D-PUR L1-ACK should support:
Proposal 12:
   The D-PUR L1 ACK for CE Mode A supports the following fields:
· Timing advance adjustment (including TA adjustment of 0)

6 bits
· Flag to indicate L1 ACK





1 bit
· PUSCH repetition adjustment





2 bits

· UE TX power adjustment 





2 bits

· Indication of PUR SS monitoring termination



1 bit
Proposal 13:
   The D-PUR L1 ACK for CE Mode B supports the following fields:

· Timing advance adjustment (including TA adjustment of 0)

6 bits

· Flag to indicate L1 ACK





1 bit

· PUSCH repetition adjustment





3 bits

· Indication of PUR SS monitoring termination



1 bit
CFS PUR
We support the confirmation of the Working Assumption from RAN1#98, that effectively introduces CFS PUR for his release.  Of the two starting repetition values  for this functionality, we prefer the lower value of 64.

Proposal 14:
The RAN1#98 working assumption for the introduction of CFS PUR is agreed with the lower repetition level of 64.
3. Conclusion

In this contribution we have further discussed the support for UL transmissions using preconfigured resources and have the following proposals and observation.

Proposal 1:
    PUR HARQ retransmissions in CE Mode A support TPC control with a ramping step.
Proposal 2:
    TPC accumulation is always reset for PUR initial transmissions. 

Proposal 3:
    PUR HARQ retransmissions in CE Mode B are transmitted at maximum power.
Proposal 4:
For D-PUR in idle mode, the PUR MPDCCH candidates are derived using legacy USS rules for Yp,k
Proposal 5:
The D-PUR L1 ACK supports an “Indicator to terminate of SS monitoring ” with a configurable “scheduling delay”.

FFS:  If the scheduling delay is signalled within the DCI or preconfigured.
Proposal 6:
RAN1 kindly requests RAN2 to review if support of a L1 “Indicator to terminate of SS   monitoring”  is acceptable. 
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Proposal 12:
   The D-PUR L1 ACK for CE Mode A supports the following fields:

· Timing advance adjustment (including TA adjustment of 0)

6 bits

· Flag to indicate L1 ACK





1 bit

· PUSCH repetition adjustment





2 bits

· UE TX power adjustment 





2 bits

· Indication of PUR SS monitoring termination



1 bit
Proposal 13:
   The D-PUR L1 ACK for CE Mode B supports the following fields:

· Timing advance adjustment (including TA adjustment of 0)

6 bits

· Flag to indicate L1 ACK





1 bit

· PUSCH repetition adjustment
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Proposal 14:
The RAN1#98 working assumption for the introduction of CFS PUR is agreed with the lower repetition level of 64.
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