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1 Background
In Rel-15 MTC enhancement WID, to improve the UE’s power consumption, uplink HARQ-ACK feedback for early termination was specified [1]. However, early termination of PUSCH repetitions may not be supported if there has no available MPDCCH monitoring opportunities during PUSCH repetitions. Due to lack of time, the issue of no available MPDDCH monitoring opportunities was not handled in Rel-15 stage. 

Early termination of PUSCH transmission is supported by MPDCCH for UL grant for scheduling new UL data or MPDCCH for explicit HARQ-ACK feedback. The interval between two existing MPDCCH monitoring opportunities is semi-static configured by higher layer, which cannot perfectly match with all potential PUSCH repetitions. Currently, the period of MPDCCH UE-specific search space is equal to Rmax *G, where Rmax is from {1, 2, 4, 8, 16, 32, 64, 128, 256} and G is from {1, 1.5, 2, 2.5, 4, 5, 8, 10} for FDD and {1, 2, 4, 5, 8, 10, 20, reserved} for TDD. Among all the potential configured period of MPDCCH USS, the ratio of values larger than 128 is more than 30%. When large G is configured, the corresponding interval of monitoring opportunities would also be relatively large. In this case, the possibility of no available MPDCCH monitoring opportunity issue may be high. There may be no monitoring opportunity available for transmitting HARQ-ACK feedback during transmission period of PUSCH repetitions, thus early PUSCH termination cannot be applied. For example, as shown in Figure 1, the interval between two existing MPDCCH monitoring opportunities is 320 subframes and the number of PUSCH repetitions is 256. There is no MPDCCH monitoring opportunity available during 256 PUSCH repetitions. 
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Figure 1 Example of no MPDCCH monitoring opportunity available for HARQ-ACK feedback

Observation 1: When there is no MPDCCH monitoring opportunity available for transmitting HARQ-ACK feedback during transmission period of PUSCH repetitions, early PUSCH termination cannot be applied, which may lead to increase  of UE power consumption, reduction of UE data rate and UL resource utilization.
Observation 2: When large G is configured for MPDCCH, the corresponding interval of MPDCCH monitoring opportunities would also be relatively large and the possibility of no available MPDCCH monitoring opportunity issue may be high.

Observation3: If the number of PUSCH repetitions scheduled by MPDCCH is smaller than the period of MPDCCH UE-specific search space, there is no MPDCCH search space available for transmitting HARQ-ACK feedback during transmission period of PUSCH repetitions.
In this contribution, we discuss the solutions to resolve the special case of early termination of PUSCH transmission and the specification impact.

2 On issue of no available MPDCCH monitoring opportunities for early termination of PUSCH repetitions
To resolve the issue of no available MPDCCH monitoring opportunities for early termination of PUSCH repetitions, the following two options can be considered:

· Option 1: The MPDCCH search space with small interval is configured to provide more opportunities for HARQ-ACK feedback.

· Option 2: When there is no MPDCCH search space available for transmitting HARQ-ACK feedback during transmission of PUSCH repetitions, an additional one-shot UE-specific search space for HARQ-ACK feedback is introduced if early termination of PUSCH repetitions is enabled by higher layer. 
Considering the large value range of number of PUSCH repetitions (1~2048) and UE processing delay, Option 2 can save the UE’s power consumption only when the assigned number of PUSCH repetitions is large enough. To guarantee the benefit of Option 2, a threshold of number of PUSCH repetitions NT is configured for option 2. When the assigned number of PUSCH repetitions N is larger than threshold value NT, an additional one-shot MPDCCH UE-specific search space for HARQ-ACK feedback is introduced. 
In this case, the UE will blindly detect HARQ-ACK feedback in this one-shot UE-specific MPDCCH search space. Here, the time domain location of the one-shot UE-specific MPDCCH search space can be configured by higher layer. As shown in Figure 2, this search space is located in the 
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 subframe after the starting of PUSCH repetitions. Soffset is higher layer parameter used to determine the starting location of the one-shot MPDCCH search space. For example, Soffset can be configured from the value set {1/4, 1/2, 5/8, 3/4}. The one-shot MPDCCH UE-specific search space gives additional opportunity for UL HARQ-ACK feedback monitoring and reuses parameters of MPDCCH UE-specific search space. The parameters of mpdcch-pdsch-HoppingConfig, mPDCCH-NumRepetition, mpdcch-Narrowband of additional UE-specific search space are the same as those of existing configured MPDCCH UE-specific search space.
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Figure 2 Example of one-shot search space for reception of HARQ-ACK feedback

For Option 1, in order to accommodate majority of number of PUSCH repetitions, the interval of MPDCCH search space needs to be configured to be small enough. In this case, frequently monitoring of MPDCCH search space would increase UE’s power consumption. By using Option 2, unnecessary UE’s power consumption can be avoided.

Proposal 1: During transmission period of PUSCH repetitions, if the assigned number of PUSCH repetitions N is larger than repetition threshold NT and less than the period of MPDCCH UE-specific search space, a one-shot MPDCCH UE-specific search space for HARQ-ACK feedback monitoring is introduced.

· If the starting subframe for PUSCH repetitions is S0, the starting subframe of the one-short MPDCCH UE-specific search space for HARQ-ACK feedback monitoring is S0 + 
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, where Soffset is configured by higher layer to determine the starting location of the one-shot MPDCCH search space related to the starting subframe of PUSCH transmission.

To support Option 2, new UE capability and RRC configurations need to be introduced. The only impact to other working groups would be to RAN2
Proposal 2: Introduce new RRC parameters for supporting one-shot MPDCCH UE-specific search space for HARQ-ACK feedback monitoring:

· UE capability mpdcch-oneshot-UL-HARQ-ACK-Feedback

· RRC configuration mpdcch-oneshot-UL-HARQ-ACK-FeedbackConfig: including Soffset and NT, where Soffset is from value set {1/4, 1/3, 5/8, 3/4} which is used to determine the starting location of the on-shot MPDCCH search space and NT is the threshold of number of PUSCH repetitions from the value set {16, 32, 64, 128 } 
In section 3, the text proposals for TS36.213 are provided.  

Proposal 3: Endorse the TPs in Sections 3.

3  Text proposals for 36.213

9.1.5
MPDCCH assignment procedure
<Unchanged parts are omitted>

A BL/CE UE shall monitor a set of MPDCCH candidates on one or more Narrowbands (described in Subclause 6.2.7 of [3]) as configured by higher layer signalling for control information, where monitoring implies attempting to decode each of the MPDCCHs in the set according to all the monitored DCI formats. The Narrowband in a subframe used for MPDCCH monitoring is determined as described in [3].

A UE that is not a BL/CE UE is not required to monitor MPDCCH.

A BL/CE UE can derive the configuration of one or two MPDCCH-PRB-sets for MPDCCH monitoring from higher layer signalling. The PRB-pairs corresponding to MPDCCH-PRB-set 
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 are indicated by higher layers. Each MPDCCH-PRB-set consists of set of ECCEs numbered from 0 to 
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is the number of ECCEs in MPDCCH-PRB-set [image: image8.wmf]p
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The MPDCCH-PRB-set(s) can be configured by higher layers for either localized MPDCCH transmission or distributed MPDCCH transmission.

The set of MPDCCH candidates to monitor are defined in terms of MPDCCH search spaces.

The BL/CE UE shall monitor one or more of the following search spaces

-
a Type0-MPDCCH common search space if configured with CEmodeA, 

-
a Type1-MPDCCH common search space, 
-
a Type1A-MPDCCH common search space,
-
a Type2-MPDCCH common search space, 

-
a Type2A-MPDCCH common search space, and 

-
a MPDCCH UE-specific search space. 
For a BL/CE UE configured with mpdcch-oneshot-UL-HARQ-ACK-FeedbackConfig, if the UE detects a MPDCCH with DCI format 6-0A/6-0B intended for the UE scheduling PUSCH in subframes [image: image11.png]


 , and if the PUSCH repetition level 
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[image: image13.wmf]G

r

T

×

=

max

, where NT is repetition threshold given by higher layer, 
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is given by higher layer parameter mPDCCH-NumRepetition and 
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 is given by the higher layer parameter mPDCCH-startSF-UESS, the UE is required to monitor MPDCCH in a one-shot MPDCCH UE-specific search space starting from subframe 
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, where Soffset is given by higher layer. 
A BL/CE UE configured with CEModeB is not required to monitor Type0-MPDCCH common search space.

The BL/CE UE is not required to simultaneously monitor MPDCCH UE-specific search space and Type1-MPDCCH common search space.

The BL/CE UE is not required to simultaneously monitor MPDCCH UE-specific search space and Type2-MPDCCH common search space. 

The BL/CE UE is not required to monitor Type1A-MPDCCH common search space or Type2A-MPDCCH common search space if the set of subframes comprising the search space include any subframes in which it monitors Type1-MPDCCH common search space or any subframes in which the UE receives PDSCH assigned by PDCCH with DCI CRC scrambled by P-RNTI.

The BL/CE UE is not required to monitor Type2A-MPDCCH common search space if the set of subframes comprising the search space include any subframes in which it monitors Type1A-MPDCCH common search space or any subframes in which the UE receives PDSCH assigned by MPDCCH with DCI CRC scrambled by SC-RNTI.

A BL/CE UE is not expected to monitor an MPDCCH candidate, if an ECCE corresponding to that MPDCCH candidate is mapped to a PRB pair that overlaps with a transmission of PDSCH scheduled previously in the same subframe. 

<Unchanged parts are omitted>
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