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1 Introduction

In RAN#69, a WI on NarrowBand Internet of Things (NB-IoT) [1] has been approved. According to the WID, NB-IoT should support 3 different modes of operation, stand-alone operation, guard band operation, and in-band operation. 
In the last meeting, some agreements and working assumptions are made for NB-PDCCH as follows [2].

	Agreement: 

· DL and UL scheduling delays are indicated in DCI

· number of delay values that can be signalled for the UL scheduling delay is less than the number of values for the DL 

· FFS the number of values and the sets of values. 

Agreement:

· CSS is defined for RAR (as well as paging)

· UE is not required to simultaneously monitor NB-PDCCH USS and CSS

· Max aggregation level for NB-PDCCH: 2

· Repetition is only applied in case AL=2
· For USS, UE only searches in its configured set of ALs and numbers of repetitions of PDCCH

Agreements:
· UE is not required to monitor more than:

· 3 NB-PDCCH blind decoding candidates in any subframe when there is no NB-PDCCH repetition, and 

· 4 NB-PDCCH blind decoding candidates in any subframe when there is NB-PDCCH repetition of any of the candidates in the subframe

· The start of NB-PUSCH transmission is >=8ms later than the end of its associated NB-PDCCH transmission
Working Assumptions:

· The start of an NB-PDCCH search space is >=4ms after the end of the last NB-PDCCH search space

· The start of NB-PDSCH transmission is >=4ms later than the end of its associated DL assignment


This contribution, we provide our views on remaining issues for NB-PDCCH.
2 NB-PDCCH subframes

2.1 Valid subframes
In Rel-13 eMTC, a set of valid subframes for MTC downlink/uplink transmission is introduced to restrict subframes utilized for MTC UEs. It makes a UE not receive downlink channels in MBSFN subframes for PMCH transmission, or assures resources for scheduling data for legacy UEs without high latency. With the same purpose, it is considerable to reuse the concept of valid subframe at least for in-band NB-IoT operation. 

Proposal 1: A set of valid subframes is configured at least for in-band NB-IoT.

2.2 Starting subframe of search space

In terms of starting subframe configuration, we think it is desired to have aligned starting subframe configurations among different repetitions. Overall, the following options of starting subframe can be considered.

· Cell-specific starting subframe: a common to all UEs cell specific starting subframe configuration can be configured via SIB of periodicity, duration and offset. In each period, one or more decoding candidate of different repetition level can start for the configured duration. This may not offer TDM among different coverage levels and/or UEs in an explicit manner. Rather, implicit TDM via scheduling would be used if this approach is used for UE multiplexing. 

· Coverage-level specific starting subframe: a CE level specific or maximum repetition level specific starting subframe  can be considered. If this is used, alignment or overlap among different repetition levels may need to be carefully considered. 

· UE-specific starting subframe: a UE specific starting subframe (similar to eMTC) configuration to allow TDM among UEs can be also considered. This may increase RRC overhead due to individual signaling, yet, it could offer TDM among UEs. 
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Figure 1. Examples of starting subframe of search space
Overall, the similar approach to eMTC can be considered. However, given that alignment among different UEs is also important, Option 1 can be also considerable. 

Proposal 2: Similar to eMTC, we consider that starting subframe can be configured per coverage level i.e., Option 2.
3 DCI formats and contents for NB-IoT UEs
3.1 DCI format for TPC

Uplink power control for NB-IoT UEs in good coverage seems necessary to solve near-far problem among UEs and reduce interference to other signals. An option to transmit TPC command for PUSCH/PUCCH is to support DCI format 3/3A monitoring similar to eMTC. For TPC of PUSCH and PUCCH, Rel-13 eMTC UE configured monitors DCI format 3/3A for TPC in Type0-MPDCCH common search space if configured with CE mode A.

If DCI format 3/3A is supported, UE can monitor DCI format 3/3A in USS. In other words, there can be no different between USS and CSS for DCI format 3/3A monitoring.
Since UEs require high coverage enhancement will transmit PUSCH/PUCCH with the maximum transmission power, these UEs are not necessary to monitor DCI format 3/3A. Under the assumption that the concept of CE mode is not used to NB-IoT UEs, a UE can determine whether to monitor DCI format 3/3A or not as follows. 
· Option 1: PRACH CE level determines whether to monitor DCI format 3/3A or not. If CE level of the recent PRACH transmission is high, a UE does not monitor DCI format 3/3A.
· Option 2: DCI format 3/3A monitoring depends on PUSCH/PUCCH repetition number. If the maximum PUSCH repetition number is large enough, a UE does not monitor DCI format 3/3A for PUSCH. Also, if the number of PUCCH repetition has large value, a UE does not monitor DCI format 3/3A for PUCCH TPC.
If DCI format 3/3A is not supported for NB-IoT UEs, PUSCH/PUCCH TPC command can be delivered by DCI for DL/UL data scheduling only. 
Proposal 3: Discuss about support of DCI format 3/3A for NB-IoT.
3.2 DCI formats for DL/UL data scheduling

NB-IoT can be designed to target UEs in extended/extreme coverage and unified DCI format regardless of CE level of UE can be considered. Therefore, one DCI format for DL data scheduling and one DCI format for UL data scheduling can be supported. To apply one DCI format to all CE levels, detailed field design and UE behavior corresponding to some fields needs to be discussed.
· TPC command
TPC command for PUSCH/PUCCH would be required to UEs in good coverage. Then, it can be assumed that this field exists when a UE is in small CE level. On the other hand, to align DCI size/contents for all CE levels, this field can be eliminated and TPC command can be transmitted via DCI format 3/3A only. Or, repetition number field for scheduled data and TPC command field can be combined, so interpretation of this field can different depending on CE level.
· Redundancy version
In Rel-13 eMTC, redundancy version (RV) of PDSCH/PUSCH is cycled every subframe where the first RV value is indicated by DCI for CE mode A. On the other hand, in CE mode B, RV is cycled every Z subframes and the starting RV value is fixed to 0. Therefore, there is RV field only in DCI format for CE mode A. Similar to eMTC, this field can exist only when a NB-IoT UE is in small CE level. For the other approach, RV field can be removed from DCI format. However, if repetition number of data is too small, only a part of codeword bits could be transmitted (Figure 2.(b)) whereas the entire bits can be collected with large repetitions (Figure 2.(a)). To resolve this issue, the starting RV value can be cycled as shown in Figure 2.(c). But it could raise ambiguity issue when a UE fails to receive NB-PDCCH.
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Figure 2. Redundancy version index for PDSCH/PUSCH transmission

Overall, TPC value and RV may be necessary for UEs with small repetition case, and may not be necessary for UEs with large repetitions. However, to minimize UE complexity, it is suggested to define a common DCI regardless of repetition level and reserve some fields or use for some other purpose which are not used for large repetition cases. 

Proposal 4: One DCI format for DL data scheduling and one DCI format for UL data scheduling is supported regardless of CE level.
4 Conclusion 

In this contribution, we discussed NB-PDCCH design for NB-IoT. Based on discussion, we obtained following proposals.
Proposal 1: A set of valid subframes is configured at least for in-band NB-IoT.

Proposal 2: Similar to eMTC, we consider that starting subframe can be configured per coverage level i.e., Option 2.
Proposal 3: Discuss about support of DCI format 3/3A for NB-IoT.
Proposal 4: One DCI format for DL data scheduling and one DCI format for UL data scheduling is supported regardless of CE level.
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