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1 Introduction

The use of common search space (CSS) was discussed in RAN1#82 and the following working assumption was reached.  

Agreement:

· Working assumption: 

· M-PDCCH common search space (CSS) is necessary at least for paging and RAR

· Note: the name may be revisited if there is issue identified

· If CSS is necessary, 

· Different UEs can monitor M-PDCCH CSS in different narrowbands and in different subframes

· FFS whether or not to support more than one decoding candidate of the CSS in a narrowband. If it is supported, FFS for UEs monitoring the same narrowband, whether or not the UEs may monitor different decoding candidates of the CSS in the narrowband

· FFS: Starting subframe of M-PDCCH CSS and starting ECCE index of M-PDCCH candidate(s) for a CSS in a narrowband 
· For an M-PDCCH CSS for a UE in coverage enhancement
· M-PDCCH candidates with different R (number of repetitions) is supported
The use of a CSS does need not be limited to scheduling of RAR or paging but can also support other legacy functionalities such as fallback, TPC commands for SPS PUSCH/PUCCH, and PUSCH HARQ functionality [1]. This contribution considers CSS support for Rel-13 low cost UEs.

2 CSS Support
A first aspect regarding a CSS is the determination of narrow-bands (NBs) and subframes where a UE can monitor CSS. As CSS is intended to primarily convey UE-common control information, the NBs can be arbitrarily configured within the DL system BW following the same principle as for SIB-1 NBs. Therefore, CSS NBs can be determined as a function of the DL system BW and at least the PCID. Then, a SIB needs to only indicate whether frequency hopping (FH) is supported (this information can be common to DL channels) and the number of NBs used for CSS if they are not specified – e.g. to be equal to 2 (in case of FH). If different CSS NBs need to be used for different coverage enhancement (CE) levels (FFS), the NBs for the larger CE levels can be determined relative to the NBs for the lowest CE level. Alternatively, if overhead is not a concern, explicit signaling of the CSS NBs can be included in a SIB. 

Proposal 1: The CSS NBs can be either implicitly determined similar to SIB-1 or explicitly indicated by a SIB. 
In general, the NBs for the CSS cannot be the same as the NBs for the UE-specific search space (USS) for all UEs (this does not mean that NBs for CSS cannot be same as NBs for USS for some UEs) and for all CE levels. The implication is that, in general, a UE cannot monitor both CSS and USS in the same subframe and a definition for separating CSS monitoring subframes from USS monitoring subframes may be needed. Alternatively, CSS monitoring subframes may not be explicitly defined but rather be implicitly determined based, for example, on RAR or paging transmission occasions. For SPS PDSCH/PUSCH, a UE may only monitor a CSS to obtain TPC commands or HARQ-ACK (if supported) for a PUSCH transmission.
Paging

The CSS monitoring subframes can depend on the respective functionality (e.g. paging or RAR scheduling). Therefore, for paging, CSS monitoring subframes can be the ones of a paging occasion (PO) for possible indication of a SI change. In [2], it has been argued that monitoring CSS on each PO will lead to scheduling inefficiencies since a SI change is not always transmitted on each PO. While it is certainly true that a SI change does not occur on each PO, whether monitoring CSS on each PO leads to scheduling inefficiencies is unlikely as POs are expected to be very infrequent. Nevertheless, as it is subsequently discussed, any scheduling impact can also be avoided by the network independently configuring different NBs (at least for large system bandwidths) for CSS and for USS.
Proposal 2: When a Rel-13 low cost UE cannot simultaneously monitor CSS and USS in a subframe, the UE monitors the CSS for a DCI format scheduling a paging message starting from a corresponding PO subframe. 

RAR
For the RAR, the CSS monitoring subframes can depend on the CE level associated with the PRACH (at least for initial access). Therefore, if an M-subframe corresponds to the (largest, if more than one are configured) number of M-PDCCH repetitions conveying a DCI format scheduling the RAR, a RAR window can be defined in N units of M-subframes and a UE needs to monitor CSS for MxN subframes. Therefore, as for a paging message, legacy principles can be maintained and a Rel-13 low cost UE needs to monitor CSS for RAR scheduling only during a RAR window.  
Proposal 3: A Rel-13 low cost UE monitors a CSS for a DCI format scheduling a RAR starting from a first subframe of a corresponding RAR window. 

Interaction with USS
To minimize scheduling impact for unicast PDSCH/PUSCH, CSS NBs can be different that USS NBs so that when UE-common DCI is transmitted to some UEs, UE-specific DCI can be transmitted to other UEs. However, at least for the smaller DL system BWs, it may not be possible to always configure different NBs for the CSS and the USS, particularly if different NBs are used for different CE levels and FH is also configured. In that case, a network can configure same NBs for CSS and USS to a UE. From the network perspective, this allows configuration of multiple CSS but from the UE perspective there is only a single CSS (no specification impact in that respect). A UE can monitor only UE-common DCI or UE-specific DCI in a same NB in a subframe and, by prioritizing CSS, whether the NBs are used for CSS or USS is transparent to the UE and the number of blind decoding operations does not increase.
Proposal 4: Narrow-bands for CSS are separately determined than narrow-bands for USS (this enables using same or different narrow-bands for CSS and USS).
Cell specific M-PDCCH transmission
M-PDCCH conveying UE-common DCI formats (e.g. to schedule RAR or paging) should have a cell-specific configuration. The sequence for scrambling the M-PDCCH and the DMRS should be initialized based on the PCID. 
Proposal 5: For transmission of M-PDCCH conveying DCI formats scrambled with a UE-common RNTI, the PCID is used to initialize the sequence for scrambling the M-PDCCH and the DMRS.

Other CSS Functionalities
Legacy CSS support for TPC commands and for reconfiguration fall-back (e.g. when the coverage level of a UE significantly deteriorates) can also be provided by the CSS for Rel-13 low cost UEs following the legacy principles. Msg4 scheduling can also be supported through the same CSS as for the RAR scheduling. The number of repetitions for Msg4 transmission can be indicated in the same manner as for unicast PDSCH.
Although dynamic scheduling is the typical focus in RAN1, SPS is highly attractive from many MTC applications where a very large number of UEs, without coverage limitation (e.g. free-space path-loss), can transmit small data TBs. Control overhead in such cases can materially decrease spectral efficiency as it can require comparable resources to the ones for the data TBs due to the higher reliability requirements and due to the large number of low cost UEs. The network can configure a group of UEs (in normal coverage or in small extended coverage) to monitor CSS NBs at predetermined subframes (similar to POs) for TPC commands in order to support link adaptation for SPS PUSCH and for P-CSI or HARQ-ACK on PUCCH in response to SPS PDSCH. For a DCI Format 3/3A for Rel-13 low cost UEs with size equal to the size of the DCI format for PDSCH/PUSCH scheduling, dynamic PDSCH/PUSCH scheduling can also apply without additional blind decoding operations by the Rel-13 low cost UE. 

Proposal 6: Signaling of TPC commands by a DCI Format is supported on the CSS.

HARQ-ACK functionality for PUSCH transmissions can be supported on the CSS, at least for SPS PUSCHs having a last repetition in a same subframe by a group of Rel-13 low cost UEs. Therefore non-adaptive retransmissions for SPS PUSCH can be supported. 
Proposal 7: HARQ-ACK to a group of UEs is supported through a DCI format transmitted on the CSS.
3 Conclusions

This contribution considered aspects for the M-PDCCH structure. In particular, the following are proposed.
Proposal 1: The CSS NBs can be either implicitly determined similar to SIB-1 or explicitly indicated by a SIB. 

Proposal 2: When a Rel-13 low cost UE cannot simultaneously monitor CSS and USS in a subframe, the UE monitors the CSS for a DCI format scheduling a paging message starting from a corresponding PO subframe. 

Proposal 3: A Rel-13 low cost UE monitors a CSS for a DCI format scheduling a RAR starting from a first subframe of a corresponding RAR window. 

Proposal 4: Narrow-bands for CSS are separately determined than narrow-bands for USS (this enables using same or different narrow-bands for CSS and USS).

Proposal 5: For transmission of M-PDCCH conveying DCI formats scrambled with a UE-common RNTI, the PCID is used to initialize the sequence for scrambling the M-PDCCH and the DMRS.

Proposal 6: Signaling of TPC commands by a DCI Format is supported on the CSS.

Proposal 7: HARQ-ACK to a group of UEs is supported through a DCI format transmitted on the CSS.
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