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1 Introduction

The use of common search space for the M-PDCCH was discussed in RAN1#81 with respect to the scheduling of RAR and paging where the following was agreed.  

Agreements:
· Options for RAR and Paging for Rel-13 low complexity UEs and UEs operating coverage enhancement:

· Option 1: M-PDCCH-scheduled PDSCH carrying the message(s)

· Option 2: M-PDCCH DCI carrying the message

· Option 3: M-PDCCH-less PDSCH carrying the message

· Agree the following as working assumptions for Paging:

· Support Option 1 for the case of a single Paging record in a narrowband

· This assumes that the DCI size will be relatively compact compared to the size of a Paging record 

· Support Option 1 for the case of multiple Paging records in a narrowband 

· Agree the following as working assumptions for RAR:

· Support Option 2 for the case of a single MAC RAR in a narrowband
· Support Option 1 for the case of multiple MAC RARs in a narrowband
· FFS: In case of small number of MAC RARs, some part of MAC RARs is included in the DCI, and remaining parts of MAC RARs are included in the PDSCH
· FFS whether eNB indicates support for Option 1 and/or Option 2 in SIB


· If eNB can indicate support for only Option 1 then Option 1 can be used also for a single MAC RAR
The use of a common search space (CSS) 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, and PHICH functionality [1]. 

This contribution considers CSS design aspects for M-PDCCH transmissions to low cost UEs.

2 CSS Design
A first aspect regarding the CSS design 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. Otherwise, only one NB could be used per subframe and only one Rel-13 UE, especially a coverage limited one, could be scheduled per subframe even in large DL system BWs. Therefore, NBs for CSS can be different than NBs for USS (this does not mean that NBs for CSS cannot be same as NBs for USS for some UEs). 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. 
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 needs to be further considered. 
The number of subframes where a UE needs to monitor CSS for a DCI format scheduling transmission of a paging message depends, in addition to the coverage requirements of the UE, on the size of the DCI format. As the DCI format can always be transmitted with an aggregation level of 24 ECCEs, the number of blind decoding operations will be equal to the number of repetition levels and is consequently very small. Also, considering that the DCI format will be transmitted with high reliability to be received by a UE in worst coverage, the BLER for the large majority of UEs will be much smaller than 1%. A CRC length of 8 bits is therefore sufficient. The additional contents of the DCI format can be the TBS of the paging message (~2 bits), the number of repetitions for the paging message (~2 bits), and (FFS) the number of repetitions for the M-PDCCH conveying the DCI format (~0-2 bits) – the NBs for the paging message can be preconfigured as there is no need for dynamic indication. In total, the number of bits for the DCI format can be in the range of 14 bits. 
In [3], the M-PDCCH BLER is thoroughly evaluated with FH, multi-SF channel estimation (with inclusion of frequency error), PRB bundling, and 24 ECCE aggregation level. For a DCI payload size of 37 bits, the required number of repetitions at -14.3 dB SINR is found to be 48. A ~4 dB gain is expected for a DCI payload size of ~14 bits leading to a reduction in the number of repetitions by at least a factor of 6 and resulting to a number of repetitions of about 8 (which can be further reduced by the network through power boosting). The exact number of repetitions is not important for this analysis. However, comparing a number (approximate) of repetitions required for a DCI format to schedule a paging message with the number of repetitions for the paging message and with the number of repetitions for the SI modification messages, it becomes clear that the number of subframes required for DCI format detection is a very small percentage of the total. Additionally, infrequent SI modifications for Rel-13 low cost UEs also mean infrequent periodicity of PO instances. Therefore, in order to simplify specifications and overall system design and as the impact on unicast scheduling of Rel-13 low cost UEs is negligible, a Rel-13 low cost UE can be assumed to monitor CSS for a DCI format scheduling a paging message at the respective PO instance. Nevertheless, as it is subsequently discussed, such a constraint can also be avoided by the network.
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 depend on the CE level associated with the PRACH (at least for initial access if not later re-configured). 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. For most UEs not requiring large CE, the RAR window size will be similar to the legacy one. A ~4-5 dB loss due to 1 Rx and reduced/no frequency diversity at 1% BLER can be approximately compensated by a ~50% reduction in DCI format size and an increase in the number of ECCEs (e.g. from 8 CCEs for PDCCH to 24 ECCEs for M-PDCCH) – in case of 4 repetitions, both frequency diversity is largely recaptured and an additional ~6 dB gain is obtained. Power boosting by the network is also possible. 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 (also, a Rel-13 low cost UE does not need to simultaneously receive unicast messages in this case).  
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
At least for the smaller DL system BWs, it may not be possible to avoid collisions of CSS NBs with USS NBs, particularly if different CSS NBs are used for different CE levels. In that case, TDM of CSS NB and USS NBs can apply. Respective subframes where a common DCI format or a unicast DCI format cannot be simultaneously transmitted can be treated in the same manner as UL subframes in TDD or MBMS subframes, etc. [4]. The configuration of CSS subframes can be informed to a UE by a SIB. 
At the limit, CSS subframes can include all subframes in a frame that can support unicast DL transmissions. For a UE configured the same NBs for USS as the NBs for CSS (for a respective CE level), this also allows unicast scheduling in case a common DCI format is not transmitted assuming that an increase in the blind decoding operations for different DCI formats is acceptable in terms of UE complexity and assuming the same transmission method, localized or distributed, is used for both types of DCI formats in order to avoid increasing UE complexity). From the network perspective, this allows the possibility for multiple CSS but from the UE perspective there is only a single CSS (no specification impact in that respect).

By explicit signaling of at least the NBs for the USS and signaling of the subframes for the CSS (or for the USS), either complete overlapping or complete non-overlapping of the CSS NBs and of the USS NBs can occur and this can be left to network implementation and depend on the traffic conditions, supportable CE levels, DL BW size, etc. 

Proposal 4: CSS subframes are signaled in a SIB.
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. 

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 (non-coverage limited) UEs to monitor a NB (or two NBs in case a repetition is needed and FH is applied) 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 compact DCI Format 3/3A with size equal to the size of the compact DCI format for PDSCH/PUSCH scheduling, dynamic scheduling at such subframes can also apply without additional blind decoding operations by the Rel-13 low cost UE. 

Proposal 6: Signaling of TPC commands by a compact DCI Format 3/3A is supported on the CSS.

PHICH functionality can be supported on the CSS, at least for SPS PUSCHs configured to be transmitted in a same subframe by a group of Rel-13 low cost UEs, and therefore non-adaptive retransmissions for SPS PUSCH can be supported. To avoid CRC duplication and enable use of a single NB to simultaneously transmit both TPC commands and PHICH functionality through a single M-PDCCH, TPC commands and HARQ-ACK can be multiplexed in the same DCI format (a UE is configured a position for TPC command and another position for HARQ-ACK information).
Proposal 7: HARQ-ACK to a group of UEs is provided 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: CSS subframes are signaled in a SIB.
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 compact DCI Format 3/3A is supported on the CSS.
Proposal 7: HARQ-ACK to a group of UEs is provided through a DCI format transmitted on the CSS.
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