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1. Introduction
At the last NB-IoT Ad-hoc meeting, NB-PDCCH construction, supported transmission scheme, resource multiplexing and DCI were discussed. Meanwhile, the following progress was achieved. 
Agreements:

· A CCE for NB-PDCCH is composed by resources within a subframe
· If SFBC is supported, within a PRB pair, 2 CCEs are defined 

Single antenna port transmission is also supported based on the above definition 

· Same transmission scheme is applied to NB-PDCCH, NB-PBCH, and NB-PDSCH

· The same DCI size for DL and UL is targeted for all operation modes and all coverage cases

· In in-band, first few OFDM symbols are not used for NB-PDCCH
· FFS CFI is signaled by SIB or MIB or fixed to 3

· In stand-alone and guard-band, all OFDM symbols are assumed to be available for NB-PDCCH

· REG is not defined for NB-PDCCH
Agreements:
· Within CCE resource(s) for NB-PDCCH transmission, a SFBC pair is transmitted consecutively available two REs which is within a OFDM symbol
· REs within SFBC pair can be separated at most one tone

· LTE CRS (if present) is rate matched

· NB-RS  is rate matched

· This has no implication of NB-RS patterns
· FFS: handling of CSI-RS REs
Agreements:

· For NB-IoT, 

· One CCE consists of 6 subcarriers per OFDM symbol in a subframe
· NB-PDCCH and NB-PDSCH are multiplexed only based on TDM at subframe level at least per UE

· It means that only cross subframe scheduling is supported
· Different NB-PDCCHs:

· TDM at subframe level for extended and extreme coverage.

· Can be multiplexed in one subframe for normal coverage
· FFS: FDM+TDM
Based on the achieved progress, in this contribution, we discuss the NB-PDCCH-related issues  in terms of NB-PDCCH construction, search space design, scheduling timing and the DCI design. 
2. Discussion

2.1. NB-PDCCH construction
A. NB-CCE construction 

During the Ad-hoc meeting, the frame structure for the NB-CCE construction was decided and one remaining issue for the NB-CCE construction is which 6 subcarriers per OFDM symbol are utilized to form one NB-CCE. Two potential directions are possible. The simplest way is always using the same 6 subcarriers per OFDM symbol to form one NB-CCE. For example, subcarrier#0~subcarrier#5 in each OFDM symbol form one NB-CCE. The other direction is that NB-CCE is composed of different 6 subcarriers per OFDM symbol to achieve certain interleaving effect. For example, subcarrier#0~subcarrier#5 in even OFDM symbol and subcarrier#6~subcarrier#11 in odd OFDM symbol constitute one NB-CCE. Considering the benefit of using interleaved subcarriers to form NB-CCE is not clear. We slightly prefer to use fixed/same 6 subcarriers per OFDM symbol to form one NB-CCE. 
B. Aggregation Level
Considering only 1 PRB is supported by the NB-IoT, the straightforward approach for the DCI mapping is to support the aggregation level of up to 2 NB-CCEs in order to map one DCI within one subframe and repeat this DCI for multiple subframes to achieve the coverage requirement. Another alternative is to support the aggregation levels of more than 2 NB-CCEs. Then, one DCI can be mapped across multiple subframes. Considering support of higher aggregation level could potentially benefit from the coding gain compared with simple repetition, we prefer supporting aggregation level of more than 2 NB-CCEs. It was agreed that the resource unit is based on the power of 2 and composed of {1, 2, 4, 8} subframes for {12, 6, 3, 1} subcarriers. A similar time-domain granularity can be defined for the NB-PDCCH conveying one decodable DCI, that is, 1, 2, 4, and 8 subframes to build 1, 2, 4, 8, and 16 NB-CCEs.
Proposal 1: Consider the following points for the NB-PDCCH construction
· Use fixed/same 6 subcarriers per OFDM symbol to form one NB-CCE
· Support aggregation level of more than 2 NB-CCEs
2.2. Search space design

A. Support of different search spaces
For eMTC in Rel-13, search spaces for different purposes are defined. For example, UE-specific search space is defined for the unicast scheduling, while common search space for RAR and search space for Msg.3 re-transmission and Msg.4 are defined to schedule the message during RACH accordingly. Common search space for paging is also defined dedicatedly for the scheduling of paging message. For the NB-IoT, at least UE-specific search space is needed for the unicast scheduling, while the necessity of common search space for RACH or paging depends on the scheduling algorithm and also RAN2 discussion. For example, if control-less scheduling is defined for the scheduling of messages during RACH or paging, then there is no need to define common search space for RACH or paging. Thus, before we address the common search space definition or design, we should firstly discuss the mechanism for paging and RACH. 
B. Multi-subframe NB-PDCCH region
As we discussed in the above sub-section, supporting aggregation level larger than 2 NB-CCEs is desirable. In this case, it is better to support spanning the NB-PDCCH region across multiple subframes. In addition, considering uplink single tone transmission scenario where multiple UEs can be scheduled within 180k Hz , it is better to allow multiple DCIs to be transmitted within this NB-PDCCH region across multiple subframes for better resource multiplexing in the uplink. Supporting transmission of multiple DCIs within the NB-PDCCH region enables one NB-IoT device to transmit uplink data and receive downlink data simultaneously so as to reduce the active time and save power. 
If the NB-PDCCH region appears in any subframe, it will incur lots of blind decoding attempts on the device side, which is not beneficial to the power saving. To avoid this situation, similar mechanism to eMTC can be reused, in which a subset of available starting subframes for monitoring the NB-PDCCH region is defined. Then the NB-IoT UE does not have to monitor every possible time resource for its control message detection
C.  NB-CCE index determination
For normal LTE UEs and eMTC UEs, the CCEs are indexed within one subframe. The CCEs for one search space is determined based on hash function as shown below.
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 is the number of PDCCH candidates to monitor in the given search space. Generally, the input parameters to determine the CCE index are slot/ subframe index of the transmitted DCI within one radio frame, UE-ID and aggregation level.
However, the situation is different for NB-IoT case. Since the control region is likely to span over multiple subframes, the NB-CCE indexing across multiple subframes should be newly defined. A simple method is to index all the NB-CCE across multiple subframes in ascending order in time domain as shown in the following example. 
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Figure 1 Example of NB-CCE indexing
In addition, Yk in the hash function is determined by the subframe index of the control region. However, for NB-IoT, the control region may span across multiple subframes. Which subframe index within the control region will be used to determine Yk needs clear definition. For simplicity, using the starting subframe index of the control region to determine Yk can be considered.
Proposal 2: Consider the following points for the NB-IoT search space design
· Before determining the support of common search space, we should firstly discuss the mechanism for Paging and RACH
· Support mapping of the NB-PDCCH across multiple subframes and restrict starting subframes for NB-PDCCH monitoring

· Index the NB-CCEs of multiple subframes in ascending order in time domain
· Define which subframe index to be used for search space equation.
2.3. Scheduling timing
For eMTC, the uplink scheduling timing is n+k, where n is the end of the MPDCCH transmission/ repetition and k is fixed, i.e., 4. However, for the uplink scheduling especially for the single tone transmission, the existing timing relationship is not so efficient. As shown in Figure.2, if the legacy timing is reused, many resource fragments are incurred and these resource fragments can’t be reused by any device. In this case, modifying the existing timing to ensure better resource multiplexing efficiency is desirable. For example, the single-tone PUSCH starts at k subframes after the end of the control region instead of the end of corresponding DCI transmission as shown in Figure.3
[image: image12.png]Subframe set for NB-PDCCH
!

]
0 BESOER AR J1pre

Resource fragment

1PRB





Figure 2 Example of applying legacy timing
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Figure 3 Example of applying modified timing 
As for the downlink scheduling case, PDSCH starts immediately after the end of DCI transmission/repetition in eMTC case. If the same timing is reused for NB-IoT, the scheduled PDSCH would overlap with a part of the NB-PDCCH region assuming that the same PRB is used for the NB-PDCCH and PDSCH. One solution to avoid this situation is to support cross-PRB scheduling for NB-IoT as in eMTC. However, scheduling PDSCH in the same PRB with NB-PDCCH transmission seems to be the baseline assumption for the NB-IoT. Then, alternative solution is to modify the downlink scheduling timing to avoid the impact from NB-PDSCH. For example, PDSCH transmission could start after the end of the control region instead of the end of corresponding DCI transmission/repetition. 
Proposal 3: Consider the following points for the scheduling timing
· Modify the uplink scheduling timing, e.g., start all the PUSCH transmissions at k1 valid UL subframes after the end of the control region
· Modify the downlink scheduling timing, e.g., start all the PDSCH transmissions at k2 valid DL subframes after the end of the control region
2.4. DCI
For eMTC, different DCI formats for different coverage enhancement modes are defined. For NB-IoT, similar principle would be reused for efficient transmissions. On that basis, some further enhancement is possible. For example, the resource allocation should be modified to support sub-PRB resource allocation or PRB resource allocation across multiple subframes. The HARQ process number field can be compressed with the reduction of the supported parallel HARQ processes. Since the 16-bit CRC occupy a large ratio of resource, shortening the CRC sequence can be considered as well.
Proposal 4: Further investigate the DCI design for NB-IoT
3. Conclusion
In this contribution, we discussed the NB-PDCCH related aspects including the NB-PDCCH construction, search space design, scheduling timing and DCI. Based on the discussion, our proposals are summarized as follows
Proposal 1 : Consider the following points for the NB-PDCCH construction
· Use fixed/same 6 subcarrers per OFDM symbol to form one NB-CCE
·  Support aggregation level of more than 2 NB-CCEs
Proposal 2: Consider the following points for the NB-IoT search space design
· Before determining the support of common search space, we should firstly discuss the mechanism for Paging and RACH
· Support mapping of the NB-PDCCH across multiple subframes and restrict starting subframes for NB-PDCCH monitoring

· Index the NB-CCEs of multiple subframes in ascending order in time domain
· Define which subframe index to be used for search space equation
Proposal 3: Consider the following points for the scheduling timing

· Modify the uplink scheduling timing, e.g., start all the PUSCH transmissions at k1 valid UL subframes after the end of the control region
· Modify the downlink scheduling timing, e.g., start all the PDSCH transmissions at k2 valid DL subframes after the end of the control region
Proposal 4: Further investigate the DCI design for NB-IoT
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