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Introduction
In 3GPP RAN1# adhoc meeting in January, the following agreements were made with regard to physical downlink control channel NB-IoT or NB-PDCCH.
	Agreements:
· [bookmark: _GoBack]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




In this contribution we propose Resource Element allocation and CCE mapping for NB-PDCCH which is in accordance with the above agreements. 
RE allocation units
As it is discussed in [1], we propose downlink NB-RSs RE mapping pattern as depicted in figure 1. Also it is agreed in the last meeting that SFBC with two transmit antennas is used as NB-PDCCH transmission scheme. For realization of SFBC in this case, Resource Elements (RE)s should be paired with shortest possible distance between REs in each pair. In this way the instantaneous channel response for both REs within one pair are almost the same and highly correlated, which is necessary for achieving high diversity gain by SFBC. Therefore the most suitable pattern is when both REs in all RE-pairs would be adjacent in frequency domain as it is illustrated in figure 2. However the positions of NB-RS/CRSs are cell dependent; thus, there might be situations where some of the REs cannot be paired adjacent to each other. In that case there exists one RE (supposedly allocated to NB-RS/CRSs) between the two REs that form a pair, as shown in figure 3. From this point, by RE-pair we mean two consecutive REs in frequency domain which are available to be allocated to NB-PDCCH, this means that RE-pairs are wrapped around the NB-RS REs if it is necessary. This is also in agreement with the consensus achieved in the previous ad hoc meeting.
It is possible to propose a RE allocation scheme for single antenna port transmission, which is different from what is proposed above for two antenna ports. However, this will cause extra complexity in receiver side as well as transmitter side, and excessive effort in specifications. Also there is no lost in performance by pairing REs for single antenna ports. So we can use the same RE-pair structure except that different modulated data symbols are assigned to each RE within a RE-pair, instead of performing SFBC. 
Proposal 1:	Consecutive pair of REs in frequency domain is the basic allocation unit for NB-PDCCH for both single antenna and two antenna ports.
NB-CEE mapping 
As we discussed in the previous section due to the SFBC transmission scheme, it is necessary to group 2 REs in frequency i.e. RE-pair. Based on this we can define NB-CCEs by grouping RE-pairs. One way to define NB-CCE is to simply use FDM structure in which the first 6 consecutive subcarriers are assigned to one NB-CCE and the other 6 subcarriers to the other NB-CCE, as shown in figure 1. However the drawback of this approach is that the performance of each NB-CCE would not be always the same due to the fluctuations of the channel. Because channel fading might degrade only part of the bandwidth that one of the NB-CCEs exists. Furthermore, apart from simplicity, another benefit of FDM approach is to avoid blocking of other PDCCHs and/or PDSCHs which is caused by large number of repetitions. However this problem could be solved by introducing proper gaps between repetitions as suggested in [2]. In that case using these two approaches at the same time can cause unnecessary complexity in scheduling method.
[image: ]
Figure 1) FDM based NB-CEE mapping for standalone/guard-band deployment within one subframe
To avoid aforementioned drawbacks, we believe better approach is to distribute RE-pairs of different NB-CCEs within one subframe, both in time and frequency domains, as illustrated in figure 2. As we can see in the figure, the approach is to start assigning adjacent RE-pairs to different NB-CCEs in frequency domain first and continue doing that for each OFDM symbol. The main advantage of this method is to make the performance of different NB-CCEs to be uniform. Because, if some of REs are experiencing a deep fading this will affect both NB-CCEs to the same extent. Also the performance degradation will be reduced because it is affecting less number of REs from each NB-CCEs compared to the case where all influenced REs belong to one of the NB-CCEs. 
Figure 3 shows NB-CCE mapping in case where NB-RSs are causing noncontiguous RE-pairs. As explained in previous section REs that are allocated to reference signals will be wrapped around RE-pair. 
Our previous illustration shows only standalone/guard-band deployment, however the mapping is applicable directly to in-band deployment. The only difference is that for in-band deployment there are also LTE PDCCH and LTE CRS that should be treated the same way that NB-RS REs are treated. Figure 4 shows the proposed mapping for in-band deployment.
It is worth noting that in each OFDM symbol six subcarriers are assigned to each NB-CCE which is in line with the agreement of previous ad hoc meeting:
 
Proposal 2:	Distributed mapping of RE-pairs is used for NB-CCEs mapping.
Proposal 3:	Distributed NB-CCE Mapping is performed first by assigning adjacent RE-pairs in frequency domain to different NB-CCEs, and then by repeating this for each OFDM symbol in the same order of their indices within the subframe.
[image: ]
Figure 2) Distributed NB-CEE mapping for standalone/guard-band deployment within one subframe
[image: ]
Figure 3) Distributed NB-CEE mapping for standalone/guard-band deployment within one subframe with cell ID based shift for NB-RSs 
As we can see for the in-band deployment, numbers of REs that are available for NB-PDCCH allocation are considerably less than the REs available in case of guard-band/standalone. This results in uneven performance between two cases for both normal coverage and extended coverage if the same number of subframe is used for repetition. One solution to this problem is to define different levels of number of repetitions, for each of these cases for the same coverage level. This should be considered in determining set of repetition levels for search space definition.
Proposal 4:	For same coverage level, different repetition levels should be define for in-band deployment compared to standalone/guard-band deployment.
[image: ]
Figure 3) distributed NB-CEE mapping for in-band deployment within one subframe

It is agreed that there are maximum of 2 NB-CCE within one sumbframe, it means that similar to PDCCH/EPDCCH we can define the aggregation level up to 2 within one subframe. Following this approach we can define higher aggregation levels similar to PDCCH/EPDCCH using different subframes instead of different PRB indices in frequency. However we can use plain repetition instead of aggregating the NB-CCEs. Using higher aggregation levels might benefit from slightly better coding gain due to the redundancy version compared to pure repetition, at the expense of imposing more complexity on decoding of NB-PDCCH. 
Proposal 5: Aggregation levels larger than 2 are not considered for NB-PDCCH 
Conclusions
In this contribution we have proposed resource element and CCE mapping regarding NB-PDCCH channel design for NB-IoT. Based on the discussions, we make the following proposals.
Proposal 1:	Consecutive pair of REs in frequency domain is the basic allocation unit for NB-PDCCH for both single antenna and two antenna ports.
Proposal 2:	Distributed mapping of RE-pairs is used for NB-CCEs mapping.
Proposal 3:	Distributed NB-CCE Mapping is performed first by assigning adjacent RE-pairs in frequency domain to different NB-CCEs, and then by repeating this for each OFDM symbol in the same order of their indices within the subframe.
Proposal 4:	For same coverage level, different repetition levels should be define for in-band deployment compared to standalone/guard-band deployment.
Proposal 5:	Aggregation levels larger than 2 are not considered for NB-PDCCH  
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