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1 Introduction

At the last RAN1 Ad-Hoc meeting in Budapest, HU some progress was made on the finalization of the NB-PDCCH in Release 13 and the following was agreed:
	Agreements:
· A CCE for NB-PDCCH is composed by resources within a subframe
· 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



In this contribution, we present our view on some of the remaining open issues as they pertain to the channel processing of of the NB-PDCCH. Additional details regarding timing relationships, search space design, or transmission of common control messages can be found in our companion contributions [3],[4],[5].
2 NB-IoT Downlink Shared Channel Design Considerations
Figure 1 shows the processing diagram for the NB-IoT Physical Downlink Control Channel (NB-PDCCH). 
[image: image1.png]



Figure 1: Block diagram of the NB-PDCCH channel processing
2.1 CRC Attachment
Error detection through Cyclic Redundancy Check (CRC) follows Section 5.3.3.2 in [2]. 
2.2 Channel Coding
Tail biting convolutional encoding according to section 5.3.3.3 in [2] is used for the NB-PDCCH channel coding. 
2.3 Rate Matching
Rate matching follows Section 5.3.3.4 in TS 36.212 [2]. 
2.4 Scrambling

The scrambling sequence for the NB-PDCCH is given in 7.2 of TS 36.211 [1]. The same initialization as in Section 6.8.2 of [1] can be used for NB-IoT. 
2.5 Modulation Mapping

NB-PDCCH is transmitted using QPSK according to Section 7.1 of TS 36.211 [1]. 
2.6 Layer Mapping

According to the agreements above, the modulated symbols are mapped to layers according to Sections 6.3.3.1 and 6.3.3.3 in [1] for a single NB-RS antenna port and more than one NB-RS antenna port, respectively.
2.7 Precoding

According to the agreements above, the modulated symbols are precoded according to Sections 6.3.4.1 and 6.3.4.3 in [1] for a single NB-RS antenna port and more than one NB-RS antenna port, respectively.
2.8 Resource Element Mapping

NB-PDCCH resource mapping can follow the basic principles in Sections 6.3.5 and 6.4 of TS 36.211 [1]. For standalone and guard-band deployments, NB-PDCCH can be mapped to the time/frequency grid that generates the OFDM waveform taking only NB-IoT signals and channels into account. In contrast, for in-band operation, NB-IoT operation needs to protect legacy channels and signals that coexist within the NB-IoT resources to which the NB-PDCCH is mapped. To this end, the NB-MIB indicates the LTE CRS resources so the NB-PDCCH can be rate matched properly (see our companion contribution in [6]). In addition, the NB-PDCCH starting symbol can be configured such that the entire legacy control region is protected. NB-IoT signals and channels should not be mapped to the center six PRBs of the donor LTE system in in-band operation and this should be captured in the NB-IoT specifications. In addition, it should be possible to exclude mapping of the NB-PDCCH to certain subframes such as MBSFN subframes that are configured for PMCH transmissions or subframes intentionally avoided to realize discontinuous transmissions of NB-PDCCH. Such information could be configured at the NB-IoT UE via system information broadcast or dedicated RRC signaling (see our companion contribution in [3]). 
Proposal 1:
· NB-PDCCH resource mapping can follow the basic principles in Sections 6.3.5 of TS 36.211

· The center six PRBs of the donor LTE system in in-band operation are precluded from NB-IoT operation

· NB-PDCCH is not mapped to certain resources in in-band operation (LTE CRS REs, legacy control region, MBSFN subframes …)

Regarding the mapping of the NB-IoT control channel elements (NB-CCEs), it was already agreed that within a PRB pair, two NB-CCEs are defined. In light of a timely completion of the work item, we propose to simply use six contiguous subcarriers to define an NB-CCE as depicted in Figure 2 below. 
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Figure 2: NB-CCE definition for NB-IoT
To simplify the specification effort and to account for a timely completion of the work item, we propose to not introduce sub-PRB allocations of the NB-PDSCH. Hence, NB-PDSCH and NB-PDCCH cannot be mapped to the same subframe, i.e., NB-PDSCH and NB-PDCCH are always multiplexed in a time-division multiplexing (TDM) manner. For the exact timing relationships see our companion contribution in [3]. Similarly, for aggregation level two, we prefer that two NB-PDCCH are not mapped to the same subframe, i.e., FDM between two NB-PDCCH is precluded likewise. 
Proposal 2:
· NB-PDSCH and NB-PDCCH cannot be mapped to the same subframe
· FDM between two NB-PDCCH is precluded

· Six contiguous subcarriers to define an NB-CCE
Table 1: NB-CCE definition
	Subcarrier index
	NB-CCE index

	0-5
	0

	6-11
	1


3 Conclusion

In this contribution, we present our views on design aspects of the NB-PDCCH physical channel processing whereby additional details regarding timing relationships, search space design, or transmission of common control messages can be found in our companion contributions [3],[4],[5]. The following proposals summarize our contribution:
Proposal 1:
· NB-PDCCH resource mapping can follow the basic principles in Sections 6.3.5 of TS 36.211

· The center six PRBs of the donor LTE system in in-band operation are precluded from NB-IoT operation

· NB-PDCCH is not mapped to certain resources in in-band operation (LTE CRS REs, legacy control region, MBSFN subframes …)

Proposal 2:
· NB-PDSCH and NB-PDCCH cannot be mapped to the same subframe

· FDM between two NB-PDCCH is precluded

· Six contiguous subcarriers to define an NB-CCE
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