
3GPP TSG-RAN WG1 #84
R1-160443
St Julian’s, Malta, 15th – 19th February 2016
Agenda item:

7.2.1.1.2
Source:
Nokia Networks, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
Title:
NB-PDCCH design for NB-IoT
Document for:

Discussion and Decision
1
Introduction
In RAN1 NB-IoT Adhoc meeting, it was agreed that, 
· 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
· 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
· 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 these agreements, we give our proposals on downlink control channel design for NB-IoT. 
2
Discussion
The detailed design of NB-PDCCH CCE to RE mapping and the NB-PDCCH search space are proposed in this section.
2.1
NB-PDCCH CCE to RE mapping

According to RAN1 agreements, 2 NB-PDCCH CCEs are defined within one PRB pair, and one CCE consists of 6 subcarriers per OFDM symbol in a subframe. These 6 subcarriers should be frequency consecutive to facilitate SFBC RE pairing. As an example, the CCE to RE mapping for in-band mode can be illustrated in Fig.1, where CCE#0 and CCE#1 obtain the lowest 6REs and the highest 6REs respectively. SFBC RE pairing with consecutive REs and REs separated with one CRS RE are also shown in the figure. 

For in-band mode, the REs in the first few OFDM symbols, the legacy CRS REs, the legacy CSI-RS REs and the new NB-RS REs are not used for NB-PDCCH transmission. We have the following proposals for handling each kind of REs in in-band mode,

· The starting OFDM symbol for CCE to RE mapping in indicated in SIB1;

· The CSI-RS REs are punctured for NB-PDCCH transmission. How to handle the resulted orphan RE(s) is based on UE implementation; 
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Fig.1 CCE to RE mapping in in-band mode
For guard band and standalone modes, only NB-RS REs need to be rate matched. We have the following proposals,
Proposal 1: One NB-PDCCH CCE consists of 6 consecutive REs per OFDM symbol in a subframe. 
Proposal 2: Following handling is used for NB-PDCCH CCE to RE mapping,
· The starting OFDM symbol for CCE to RE mapping in in-band mode in indicated in SIB1;

· The CSI-RS REs in in-band mode are punctured for NB-PDCCH transmission. How to handle the resulted orphan RE is based on UE implementation; 
2.2
NB-PDCCH Search space

The legacy common search space is mainly used for scheduling paging records and RAR. It was discussed in LTE-M to transmit paging records and RAR without scheduling, in order to reduce the UE complexity during CSS detection. Since NB-IoT targets to achieve even lower UE complexity and power consumption than LTE-M, the NB-PDCCH-less based paging and RAR transmission can be considered. One solution is to have limited number of paging records and RAR message in one related NB-PDSCH transmission, so that UE blind detection effort can be reduced. Detailed discussions can be found in [1][2].
Proposal 3: Common search space is not supported for NB-IoT.
For UE specific search space, the NB-PDCCHs for different CE level UEs have to be multiplexed in one NB carrier. As a result, the large number of NB-PDCCH repetitions for large coverage enhancement level UEs will incur very high blocking rate especially for normal and small coverage enhancement UEs. To avoid such issue, it is proposed to define multiple time regions for NB-PDCCH transmission, each corresponding to one specific coverage enhancement level. One example is illustrated in Fig.2, where two control regions C1 and C2 are configured within each certain period, and they use different set of subframes for NB-PDCCH transmission for different coverage enhancement level UEs. The detailed description is given in our companion contribution in [3].
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Fig.2 Time division multiplexed search space for different CE level UEs

Therefore we have the following proposal,

Proposal 4: The NB-PDCCH search space for different coverage enhancement level UEs can be time division multiplexed in different set of subframes.  

Based on the TDMed search space for different CE level UEs, a specific coverage enhancement level UE would be configured to detect NB-PDCCH only in the configured set of subframes. Similar as MPDCCH, a set of NB-PDCCH candidates with {L, R} can be defined, where L is the aggregation level within a configured PRB set, and R is the repetition level for each specific L. The PRB set can contain only 1 PRB, in which case the L is selected from {1,2}, or the PRB set can contain multiple PRBs, e.g., {2,4,8} based on eNB configuration. In this case, the configured PRBs are corresponding to {2,4,8} consecutive or non-consecutive subframes. The total number of CCEs are {4,8,16} respectively. 
The repetition of a specific L happens only in the configured set of subframes. The repetition level can be defined by taking the configured number of PRBs (i.e., subframes) in the NB-PDCCH set as the minimum unit. The repetition level defined for MPDCCH can be reused or can be just scaled for NB-PDCCH.  
Proposal 5: A set of NB-PDCCH candidates with {aggregation level, repetition level} are defined. The aggregation level is defined within a configured NB-PDCCH PRB set, and the repetition level can be defined by taking the configured number of PRBs (i.e., subframes) in the NB-PDCCH PRB set as the minimum unit.  

Similarly, the number of subframes in the configured NB-PDCCH PRB set can be taken into account for the NB-PDCCH starting subframe determination. UE can configured with a starting subframe of the configured NB-PDCCH PRB set, and the UE specific search space within the configured NB-PDCCH PRB set can be determined based on legacy function. 
Proposal 6: The starting subframe for the configured NB-PDCCH PRB set is based on eNB configuration.
3
Conclusion
We have the following proposals on NB-PDCCH design –
Proposal 1: One NB-PDCCH CCE consists of 6 consecutive REs per OFDM symbol in a subframe. 

Proposal 2: Following handling is used for NB-PDCCH CCE to RE mapping,

· The starting OFDM symbol for CCE to RE mapping in in-band mode in indicated in SIB1;

· The CSI-RS REs in in-band mode are punctured for NB-PDCCH transmission. How to handle the resulted orphan RE is based on UE implementation.
Proposal 3: Common search space is not supported for NB-IoT.

Proposal 4: The NB-PDCCH search space for different CE level UEs can be time division multiplexed in different set of subframes. 
Proposal 4: The NB-PDCCH search space for different coverage enhancement level UEs can be time division multiplexed in different set of subframes.
Proposal 5: A set of NB-PDCCH candidates with {aggregation level, repetition level} are defined. The aggregation level is defined within a configured NB-PDCCH PRB set, and the repetition level can be defined by taking the configured number of PRBs (i.e., subframes) in the NB-PDCCH PRB set as the minimum unit.

Proposal 6: The starting subframe for the configured NB-PDCCH PRB set is based on eNB configuration.
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