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1. Introduction 
In RAN1 Ad-Hoc on NB-IoT [1], we agreed the following:
On resource mapping:

· 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

On multiplexing:

· 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

This contribution discusses some considerations on NB-PDCCH.
2. Discussion
2.1
Search Space

It was agreed that each PRB contains only 2 CCEs which would give a max AL=2 in a subframe.  Larger AL can be achieved by expanding the NB-PDCCH across multiple subframes.  It should be appreciated that larger AL is used to achieve a larger coverage and this can be achieved using repetition of a smaller AL.  During the email discussion, there was a majority view to set the max AL=2 and adopt the MPDCCH search space with repetitions design in eMTC for NB-PDCCH search space with an example shown in Figure 1, that is:
· The repetitions of the candidates in the search space is defined by the maximum repetition Rmax
· There are 4 Repetition Levels 
· Multiple candidates with smaller repetitions can occur within a candidate of larger repetition
Proposal 1: The maximum Aggregation Level for NB-PDCCH is 2.

Proposal 2: Adopt the MPDCCH search space with repetition in eMTC for NB-PDCCH.

[image: image1.png]R1




Figure 1: NB-PDCCH search space with repetitions
Since there are 2 CCEs per PRB and the REs are SFBC paired in adjacent subcarriers (with at most 1 subcarrier separation), one straight forward CCE to RE mapping is that each CCE occupies 6 consecutive subcarriers in an OFDM symbol.  These 6 consecutive subcarriers can be the upper or lower half of the PRB.  During the email discussion two options as shown in Figure 2 were considered:
· Option A: A CCE can occupy different halves of the PRB in different OFDM symbols.  For example in Option A of Figure 2, CCE 0 occupies alternate halves in each OFDM symbol.  The pattern (which half of PRB in which OFDM symbol) is a function of the PCID.  This allows some interference randomization between neighbouring cells when a single CCE is used.
· Option B: A CCE occupies the same half of the PRB in all OFDM symbol as shown in Option B of Figure 2.
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Figure 2: CCE RE mapping options
Distributing the REs of the CCE across the PRB as in Option A is unlikely to offer much frequency diversity.  The interference randomization offered in Option A is only applicable if only a single CCE is used which would likely be for a UE with good coverage (closer to the cell) and it unlikely to offer such a UE much benefit from the randomization.  Since the pattern in Option A is a function of PCID, this would introduce additional specification requirement.  Due to this we prefer a simple RE mapping as in Option B.

Proposal 3: A CCE occupies either the upper 6 consecutive subcarriers or the lower 6 consecutive subcarriers in a PRB.  The subcarriers occupied by a CCE remains the same for all OFDM symbol in the PRB.

It was agreed that for extended and extreme coverage, different NB-PDCCHs are TDMed, that is, two NB-PDCCHs are not transmitted at the same time, i.e., FDM of two NB-PDCCH is not supported.  This means that there is no benefit in transmitting NB-PDCCH with AL=1 in extended and extreme coverage, since another NB-PDCCH with AL=1 cannot be FDMed in the same time.  Therefore for extended and extreme coverage or when large number of repetitions is used, use only AL=2.
Proposal 4: For extended and extreme coverage, only a single AL=2 is supported.

An NB-IoT carrier is expected to be shared with multiple UEs with different coverage levels.  A UE in poor coverage receiving a NB-PDCCH (or NB-PDSCH) with a large number of repetitions would block other UEs (of good coverage) from receiving data from the eNB.  Since it is agreed that FDM is not used in NB-PDCCH for large repetitions, TDM with interleaving of different coverage levels is used.  The following are some alternatives:
· Alt-1: Define two types of downlink time windows, a NB-PDCCH time window followed by a NB-PDSCH time window [2].  In the NB-PDCCH time window NB-PDCCH search spaces of different coverage levels are interleaved with each other whilst in the NB-PDSCH time window, NB-PDSCH repetitions of different coverage levels are interleaved with each other as shown in an example in Figure 3.  Here the NB-PDCCH search space and NB-PDSCH repetitions for extreme coverage are discontinuous.
· Alt-2: Define a Scheduling Time Window for each coverage level, where the windows can be of different lengths.  Within each time window, NB-PDCCH and NB-PDSCH can occur as shown in an example in Figure 4.  For extreme coverage, the NB-PDCCH search space and NB-PDSCH repetitions can be discontinuous and can take several Scheduling Time Windows to complete.  From the UE perspective, it just treats other time windows as invalid subframes and postpones its repetitions until the next valid subframe (i.e. its time window) is available.

[image: image3]
Figure 3: NB-PDCCH & NB-PDSCH time windows
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Figure 4: Scheduling time window

Both TDM alternatives allow time gaps between large repetitions of a channel so that other channels of smaller repetitions can occur in these gaps and the UE has the opportunity to go to sleep during other UEs’ or coverage levels’ time windows.  For Alt-1, the starting time of the NB-PDSCH needs to be indicated.  It should be noted that NB-PDSCH repetitions are variable since it depends on the TBS and MCS.  If the NB-PDSCH time window is fixed then the NB-PDSCH repetitions need to be contained with this time window, which may require that the NB-PDSCH time window be larger than required.  The NB-PDSCH time window can be variable but then it is unclear how the UE would know the end time of the NB-PDSCH time window.  In Alt-2, the NB-PDSCH repetition does not need to be contained within the time window since if the repetition is not complete, it would just postpone it until the next time window is available.  Hence we have a preference for Alt-2.

Proposal 5: Scheduling Time Windows are defined where in each time window, NB-PDCCH and NB-PDSCH can occur.  UE is configured with reoccurring Scheduling Time Windows. If repetitions of a channel (NB-PDCCH or NB-PDSCH) are not complete within an occurrence of a time window, they are postponed until the next occurrence of the time window. 
If TDM as in Alt-2 is used, then the relationship between NB-PDCCH and NB-PDSCH can follow that in eMTC that is, if NB-PDCCH ends in subframe n, NB-PDSCH can start in subframe n+k.  Since we do not expect cross PRB scheduling in Rel-13 in multi-carrier NB-IoT [3] and if we do not support sub-PRB NB-PDSCH [6], the resource for multiple NB-PDSCH scheduling within a NB-PDCCH search space is limited.  Hence alternatively, the subframe n can refer to the NB-PDCCH with the largest repetition Rmax, i.e. end of the NB-PDCCH search space and there is no need for the DCI to indicate the NB-PDCCH repetition used.  It is noted that the UE should still expect to receive more than one NB-PDCCH within a search space, i.e. one for DL grant and another for an UL grant.
Proposal 6: If the NB-PDCCH with the largest repetition ends in subframe n, the NB-PDSCH starts in subframe n+k.  Where k is fixed and k ≥ 2.
2.2
DCI

We consider the following fields in DL Grant:
· UL/DL flag: Since we agreed that the DCI size is the same for DL & UL grants, 1 bit is required to indicate whether the DCI is for DL or UL.
· RB allocation: If sub-PRB NB-PDSCH is not supported, there is no need for this field.  0 bits.
· MCS: 4 bits MCS as in Rel-13 eMTC.

· NB-PDSCH Repetition: 3 bits to select a number of repetition within a configured set of 8 possible repetitions.  The configured set of repetitions depend on the UE coverage level.

· TTI length (number of equivalent PRB): The number of subframes the TBS is expected to occupy.  If we expect TBS of 1000 bits as in Rel-13 eMTC, we would need 6 subframes (i.e. 6 PRBs from 36.213 with IMCS=10). Therefore 3 bits required

· NDI: 1 bit

· Redundancy Version: Since multiple TTIs can be used and we agreed to support TBCC, we do not see the need for RV. 0 bit.

· DCI Repetition: This is not needed if the NB-PDSCH always starts at a fixed offset after the end of the NB-PDCCH search space.

· NB-PDSCH ACK/NACK Allocation: 8 bits if this is indicated in the DL grant [4]
We consider the following fields in UL grant:

· UL/DL flag: 1 bit is required to indicate whether the DCI is for DL or UL

· Subcarrier Spacing: We assume that the same DCI size is used for 3.75 kHz subcarrier spacing and 15 kHz subcarrier spacing [5]. 1 bit.

· Subcarrier Allocation: For multi-tone we assume subcarriers are contiguous (similar to type 0 allocation) [5] for 15 kHz subcarrier spacing.  For 3.75 kHz subcarrier spacing there are 48 possible subcarrier allocations.  6 bits.
· MCS: Truncated MCS as in eMTC. 4 bits

· NB-PUSCH Repetition: 3 bits to select a number of repetition within a configured set of 8 possible repetitions.  The configured set of repetitions depend on the UE coverage level.

· TTI length (number of equivalent PRB): The number of subframes the TBS is expected to occupy.  If we expect TBS of 1000 bits as in Rel-13 eMTC, we would need 6 subframes (i.e. 6 PRBs from 36.213 with IMCS=10). Therefore 3 bits required

· NB-PUSCH starting subframe: If Scheduling Time Window using Alt-2 (see above) and if the NB-PUSCH starting subframe can be a fixed offset to the end of the NB-PDCCH search space then this is not needed. 0 bits.
· NDI: 1 bit

· Redundancy Version: If Turbo Coding is used then we need 2 bits.

· TPC: 2 bits

· CSI Request: If aperiodic CSI is supported. 1 bit

· DCI repetition: Not required if the NB-PUSCH starts at fixed offset from the end of NB-PDCCH search space

· NB-PDSCH ACK/NACK Allocation: 8 bits if this is indicated in the UL grant [4]
The total DCI sizes for DL grant and UL grant are 20 bits and 22 bits respectively if the NB-PDSCH ACK/NACK allocation is indicated in the DL grant otherwise the DCI sizes are 12 bits and 30 bits respectively if the NB-PDSCH ACK/NACK allocation is indicated in the UL grant.  Therefore, a smaller overall DCI is achieved if the NB-PDSCH ACK/NACK is in the DL grant.
Proposal 7: The NB-PDSCH ACK/NACK resource allocation is in the DL grant.

Proposal 8: The DL grant contains the following:
· UL/DL flag: 1 bit

· MCS: 4 bits

· NB-PDSCH Repetition: 3 bits

· TTI length (number of equivalent PRB): 3 bits

· NDI: 1 bit

NB-PDSCH ACK/NACK Allocation: 8 bitsProposal 9: The UL grant contains the following:

· UL/DL flag: 1 bit 
· Subcarrier Spacing: 1 bit

· Subcarrier Allocation: 6 bits.

· MCS: 4 bits

· NB-PUSCH Repetition: 3 bits
· TTI length (number of equivalent PRB): 3 bits

· NDI: 1 bit

· Redundancy Version (if supported): 2 bits.

· TPC: 2 bits

· CSI Request: If aperiodic CSI is supported. 1 bit

3. Conclusion

In this contribution we discuss some considerations for NB-PDCCH.  We have the following proposals:
Proposal 1: The maximum Aggregation Level for NB-PDCCH is 2.

Proposal 2: Adopt the MPDCCH search space with repetition in eMTC for NB-PDCCH.

Proposal 3: A CCE occupies either the upper 6 consecutive subcarriers or the lower 6 consecutive subcarriers in a PRB.  The subcarriers occupied by a CCE remains the same for all OFDM symbol in the PRB.

Proposal 4: For extended and extreme coverage, only a single AL=2 is supported.

Proposal 5: Scheduling Time Windows are defined where in each time window, NB-PDCCH and NB-PDSCH can occur.  UE is configured with reoccurring Scheduling Time Windows. If repetitions of a channel (NB-PDCCH or NB-PDSCH) are not complete within an occurrence of a time window, they are postponed until the next occurrence of the time window. 

Proposal 6: If the NB-PDCCH with the largest repetition ends in subframe n, the NB-PDSCH starts in subframe n+k.  Where k is fixed and k ≥ 2.
Proposal 7: The NB-PDSCH ACK/NACK resource allocation is in the DL grant.

Proposal 8: The DL grant contains the following:

· UL/DL flag: 1 bit

· MCS: 4 bits

· NB-PDSCH Repetition: 3 bits

· TTI length (number of equivalent PRB): 3 bits

· NDI: 1 bit

NB-PDSCH ACK/NACK Allocation: 8 bits Proposal 9: The UL grant contains the following:

· UL/DL flag: 1 bit 
· Subcarrier Spacing: 1 bit

· Subcarrier Allocation: 6 bits.

· MCS: 4 bits

· NB-PUSCH Repetition: 3 bits
· TTI length (number of equivalent PRB): 3 bits

· NDI: 1 bit

· Redundancy Version (if supported): 2 bits.

· TPC: 2 bits

· CSI Request: If aperiodic CSI is supported. 1 bit
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