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1 Introduction

In the last meeting, it was agreed to support NB-PDCCH which is a physical downlink control channel for NB-IoT as follows [1].

	 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
R1-160208
WF on DL Multiplexing for NB-IoT
ZTE

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


This contribution, we provide our views on NB-PDCCH design details.
2 NB-PDCCH resources
2.1 Multiplexing of NB-PDCCH and other channels
In terms of multiplexing, the following issues need to be considered. 

· Multiplexing between NB-PDCCHs of multiple UEs

· Multiplexing between CSS and USS

· Multiplexing between NB-PDCCHs and NB-PDSCHs

· Multiplexing between NB-PDSCHs of multiple UEs

Regardless of whether to introduce multiple PRB operation or not, multiplexing of different channels in one NB-IoT carrier/PRB is necessary at least for stand-alone scenario. As agreed in Ad-hoc meeting, TDM at subframe level can be considered for the first case. Similarly, we consider TDM can be also considered for other cases as well. In addition, multiplexing control channels and data channels in FDM can be considered with minimum specification impact. However, we can first focus on TDM approach as agreed. In terms of TDM approach, overall two approaches can be considered – implicit and explicit. 

(1) Implicit TDM: using this approach, TDM can be achieved via some other configuration such as DRX configuration. For UEs in active states, TDM will be achieved by the network scheduling. This approach offers flexibility where a UE can utilize the available resources as much as possible, and thus quickly finish transmission/reception in case of low traffic. However, it may lead some blocking for good coverage UEs in case resources are heavily consumed by deep coverage UEs. 
(2) Explicit TDM: if block issue indeed is a problem, explicit resource separation among different coverage class UEs can be considered. In terms of TDM configuration, the following approaches can be considered.

A. CE-level specific available subframe: for each CE level, available subframe set can be configured where available subframe set among different CE levels can be configured to be disjoint or partially overlapped. A UE with a certain CE level can expect to receive data and/or control (UE-specific) in only on the configured available subframes. The drawback of this approach is that it may restrict the resource utilization even in case no other UEs. Example is shown in Figure 1.
B. UE-specific or CE-level specific starting subframe configuration for NB-PDCCH and dynamic indication of allocated subframes for NB-PDSCH (potentially with starting subframe of NB-PDSCH): using this approach, resources for NB-PDCCH transmission will be semi-statically divided among different UEs whereas NB-PDSCHs can be implicitly multiplexed via scheduling. The drawback of this approach would be additional DCI overhead to indicate allocated subframes for data channel. 
C. Hybrid of A and B: one example is to use CE-level specific available subframe for NB-PDSCH and use UE-specific/CE-level specific starting subframe configuration for NB-PDCCH. 

Given the specification impact and less flexibility (without additional DCI overhead), our preference is to adopt implicit TDM approach. If indeed blocking is an issue, we prefer semi-static configuration over dynamic change due to high additional DCI overhead. Given the limited resource, it is generally preferred to limit DCI overhead and make the compact DCI. 
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Figure 1. Example of semi-static TDM configuration
Proposal 1: If explicit TDM is considered, semi-static resource partitioning is considered. 
In case semi-statically configured TDM approach per CE level is used, whether to further divide resources for UEs belonging to the same CE level or not needs to be clarified. Further dividing resources to UEs would lead resource underutilization or biased resource utilization depending on active UEs. In that sense, it may be sufficient to adopt implicit TDM among UEs within the same CE level in this case. 
2.2 Search space design of NB-PDCCH
According to the agreement, there are two CCEs in one subframe which can be used for aggregation level 1 or 2. From a UE perspective, similar to eMTC, we consider a UE monitor multiple aggregation levels and multiple repetition levels. A UE can be configured with maximum repetition number Rmax for NB-PDCCH where a UE is also monitors {Rmax/8, Rmax/4, Rmax/2} repetition numbers as well. For a UE with good coverage, AL = 1 and 2 can be monitored. For a UE with deep coverage, to minimize the number of BDs, it is also considerable to restrict AL = 2. 
Starting subframe of NB-PDCCH

Starting subframe of NB-PDCCH also can follow the principle of Rel-13 MTC M-PDCCH. Possible starting subframe of NB-PDCCH can be restricted to reduce UE decoding complexity. In addition, to maximize NB-PDCCH scheduling opportunity, NB-PDCCH transmission can start every R subframes where R is the repetition number of the NB-PDCCH as shown in Figure 2.
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Figure 2. Starting subframe of NB-PDCCH depending on repetition numbers
Proposal 2: NB-PDCCH with repetition number R can start transmission every R subframes.

In terms of starting subframe configuration, we think it is desired to have aligned starting subframe configurations among different repetitions. Overall, the following options of starting subframe can be considered.
· Cell-specific starting subframe: a common to all UEs cell specific starting subframe configuration can be configured via SIB of periodicity, duration and offset. In each period, one or more decoding candidate of different repetition level can start for the configured duration. This may not offer TDM among different coverage levels and/or UEs in an explicit manner. Rather, implicit TDM via scheduling would be used if this approach is used for UE multiplexing. 

· Coverage-level specific starting subframe: a CE level specific or maximum repetition level specific starting subframe  can be considered. If this is used, alignment or overlap among different repetition levels may need to be carefully considered. 

· UE-specific starting subframe: a UE specific starting subframe (similar to eMTC) configuration to allow TDM among UEs can be also considered. This may increase RRC overhead due to individual signaling, yet, it could offer TDM among UEs. 
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Overall, the similar approach to eMTC can be considered. However, given that alignment among different UEs is also important, Option 1 can be also considerable. 
Proposal 3: Discuss how to configure starting subframe set in consideration of multiplexing of different channels. 
3 Valid subframe for NB-IoT

In Rel-13 MTC, a set of valid subframes for MTC downlink/uplink transmission is introduced to restrict subframes utilized for MTC UEs. It makes a UE not receive downlink channels in MBSFN subframes for PMCH transmission, or assures resources for scheduling data for legacy UEs without high latency. With the same purpose, it is considerable to reuse the concept of valid subframe at least for in-band NB-IoT operation. 
Proposal 4: A set of valid subframes is configured at least for in-band NB-IoT.

4 NB-PDCCH common search space

Another topic to be discussion for NB-PDCCH is whether and how to design common search space. In Rel-13 MTC, CSS for paging and RAR (including Msg 3/4) are introduced. Also, CSS for TPC and fallback is introduced only for CE Mode A. In our view, CSS needs to be defined at least for paging and RAR. However, when we assume that NB-IoT targets high coverage enhancement and low mobility, CSS for TPC/fallback seems not necessary similar to Rel-13 MTC CE Mode B. If necessary, TPC by DCI 3/3A can be replaced by TPC by RRC.
Proposal 5: NB-PDCCH CSS is introduced at least for RAR and Paging.

5 Conclusion 

In this contribution, we discussed NB-PDCCH design for NB-IoT. Based on discussion, we obtained following proposals.
Proposal 1: If explicit TDM is considered, semi-static resource partitioning is considered. 
Proposal 2: NB-PDCCH with repetition number R can start transmission every R subframes.

Proposal 3: Discuss how to configure starting subframe set in consideration of multiplexing of different channels. 
Proposal 4: A set of valid subframes is configured at least for in-band NB-IoT.

Proposal 5: NB-PDCCH CSS is introduced at least for RAR and Paging.
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