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Discussion and Decision
1
Introduction
In RAN1 #84 meeting, for NB-PDCCH it was agreed that, 
· Mapping of 2 CCEs: Upper 6 subcarriers are allocated to one CCE and lower 6 subcarriers are allocated to the other CCE within a PRB pair. 

· NB-PDCCH is punctured on REs used for CSI-RS in the in-band case

· No signaling of CSI-RS configurations is provided to NB-IoT UEs
· CSS is defined for RAR (as well as paging)

· UE is not required to simultaneously monitor NB-PDCCH USS and CSS

· Max aggregation level for NB-PDCCH: 2

· Repetition is only applied in case AL=2
· For USS, UE only searches in its configured set of ALs and numbers of repetitions of PDCCH

· When AL = 2 is used, two NB-CCEs of the same UE are in the same subframe
Based on these agreements, we give our proposals on remaining issues of downlink control channel design for NB-IoT. 
2
Discussion
In this section, we provide our views of discontinuous transmission of control channel in the scheduling window, the starting subframe determination method for NB-PDCCH and the search space definition. 
2.1
NB-IoT scheduling window
NB-IoT needs to support NB-PDCCH and NB-PDSCH of different CE level UEs been multiplexed in one NB carrier. Because of that, the high number of repetitions for NB-PDSCHs for large coverage enhancement UEs incurs very high NB-PDCCH blocking rate for normal and small coverage enhancement UEs. To avoid this issue, it is proposed to configure different set of subframes for NB-PDCCH and NB-PDSCH. Then the repetition of one channel does not impact the transmission of the other channel. 

The configuration of subframes for NB-PDCCH and NB-PDSCH can be in a certain time period, which is called a scheduling window. NB-PDCCH and NB-PDSCH are multiplexed in the scheduling window by TDM. The configuration of the scheduling window includes the starting subframe and periodicity. 
Proposal 1: NB-PDCCH and NB-PDSCH are multiplexed in a scheduling window using TDM. 
Besides, if NB-IoT follows the USS starting subframe determination schemes in eMTC, the large number of NB-PDCCH repetition for large coverage enhancement UEs might incur high blocking rate for normal and small coverage enhancement UEs. To avoid this issue, it is proposed that multiple control regions and multiple data regions can be configured in a scheduling window, so that each control region and data region can be corresponding to the transmission for one (or more, based on configuration) specific coverage requirement UEs. 
Fig.1 shows one example, where there are two cell specific control regions C1, C2 and two data regions D1, D2 in each scheduling window, each with different sizes. eNB can allocate an NB-IoT UE1 in one control region, for example C1, then UE1 will detect control channel only in C1 in each scheduling window. Another UE2 with different CE level would be allocated to C2. The data region(s) for UE detection depends on eNB scheduling. From UE1 point of view, it can take the other control region, i.e., C2 also as data region. This enables data transmission in C2 for UE1, when there is no control information transmitted in C2. In this sense, the scheduling window could be UE specific configured. The data regions used for NB-PDSCH transmission are based on eNB scheduling. We give the detailed description in our companion contribution [1]. 
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Fig.1 Time division multiplexed search space for different CE level UEs

Based on these analysis, we propose,

Proposal 2: Different coverage requirement UEs can be configured to camp on different control region in the scheduling window.
2.2
Starting subframe determination

For a UE that is configured to camp on a specific control region, the UE specific search space is defined in the camped region. The starting subframe determination for USS can follow the eMTC scheme through the configured Rmax and the parameter G. The Rmax subframes shall be the ones in the configured control region. Due to only one PRB available for NB-IoT plus the supported higher MCL, the Rmax for USS for NB-IoT might be larger than the Rmax values defined for eMTC. The set of values for G factor can reuse the legacy values. Similar mechanism can be applied for the starting subframe determination for common search space.
Alternatively, the starting subframe could be determined by a period and an offset, where the period is multiple times of length of scheduling window. This one however, needs additional standard impact. Since legacy eMTC schemes works well in NB-IoT, it is preferred to reuse it for NB-IoT USS and CSS starting subframe determination to reduce the standard effort.
Proposal 3: The starting subframe determination for NB-IoT USS and CSS in the configured control region follows the legacy eMTC scheme through the configured Rmax and the parameter G. 
2.3
Search space

It was agreed in RAN1 email discussion that for NB-PDCCH UE-specific search space
· UE monitors one of the following sets of {AL, #repetition, #blind decodes}:
· {1, 1, 2}, {2, 1, 1}                                                                                 for Rmax = 1
· {1, 1, 2}, {2, 1, 1}, {2, 2, 1}                                                                for Rmax = 2
· {2, 1, 1}, {2, 2, 1}, {2, 4, 1}                                                                 for Rmax = 4
· {2, Rmax /8, 1}, {2, Rmax /4, 1}, {2, Rmax /2, 1}, {2, Rmax, 1}        for Rmax >= 8
· For an NB-PDCCH candidate with number of repetitions Ri, UE needs to blind decode every Ri valid subframes from the start of the search space to the end of the search space.
·  The duration of a search space is Rmax valid subframes
For NB-PDCCH common search space for RAR/Msg3 retransmission/Msg4, it was agreed in RAN1 email discussion that,
· UE monitors one of the following sets of {AL, #repetition, #blind decodes}:

· {2, 1, 1}                                                                                                 for Rmax = 1

· {2, 1, 1}, {2, 2, 1}                                                                                for Rmax = 2

· {2, 1, 1}, {2, 2, 1}, {2, 4, 1}                                                              for Rmax = 4

· {2, Rmax /8, 1}, {2, Rmax /4, 1}, {2, Rmax /2, 1}, {2, Rmax, 1}     for Rmax >= 8

· For an NB-PDCCH candidate with number of repetitions Ri, UE needs to blind decode every Ri valid subframes from the start of the search space to the end of the search space.
· The duration of a search space is Rmax valid subframes
These set of {AL, #repetition, #blind decodes} for both USS and CSS for RAR/Msg3 retransmission/Msg4 fulfills the NB-PDCCH blind decoding requirement per each subframe. Besides, as in legacy scheme, by having the UE blind decode every Ri valid subframes from the start of the search space to the end of the search space, a certain level of scheduling flexibility is achieved in NB-IoT, which can actually save the power during the NB-PDCCH detection, since UE do not need to wait a wait and wake up more time for an scheduling opportunity.
For NB-PDCCH common search space for paging, it is preferred to reuse the design in LTE eMTC, that is
· For an NB-PDCCH candidate with number of repetitions Ri, UE needs to blind decode the first Ri valid subframes from the start of the search space.
· The duration of a search space is Rmax_paging valid subframes. 
· The parameter Rmax,paging is cell specific and broadcasted in NB-SIB.
Proposal 4: Confirm the agreements in RAN1 email discussion on USS and CSS design for RAR/Msg3 retransmission/Msg4. 
3
Conclusion
We have the following proposals on NB-PDCCH design –
Proposal 1: NB-PDCCH and NB-PDSCH are multiplexed in scheduling window using TDM.
Proposal 2: Different coverage requirement UEs can be configured to camp on different control region in the scheduling window.
Proposal 3: The starting subframe determination for NB-IoT USS and CSS in the configured control region follows the legacy eMTC scheme through the configured Rmax and the parameter G.
Proposal 4: Confirm the agreements in RAN1 email discussion on USS and CSS design for RAR/Msg3 retransmission/Msg4.
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