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Discussion/Decision
1
Introduction
In RAN1 #84, the followings have been agreed for NB-PDCCH [1]:

Agreements:
· DL and UL scheduling delays are indicated in DCI

· number of delay values that can be signalled for the UL scheduling delay is less than the number of values for the DL 

· FFS the number of values and the sets of values
· 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 signalling 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

The followings are additionally approved as a result of e-mail discussion [84-6]:

         For NB-PDCCH UE-specific search space: 
·         UE monitors one of the following sets of {AL, #repetition, #blind decodes}:
o   {1, 1, 2}, {2, 1, 1}                                                                           for Rmax = 1

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

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

o   {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:

·         UE monitors one of the following sets of {AL, #repetition, #blind decodes}:
o   {2, 1, 1}                                                                                            for Rmax = 1

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

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

o   {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.
In this contribution, we discuss on further details of NB-PDCCH.
2
NB-PDCCH design
An NB-PDCCH search space is determined with a maximum repetition number Rmax, where NB-PDCCH candidates with a set of repetition numbers are monitored by a UE. Since the frequency resource is limited to support maximum 2 CCEs, a large number of NB-PDCCH/NB-PDSCH repetitions are likely being used for an NB-IoT UE and which may block the scheduling of other NB-IoT UEs in the repetition window. Given that NB-IoT UEs are delay tolerant, the blocking may not be an issue but the battery consumption from monitoring NB-PDCCH search spaces needs to be minimized as much as possible.
In order to reduce the blind decoding complexity as well as battery consumption, the NB-PDCCH search spaces may be limited to a subset of cycles. The subframe of NB-PDCCH search space may start every N x Rmax subframes, where N may be configured in a UE-specific manner.

Proposal-1: a subset of subframes are only monitored to reduce the blind decoding complexity, the search space may start every N x Rmax subframes
A fixed timing rule between the end subframe of downlink control channel repetition and starting subframe of data channel repetition has been used for eMTC, thus an indicator for the M-PDCCH repetition number has been signaled in the associated DCI.
An additional indication of starting subframe of NB-PDSCH on top of the repetition number of NB-PDCCH may provide a higher scheduling flexibility as well as reduced NB-PDCCH blind decoding complexity with a longer NB-PDCCH search space cycle. Although it may increase the signaling overhead in DCI, the additional few bits may not harm the coverage of NB-PDCCH significantly.
Proposal-2: a starting subframe of NB-PDSCH from the end subframe of NB-PDCCH is indicated in the associated DCI for at least NB-PDCCH USS 

The NB-PDCCH search spaces for USS and type-0 CSS (e.g., for RAR/msg4) have been designed with a relatively small dynamic range (e.g., 9dB) as it can be configured per coverage level so that the scheduling flexibility is increased with reduced blind decoding complexity. However, the type-1 CSS (e.g., for paging) should be shared by UEs with different coverage levels as agreed in RAN2 that the NB-PDCCH search space for paging will be purely based on the paging occasion (PO) determination irrespective of the UE coverage level. Also, it should be supported that an eNB may be able to change the coverage level of paging transmission for a UE in each transmission. Therefore, the type-1 CSS for paging should include all supporting CE levels within the search space.

The blind decoding complexity may be handled at the UE receiver by implementation with early termination if the UE received NB-PDCCH candidates within the range of the UE coverage level.

Proposal-3: the CSS for paging should include all supporting CE levels within the search space
It has been agreed that the NB-PSS/SSS, NB-PBCH, and NB-SIBs are transmitted in a same PRB-pair (e.g., anchor PRB). Since power boosting and frequency diversity gain are limited in in-band operation mode, larger number of repetitions for the downlink channels are required, thus resulting in very limited the resources in anchor PRB for other transmissions.
In order to address the resource shortage issues in the anchor PRB, multiple narrowbands should be supported. The multiple narrowbands configuration for type-0/1 CSS can be configured in a broadcasting signal (e.g., SIBx).
Proposal-4: multiple narrowbands are supported for common search spaces
3
Conclusion
In this contribution, we discussed on the NB-PDCCH design. From the discussions, we propose followings: 
Proposal-1: a subset of subframes are only monitored to reduce the blind decoding complexity, the search space may start every N x Rmax subframes

Proposal-2: a starting subframe of NB-PDSCH from the end subframe of NB-PDCCH is indicated in the associated DCI for at least NB-PDCCH USS 

Proposal-3: the CSS for paging should include all supporting CE levels within the search space
Proposal-4: multiple narrowbands are supported for common search spaces
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