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1 Introduction

At the RAN1#84 meeting, the following was agreed related to NB-PDCCH search spaces [1]:

· 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

· UE is not required to monitor more than:

· 3 NB-PDCCH blind decoding candidates in any subframe when there is no NB-PDCCH repetition, and 

· 4 NB-PDCCH blind decoding candidates in any subframe when there is NB-PDCCH repetition of any of the candidates in the subframe

Further, good progress was made during the email discussion on NB-PDCCH search spaces for USS and CSS for Random Access following RAN1 #84 meeting [2]:
· 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:
· 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.

Regarding the design of CSS for paging, RAN1 is currently discussing the following [2]:

· For CSS for paging:
· For an NB-PDCCH candidate with number of repetitions Ri, UE needs to monitor a single candidate which starts at the beginning of the search space.
· The parameter Rmax,paging is cell specific and broadcasted in NB-SIB.
· The following CSS search space candidates are defined for the possible Rmax,paging values:
· Rmax,paging  =>  CSS search space candidates
· [ 4096  =>  {2  16 64 256 512 1024 2048 4096}  ] 

· [  2048 =>   {2  16 64 128 256 512 1024 2048} ] 

· 1024 =>    {2  8 32 64 128 256 512 1024} 

· 512 =>      {1 4 16 32 64 128 256 512} 

· 256 =>     {1 4  8  16 32 64 128 256} 

· 128 =>     {1 2 4 8 16 32 64 128} 

· 64 =>     {1 2 4 8 16 32 64}

· 32 =>       {1 2 4 8 16 32} 

·  [ 16 =>       {1 2 4 8 16} ] 

·  [  8 =>       {1  2  4 8} ] 

·  [  4  =>     {1  2  4 } ] 

·  [  2 =>       {1  2 } ] 

· [  1  =>     {1  } ]

In this contribution, we share our views on some of the remaining details of search space design for NB-PDCCH. Our views on the remaining details of physical layer processing for NB-PDCCH and DCI design options are presented in [3], while we present some solutions on the general topic of DL multiplexing via TDM in [4].
2 NB-PDCCH Search Space Monitoring: CSS and USS
It was agreed that an NB-IoT UE is not expected to monitor USS and CSS simultaneously. Thus, certain prioritization rules may need to be defined in case of time-domain collisions between different search spaces. In RRC Connected mode, the UE may need to monitor CSS for random access in case it transmits NB-PRACH.
Since monitoring of CSS for random access ensues upon transmission of NB-PRACH, the UE should prioritize monitoring of CSS of RAR over USS monitoring in RRC Connected mode, e.g., when it may have transmitted NB-PRACH to request for UL grant as a scheduling request mechanism. This is also consistent with the behavior for multi-carrier operation (MCO) whereby the UE would be expected to monitor the CSS for random access on the NB-IoT carrier with NB-PSS/SSS/PBCH/SIB transmissions instead of the USS on an additional NB-IoT carrier, in case it transmits NB-PRACH. 
Note that, when in RRC Idle mode, due to both CSS for paging and CSS for random access are in the same carrier, it can be expected that time-domain collisions between these two search spaces would be avoided by proper eNodeB scheduling.

Proposal 1:

· A UE prioritizes monitoring of CSS for random access upon transmission of NB-PRACH when in RRC CONNECTED mode.
3 Remaining details of Search Spaces for NB-PDCCH
One of the open aspects is the starting subframe configuration for the USS and CSS for random access. 

Towards this, dedicated RRC signaling can be used to configure the starting subframe of the USS in terms of the radio frame number and subframe number. This can be provided to the UE as part of the USS configuration. Similar to the design adopted in Rel-13 eMTC, the period of the starting subframe for the USS can be longer than the maximum repetition level (Rmax) to be monitored for an NB-PDCCH candidate in the USS. Multiple instances of USS may occur until next occurrence of starting subframe for USS to provide additional scheduling opportunities. The gap between the end of a search space and the beginning of the next one should either be fixed or configured as part of the USS configuration. However, the following existing working assumption (discussed further in [5]), the gap should at least be 4ms-long.
Similarly, the starting subframe for the CSS for random access can be signaled via the NB-SIB transmission. 

For CSS for paging, the starting subframe of the CSS should be aligned with the paging occasion (PO). 

In order to support discontinuous time-domain resource mapping at the subframe-level, SIB signaling can be used to indicate in a cell-specific manner, the available subframes for CSS for random access. As discussed in [6], for CSS paging, it may be beneficial for UE power consumption reduction in Idle mode to prioritize paging transmission over unicast scheduling use all cell-specifically available subframes (i.e., subframes other than MBSFN subframes, NB-PSS/SSS/PBCH/SIB subframes) and not introduce additional discontinuity in the transmission of the repetitions of the NB-PDCCH for paging. 
Proposal 2:

· Dedicated RRC signaling is used to configure the starting subframe of the USS in terms of the radio frame number and subframe number for USS.
· NB-SIB signaling is used to configure the starting subframe of the USS in terms of the radio frame number and subframe number for CSS for random access.
· The starting subframe of the CSS for paging is aligned with the paging occasion. 

Further, for the details of the design for CSS-paging, we agree with the proposals quoted in the Introduction section (reproduced below): 

· For CSS for paging:

· For an NB-PDCCH candidate with number of repetitions Ri, UE needs to monitor a single candidate which starts at the beginning of the search space.
· The parameter Rmax,paging is cell specific and broadcasted in NB-SIB.
· The following CSS search space candidates are defined for the possible Rmax,paging values:
· Rmax,paging  =>  CSS search space candidates
· [ 4096  =>  {2  16 64 256 512 1024 2048 4096}  ] 

· [  2048 =>   {2  16 64 128 256 512 1024 2048} ] 

· 1024 =>    {2  8 32 64 128 256 512 1024} 

· 512 =>      {1 4 16 32 64 128 256 512} 

· 256 =>     {1 4  8  16 32 64 128 256} 

· 128 =>     {1 2 4 8 16 32 64 128} 

· 64 =>     {1 2 4 8 16 32 64}

· 32 =>       {1 2 4 8 16 32} 

·  [ 16 =>       {1 2 4 8 16} ] 

·  [  8 =>       {1  2  4 8} ] 

·  [  4  =>     {1  2  4 } ] 

·  [  2 =>       {1  2 } ] 
· [  1  =>     {1  } ]
Further, regarding the supported values of Rmax,paging that is currently under discussion, we think the largest values of Rmax,paging = 4096 or at least = 2048 should be supported in consideration of in-band operation with 20 MHz system BW. Additionally, another value should be Rmax,paging = 4 so as to cover one of the small repetitions case to provide flexibility in adjusting the maximum number of repetitions depending on the deployment and the targeted coverage level. Over-provisioning of the maximum repetition level in such cases may lead to unnecessary UE power consumption as, for certain cases, the UE may be monitoring CSS-paging according to the worst case coverage condition assumption.
Lastly, defining the monitoring of the CSS for paging based on the cell-specific valid DL subframes (i.e., subframes other than MBSFN subframes, NB-PSS/SSS/PBCH/SIB subframes) should be specified.

Proposal 3:

· Agree on the proposals listed as part of the RAN1 email discussion on CSS for paging.

· At least one of Rmax,paging = 4096 or Rmax,paging = 2048 should be considered for inclusion in the set of search spaces.

· Additionally, include Rmax,paging = 4 also in the list of search spaces for CSS for paging.

4 Conclusions

In this contribution, we presented our views on some of the remaining details of search space design for NB-PDCCH. Our views are summarized via the following proposals:

Proposal 1:

· A UE prioritizes monitoring of CSS for random access upon transmission of NB-PRACH when in RRC CONNECTED mode.
Proposal 2:

· Dedicated RRC signaling is used to configure the starting subframe of the USS in terms of the radio frame number and subframe number for USS.

· NB-SIB signaling is used to configure the starting subframe of the USS in terms of the radio frame number and subframe number for CSS for random access.

· The starting subframe of the CSS for paging is aligned with the paging occasion. 

Proposal 3:

· Agree on the proposals listed as part of the RAN1 email discussion on CSS for paging.

· At least one of Rmax,paging = 4096 or Rmax,paging = 2048 should be considered for inclusion in the set of search spaces.

· Additionally, include Rmax,paging = 4 also in the list of search spaces for CSS for paging.
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