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1 Introduction

For paging for NB-IoT, RAN1 made the following agreements at RAN1 #84 meeting [1]:
· CSS is defined for RAR (as well as paging)

· NB-PDSCH for paging is always scheduled by a control channel

Further, at the 2nd RAN1 ad-hoc meeting on NB-IoT, the following were agreed [2]:

· System information change
· Agree DCI format N2 for the flag = 0 case in R1-161561 (Latest 36.212 CR)

· FFS: details on flag = 1 case

· Multiplexing of paging records within one RRC paging message is supported by physical layer

· Subframes for scheduling paging transmission is not available for subframes 0 and 5

· Starting Subframe of Paging CSS

· Use the same mechanism to define {PF, PO} for paging CSS for inband, standalone, and guard band operations

· Starting subframe of paging CSS is determined by (PF, PO)

· Starting subframe of paging CSS is further determined by the following: 

· Use the existing PO paging subframe pattern 

· If the subframe SF0 determined by {PF, PO} is a valid DL subframe, then the subframe SF0 is the starting subframe of the paging CSS. 

· If the subframe SF0 determined by {PF, PO} is NOT a valid DL subframe, then the first valid DL subframe after SF0 is the starting subframe of the paging CSS 

· Valid DL subframe above refers to subframes NOT occupied by NPBCH, NPSS, NSSS and NSIB1 and not indicated as invalid in SIB1
· FFS whether and how subframes can be indicated as invalid 

· Note that this definition of valid is specific for the context of this agreement.

	Ns 
	PO when i_s=0
	PO when i_s=1 
	PO when i_s=2 
	PO when i_s=2 

	1
	9
	N/A
	N/A
	N/A

	2
	4
	9
	N/A
	N/A

	4
	0
	4
	5
	9


In this contribution, we share our views on the remaining details of paging transmissions in NB-IoT systems.
2 Handling of invalid DL subframes for paging
For the transmission of paging, it has been agreed to reuse the eMTC concept of defining a common search space (CSS) for paging (CSS-paging) that the UE monitors for potential paging messages. Therefore the starting subframe of the CSS-paging is defined by the PF/PO calculation following LTE definitions. 

As quoted in the Introduction section, RAN1 agreed that if the first subframe of the NB-PDCCH candidate for paging in the CSS-paging is not a valid DL subframe, then the starting subframe (defining the PO) is postponed to the next available valid DL subframe. Here, “valid DL subframe” indicates subframes not used to transmit NB-PBCH, NB-PSS, NB-SSS, and NB-SIB1 and also, those subframes that are not identified as (cell-specific) invalid DL subframes. 

In our view, following Rel-13 eMTC specifications, such configuration of cell-specific valid subframes should be provided via NB-SIB1, while the NB-SIB1 transmissions are always restricted to cell-specific valid DL subframe (i.e., subframe #4 of alternate radio frames may be used for NB-SIB1 transmissions). Again, similar to Rel-13 eMTC specifications, this can be indicated using a 10-bit or 40-bit bitmap. This signaling is necessary at least for in-band mode of operation, but may not be needed for certain operation modes. Thus, in case such a cell-specific DL subframe configuration is not provided (e.g., in stand-alone mode of operation), the UE may assume all DL subframes as cell-specifically valid. 
Note that the cell-specific valid DL subframe configuration includes the DL subframes used for transmission of NB-PBCH, NB-PSS, NB-SSS, and NB-SIB1. The UE would know these specific subframes and can assume appropriate rate-matching (postponing) of the DL transmissions otherwise occurring on these subframes for narrowband carriers with NB-PSS/NB-SSS/NB-PBCH/NB-SIB transmissions.
Consequently, the starting subframe defining the paging occasion (PO) should also not use any subframe configured as invalid DL subframe via the cell-specific valid DL subframe configuration provided by NB-SIB1. Similar to the handling of subframes carrying NB-PBCH, NB-PSS, NB-SSS, and NB-SIB1, transmissions related to paging in any cell-specific invalid subframes should be postponed to the next available valid DL subframe.

Proposal 1

· Configuration of cell-specific valid DL subframes may be provided using a 10-bit or 40-bit bitmap 
· In case the cell-specific valid DL subframe configuration is not provided, the UE can assume all DL subframes as valid from a cell-specific perspective
· Any paging transmissions (NB-PDCCH or NB-PDSCH, and including the starting of the CSS for paging) occurring on cell-specific invalid subframes or subframes carrying NB-PSS/SSS/PBCH/SIB1 are postponed to the next available DL valid subframe.
Compared to the case of RAR or unicast transmissions, for paging, since AL=2 is always assumed for NB-PDCCH for paging (hence, no FDM of two NB-PDCCH transmissions carrying DL assignments) and since it is most important that NB-IoT UEs can read the NB-PDCCH to check for scheduling of paging record and go back to sleep, at least for the transmission of NB-PDCCH for paging, DL gaps may not be needed. Details of configuration and handling of DL gaps are discussed in our companion contribution [3].

Also, as already agreed, there is no indication of any additional delay beyond 4ms between the last subframe of the NB-PDCCH and the first subframe of the NB-PDSCH, except when the first subframe of the NB-PDSCH carrying the paging record falls on a cell-specific invalid DL subframe or a DL subframe carrying NB-PSS/SSS/PBCH/SIB1 transmission.

Both of the above can be seen as means to prioritize the paging transmission to NB-IoT UEs over CONNECTED mode transmissions in order to minimize the impact on UE power consumption during IDLE mode operation.

3 Handling of Flag = TRUE case

For Rel-13 eMTC, it was specified that when the field Flag in DCI format 6-2 indicating scheduling of paging messages is set to TRUE, then the SI update, ETWS, CMAS related information is carried in the paging message along with the paging records in the PDSCH. However, it has been proposed in RAN1 and RAN2 that for NB-IoT, the SI update information is provided in the DCI format N2 itself, irrespective of Flag being FALSE or TRUE. 

From the UE’s perspective, there is little benefit in diverging from the eMTC principle since the UE, upon detection of a DCI format N2 with Flag = TRUE, would need to receive the associated NB-PDSCH in case there is a paging message for the UE. Thus, it does not provide any additional benefit from UE power consumption perspective. 

On the other hand, it is likely that more than a single bit would be reserved for indication of the SI update information and any other future use cases considering forward compatibility. Thus, the number of bits may be more than just a single bit (for Rel-13 eMTC, 8 bits are specified for the purpose of direct indication) that would add on top of the NB-PDSCH scheduling information and the number of repetitions for NB-PDCCH. 
Note that the size of DCI format N2 is expected to be larger for the case of Flag = TRUE than when Flag = FALSE, and direct indication of SI update and other information even for Flag = TRUE cases would imply an increased size of the DCI. However, as discussed in Section 2, it is imperative that the size of DCI format N2 is kept as small as possible in order to help reduce the UE power consumption in IDLE mode by reducing the number of repetitions needed to transmit the NB-PDCCH.
Following the above discussion, we propose the following:

Proposal 2
· Optimization of the DCI size for DCI format N2 should be considered towards minimizing UE power consumption.

· In the DCI format N2, when the field ‘Flag’ is set to TRUE, then any indication of SI update (such as systemInfoModification) or other information is carried in the NB-PDSCH along with the paging records.
4 On the avoidance of false detection of paging and paging collisions
It has been pointed out in [4] that due to the lack of frequency domain multiplexing opportunities for NB-IoT DL, especially for paging, there may be situations wherein a certain number of repetitions of an NB-PDCCH carrying scheduling of paging information crosses beyond the next occurrence(s) of subsequent POs, if the POs are not sufficiently spaced apart. In such cases, it may be possible that another UE, intending to monitor a subsequent PO, may successfully decode the NB-PDCCH corresponding to the earlier paging instance (for other UEs), and subsequently attempt to decode the associated NB-PDSCH. Further, since the UE’s notion of the starting subframe of the detected NB-PDCCH would be different from the actual starting subframe, this second UE would actually even monitor for the paging NB-PDSCH on the wrong set of subframes (since the starting subframe of the associated NB-PDSCH is at a fixed offset from the last subframe of the NB-PDCCH). This can lead to some inefficiency and additional power consumption for the UE and it has been proposed to apply a bit-level scrambling of the NB-PDCCH in CSS for paging that is a function of at least the PO (e.g., the absolute subframe number corresponding to the PO). 
However, there may be additional issues from the network perspective if one set of NB-PDCCH repetitions may frequently cross over multiple subsequent POs. Specifically, if the different POs are not placed sufficiently apart in time, then there may be collisions between transmissions of the NB-PDCCH in the CSS for paging, e.g., when the NB-PDCCH is transmitted without any associated paging records and with only direct indication of SI update, etc. In this case, the eNodeB would need to transmit the paging NB-PDCCH (with Flag = FALSE if there is no paging record to be transmitted) on all paging occasions. If this is not assured, then the eNodeB would be forced to skip transmissions corresponding to certain POs and defer the transmission of the paging NB-PDCCH with the SI update indication to the next occurrence, resulting in a significant delay in the SI update information acquisition. Another constraint due to such crossover of the NB-PDCCH repetitions beyond subsequent POs could result in the inability to have sufficient opportunities to page different UEs within a single Paging Time Window (PTW) for UEs in extended DRX with PTW configured.
Therefore, it may be worthy of further discussions (in RAN1 and RAN2 WGs) as to the impact from potential crossover of NB-PDCCH repetitions beyond subsequent POs, not only on UE power consumption from false detection of paging, but also on network flexibility in terms of available paging opportunities.  
Observation 1
·  It is recommended to discuss further the impact from overlapping NB-PDCCH transmissions for paging and adopt suitable solutions to reduce UE power consumption from false paging detection as well as restrictions on paging opportunities from the eNodeB’s perspective.
5 Conclusions

In this contribution, we presented our views on the remaining details of paging transmissions in NB-IoT systems. Our views are summarized via the following proposals and an observation:
Proposal 1

· Configuration of cell-specific valid DL subframes may be provided using a 10-bit or 40-bit bitmap
· In case the cell-specific valid DL subframe configuration is not provided, the UE can assume all DL subframes as valid from a cell-specific perspective
· Any paging transmissions (NB-PDCCH or NB-PDSCH, and including the starting of the CSS for paging) otherwise occurring on cell-specific invalid subframes or subframes carrying NB-PSS/SSS/PBCH/SIB1 are postponed to the next available DL valid subframe.
Proposal 2
· Optimization of the DCI size for DCI format N2 should be considered towards minimizing UE power consumption.

· In the DCI format N2, when the field ‘Flag’ is set to TRUE, then any indication of SI update or other information is carried in the NB-PDSCH along with the paging records.
Observation 1
· It is recommended to discuss further the impact from overlapping NB-PDCCH transmissions for paging and adopt suitable solutions to reduce UE power consumption from false paging detection and restrictions on paging opportunities from the eNodeB’s perspective.
References

[1] Chairman’s notes, RAN1 #84, St. Julian’s, Malta, February 2016.

[2] Chairman’s notes, RAN1 NB-IoT Ad-hoc #2, Sophia Antipolis, France, March 2016.
[3] R1-162973, “DL gaps and remaining details of timing relationships for NB-IoT,” Intel Corporation, RAN1 #84bis, Busan, Korea, April 2016.

[4] R1-161935, “System information and paging,” Qualcomm, RAN1 NB-IoT Ad-hoc #2, Sophia Antipolis, France, March 2016.

Page 4 of 4

