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1 Introduction

At the RAN1 #84 meeting, the following was agreed for NB-SIB1 transmissions [1]:

· The same TB for NB-SIB1 is transmitted over 8 subframes

· NB-SIB1 is transmitted in one subframe of every other frame in 16 continuous frames

· Period of NB-SIB1 is not more than 512 radio frames, and choose one of the following alternatives:

· Alt 1. 256 radio frames, with repetitions {4,8,16}

· Alt 2. 512 radio frames, with repetitions {8, 16, 32}

· The subframes which are used are fixed in specification

· The repetitions of NB-SIB1 are equally spaced in time during the period of NB-SIB1

· The NB-SIB1 modification period is FFS (revisit later this week)

· NB-MIB indicates the TBS of NB-SIB1, where the number of different TB sizes for NB-SIB1 transmission is 4.
Additionally, as part of the email discussion following RAN1 #84 meeting [2], further agreements and a working assumption were made on NB-SIB1 transmsissions:

· Subframe #4 is used for NB-SIB1 transmission within each radio frame transmitting NB-SIB1.

· The period of NB-SIB1 is 256 radio frames, with repetitions {4,8,16}
· [Working assumption] The NB-SIB1 modification period is 40.96s
· FFS: The radio frame mapping pattern is determined by PCID and the detailed rule is for further discussion

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

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

In this contribution, we share our views on the outstanding details of NB-SIB1 and paging transmissions in NB-IoT systems.
2 SIB transmissions for NB-IoT
RAN2 WG agreed that, following the Rel-13 eMTC principle, SI messages in NB-IoT systems are transmitted without dynamic scheduling. Further, at the RAN1 NB-IoT ad-hoc meeting [3], it was agreed that SIB1 scheduling information would be carried by the NB-MIB. Thus, the NB-MIB carries scheduling information for the SIB1 and, subsequently, the SIB1 provides scheduling information for the following SI messages.

Based on the agreements made already and following the method specified for Rel-13 eMTC, the indication of the resource allocation information for NB-SIB1 can be provided in the NB-MIB using a jointly coded 4-bit field as shown in Table 1.
Table 1. The 4-bit field in the NB-MIB points to an index in the table below to indicate the NB-SIB1 TBS and # of configured repetitions within the NB-SIB1 period

	Value
	TBS
	# of repetitions of NB-SIB1 (RNB-SIB1)

	0
	TBS1
	4

	1
	TBS1
	8

	2
	TBS1
	16

	3
	TBS2
	4

	4
	TBS2
	8

	5
	TBS2
	16

	6
	TBS3
	4

	7
	TBS3
	8

	8
	TBS3
	16

	9
	TBS4
	4

	10
	TBS4
	8

	11
	TBS4
	16

	12-16
	Reserved


Further, the duration over which the UE may assume the NB-SIB1 to not change (i.e., the modification period for NB-SIB1) should be specified considering the maximum number of repetitions that may be needed for a UE in worst coverage to acquire the NB-SIB1. Following RAN1 email discussions on this topic, it was agreed to make a working assumption on the modification period of 40.96 seconds based on the assumption that at least 2 bits of the Hyper-SFN would be indicated via the NB-MIB.
In our view, this choice of modification period is necessary in order to ensure that the UE can receive sufficient number of copies of the NB-SIB1 transport block, especially considering larger NB-SIB1 TBs and in-band mode of operation with limited power boosting and reduced number of available REs.
Proposal 1:
· A 4-bit field in the NB-MIB is used to jointly indicate the TBS value and the number of repetitions within a period.

· Unless any issues are identified by RAN2 WG, the working assumption that the NB-SIB1 modification period is 40.96 seconds should be confirmed.
One further open issue is regarding the radio frame mapping pattern that is determined as a function of PCID for which the following options and alternatives were identified [Source: Huawei] during the email discussion [2]:
· Level 1: repetition level shift within each NB-SIB1 period (256s). Each repetition (a whole block of contiguous 16 radio frames) shifts according to the PCID.
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· Level 2: radio frame level shift within each repetition (16s). Transmissions of NB-SIB1 within each repetition are shifted between the odd and even radio frames according to the PCID.
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Clearly, for the case of 16 repetitions, only “Level 2” based can be supported, while for the cases with 4 and 8 repetitions, “Level 1” based mapping can also be possible.
Further, three alternatives as listed below were summarized during the email discussion [2]:

Alt-1: 
· For RNB-SIB1=4 and RNB-SIB1=8, level-1 shift is applied. 
· For RNB-SIB1=16, level-2 shift is applied.
	RNB-SIB1
	PCID
	Starting radio frame number for NB-SIB1 repetitions

	4
	PCID mod 4 = 0
	SFN mod 256 = 0

	
	PCID mod 4 = 1
	SFN mod 256 = 16

	
	PCID mod 4 = 2
	SFN mod 256 = 32

	
	PCID mod 4 = 3
	SFN mod 256 = 48

	8
	PCID mod 2 = 0
	SFN mod 256 = 0

	
	PCID mod 2 = 1
	SFN mod 256 = 16

	16
	PCID mod 2 = 0
	SFN mod 256 = 0

	
	PCID mod 2 = 1
	SFN mod 256 = 1


Alt-2: 
· For RNB-SIB1=4 and RNB-SIB1=8, level-1 shift and level-2 shift are simultaneously applied for the same cell. 
· For RNB-SIB1=16, level-2 shift is applied.
	RNB-SIB1
	PCID
	Starting radio frame number for NB-SIB1 repetitions

	4
	PCID mod 4 = 0
	SFN mod 256 = 0

	
	PCID mod 4 = 1
	SFN mod 256 = 17

	
	PCID mod 4 = 2
	SFN mod 256 = 32

	
	PCID mod 4 = 3
	SFN mod 256 = 49

	8
	PCID mod 2 = 0
	SFN mod 256 = 0

	
	PCID mod 2 = 1
	SFN mod 256 = 17

	16
	PCID mod 2 = 0
	SFN mod 256 = 0

	
	PCID mod 2 = 1
	SFN mod 256 = 1


Alt-3:
· For RNB-SIB1=4 and RNB-SIB1=8, level-1 shift and level-2 shift are applied for different cells. 
· For RNB-SIB1=16, level-2 shift is applied
	RNB-SIB1
	PCID
	Starting radio frame number for NB-SIB1 repetitions

	4
	PCID mod 8 = 0
	SFN mod 256 = 0

	
	PCID mod 8 = 1
	SFN mod 256 = 1

	
	PCID mod 8 = 2
	SFN mod 256 = 16

	
	PCID mod 8 = 3
	SFN mod 256 = 17

	
	PCID mod 8 = 4
	SFN mod 256 = 32

	
	PCID mod 8 = 5
	SFN mod 256 = 33

	
	PCID mod 8 = 6
	SFN mod 256 = 48

	
	PCID mod 8 = 7
	SFN mod 256 = 49

	8
	PCID mod 4 = 0
	SFN mod 256 = 0

	
	PCID mod 4 = 1
	SFN mod 256 = 1

	
	PCID mod 4 = 2
	SFN mod 256 = 16

	
	PCID mod 4 = 3
	SFN mod 256 = 17

	16
	PCID mod 2 = 0
	SFN mod 256 = 0

	
	PCID mod 2 = 1
	SFN mod 256 = 1


Alt-1 is the simplest approach. 
Between Alt-1 and Alt-2, Alt-1 is preferred since the benefits from applying both levels of shifts as in Alt-2 is unclear. The performance should be the same between these two alternatives. 
On the other hand, Alt-3 can provide higher re-use factor for small number of repetitions. This could be beneficial since small number of repetitions may be used by the network to cover smaller cells, for which case there may be gains from a higher reuse. However, the cost of this is that every radio frame will carry NB-SIB1 from some cell and thus, there would now be interference between NB-SIB1 and NB-PDCCH/NB-PDSCH in every subframe #4 of a radio frame. Also, the actual gains from the higher reuse factor of 8 would also depend on the extent of optimized cell ID planning. 
Hence, considering the above, we have a slight preference to go with the simplest alternative, viz., Alt-1. 
Proposal 2:

· For PCID-based time-domain interference randomization, Alt-1 (i.e., Level 1 shifting for repetitions 4 and 8, and Level 2 shifting for repetitions 16) is slightly preferred.
3 Paging for NB-IoT

For paging transmissions, it may be possible to identify the UEs that may be stationary vs. those that cannot be assumed to be stationary. 

For the former class of UEs, the coverage class can be assumed to be semi-static and hence may be known by the eNodeB and hence, this UE may be configured and/or indicated by the network to use specific coverage level; therefore, the UE does not try to reselect to other cells while in idle mode, assuming that it could always camp and receive paging in the cell in which it was previously connected. On the other hand, if there is any un-expected change of condition, it would be acceptable that this UE cannot be paged for certain time e.g. until it connects back for UL data transmission or for periodic TAU. These UEs with fixed location when in idle mode, may check for paging using only the stored coverage level (i.e. as UE may not need to check for its current coverage level).
For the second class of UEs with no fixed location, the coverage class may change and hence, when a UE is in idle mode, the network does not know which is its coverage level or the cell in which the UE camps. In addition, the UE might search/measure neighbouring cells, when needed, trying to camp in the best cell. This dynamic coverage level could be understood as the default configuration. In this case, the paging mechanism may be similar to that defined for Rel-13 eMTC, but the exact coverage level to assume while paging a UE would be up to eNodeB implementation. 

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. The starting subframe of the CSS-paging is defined by the PO. 

The UE would know the maximum repetition level from the configuration of the CSS-paging. Thereafter, the UE either determines the number of repetitions for the NB-PDCCH scheduling the paging message based on its stored coverage class, or, it may try to receive the paging scheduling based on its current coverage class but with the knowledge that the eNodeB may transmit the paging assuming the last-known coverage condition of the UE at the network side.

Compared to the case of RAR or unicast transmissions, for paging, since AL=2 is always assumed 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, discontinuous transmissions beyond the cell-specific configuration of valid and available subframes may not be needed. 

Further, a fixed time gap of 4ms may be assumed between the end of the NB-PDCCH and the start of the NB-PDSCH carrying the paging record. This can also help in reducing the DCI size for paging by avoiding the need to indicate the dynamic delay between the NB-PDCCH end and the NB-PDSCH start. Note that optimization of the DCI size that is used to schedule NB-PDSCH carrying paging record(s) should be considered towards minimizing UE power consumption.

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.

We share our views on the details of search space design for CSS for paging in our companion contribution [4].
Proposal 3:

· For paging transmissions: 

· Additional mechanisms for discontinuous transmissions beyond cell-specific valid/available subframes may not be needed.

· Dynamic delay between the end of NB-PDCCH and start of NB-PDSCH carrying paging record may be avoided.
· Consider minimization of the size of the DCI used to schedule NB-PDSCH carrying paging record(s).
4 Conclusions

In this contribution, we presented our views on the remaining details of NB-SIB1 transmission and paging monitoring. Our views are summarized via the following observation and proposals:
Observation 1:

· Paging transmission mechanism and determination of coverage class of the UE may be determined based on identification of NB-IoT UEs as stationary or mobile.
Proposal 1:

· A 4-bit field in the NB-MIB is used to jointly indicate the TBS value and the number of repetitions within a period.

· Unless any issues are identified by RAN2 WG, the working assumption that the NB-SIB1 modification period is 40.96 seconds should be confirmed.

Proposal 2:

· For PCID-based time-domain interference randomization, Alt-1 (i.e., Level 1 shifting for repetitions 4 and 8, and Level 2 shifting for repetitions 16) is slightly preferred.

Proposal 3:

· For paging transmissions: 

· Additional mechanisms for discontinuous transmissions beyond cell-specific valid/available subframes may not be needed.

· Dynamic delay between the end of NB-PDCCH and start of NB-PDSCH carrying paging record may be avoided.

· Consider minimization of the size of the DCI used to schedule NB-PDSCH carrying paging record(s).
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