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Discussion and Decision
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Introduction
In RAN2#92, it has been agreed that –

· CN may include coverage enhancement (CE) level information, Global Cell Id and Paging Attempt Count IE in Paging message to indicate related information to RAN node.
· We assume that NB-IOT shall use the eDRX system solution(s). 

· In NB-IOT an SFN-based short DRX, long DRX (eDRX) with paging transmission window (PTW) is used. 

· NB-IOT supports a short DRX up to X seconds, where X need to be selected to allow RAN repetitions between PO, and to allow CN to trigger retransmissions at PO’s. 

· UE monitors all his PO’s in the PTW

· For the short DRX individual paging cycle is not needed, the defaultPagingCycle of the cell can be used.

In this contribution, we consider paging transmission for NB-IoT.
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Paging
A paging message contains a list of paging records, system information modification indication, and ETWS indication. Each paging record contains the UE identity (either IMSI or S-TMSI) and the CN domain which indicates the origin of paging. If the S-TMSI is used, each paging record comprises 41 bits. If IMSI is used, each paging record comprises maximum of 72 bits. Thus, each paging record is of similar size to a RAR record. As a result, Table 1 provides a rough approximation of the number of repetitions required to transmit 1 paging record. 
Table 1. Approximate number of repetitions for 1 paging record.
	MCL Target
	Number of repetitions

	
	Stand-alone
	In-band

	144 dB
	1
	1

	154 dB
	8
	16

	164 dB
	128
	256


To analyze the paging load, we use the traffic model for capacity evaluation from [2]. The traffic model comprises a split of devices between MAR periodic (80%) and Network Command (20%). The size of the downlink Network Command is assumed to be 20 bytes and the distribution of the periodic inter-arrival time is - 1 day (40%), 2 hours (40%), 1 hour (15%), and 30 minutes (5%). In our analysis, we assume that paging would be used when a network command is generated. Based on massive MTC capacity target of 52547 devices within a cell site sector, the mean number of pages per second (mean arrival rate) is 1.36. Due to the low paging traffic and the uniform paging occasion distribution, it is reasonable to assume that at most one paging record will be transmitted within each paging occasion. Furthermore, paging records for UEs in different coverage enhancement levels should not be multiplexed together as they require different number of repetitions. This makes it even more likely that at most only one paging record will be transmitted in a PO.
In legacy LTE, paging is transmitted using PDCCH + PDSCH. However, if there is only one paging record per PO, it would be wasteful to transmit both NB-PDCCH (DCI) and NB-PDSCH (Paging). Hence, paging should be transmitted using either the NB-PDCCH or NB-PDSCH. Paging transmission using the NB-PDSCH is preferred since NB-PDCCH would require multiple blind decoding attempts based on the configured search space spanning multiple aggregation levels and number of repetitions. Using the NB-PDSCH would require the UE to perform less number of blind decoding attempts at each of the possible starting subframes. Furthermore, since TBCC is used for both NB-PDCCH and NB-PDSCH, there is no additional complexity for blind decoding of the NB-PDSCH. Therefore, it is proposed that paging is transmitted using NB-PDSCH without scheduling by NB-PDCCH (i.e. without a corresponding DCI).
Proposal 1: Paging is transmitted using NB-PDSCH without scheduling by NB-PDCCH (i.e. without a corresponding DCI).

As agreed in RAN2, CN may include coverage enhancement (CE) level information in the paging message to RAN node. Thus, the eNB would have some information regarding the CE level of the UE. Furthermore, the UE would have been configured with the number of repetitions to use when attempting to decode the paging message. However, if the UE changes CE level during idle mode, there would be a mismatch between the configured repetition number versus the actual required number of repetitions. In addition, the eNB may also increase the number of repetitions for subsequent paging attempts based on the paging attempt count if it cannot reach the UE using the expected repetition number. Some potential solutions to address this mismatch include –
· UE tries multiple blind decoding attempts at each PO corresponding to different number of repetitions repetitions based on its current CE level. For example, the eNB could configure the UE to monitor a set of {4, 16, 64} repetitions in each PO. UE will then try all 3 repetition numbers in each PO (i.e. 3 blind decoding attempts).
· UE tries one blind decoding attempt at the PO. Different POs could correspond to different number of repetitions. For example, the eNB could configure the UE to monitor a set of {4, 16, 64} repetitions at three different POs. Thus, the UE will perform only 1 blind decoding attempt from the PO which provides sufficient repetitions for its current CE level.
From complexity and power consumption perspectives, it would be better to have the UE attempt only one blind decoding per PO. Although this may increase latency as the eNB might have to wait for the right PO to transmit the paging message with the desired number of repetitions, latency is not a main concern for NB-IoT downlink data transmission. Therefore, it is proposed that UE tries one blind decoding attempt at each PO. Different POs could correspond to different number of repetitions.
Proposal 2: Different POs could correspond to different number of repetitions. UE tries one blind decoding attempt of the NB-PDSCH from the PO corresponding to the repetition number which satisfies UE’s CE level.
For notifying the UE of an SI update, the eNB needs to send the paging message within the modification period. When the S1 paging from MME arrives within this period, the paging message for mobile-terminating access has to be sent in the next modification period if no record is allowed to be contained in the SI notification. This would increase the access delay, however, and also require additional DL signaling overhead. 

Under the assumption that the paging message contains at most one paging record, the increase to the message size and the impact to the required repetitions by including the paging record in SI update are negligible, thus the same set of repetition numbers could be configured for paging regardless of how it is triggered. To ensure the reliable reception for all the UEs served by the cell, the highest value from the set of the repetition numbers configured for paging could be applied for sending SI update notification. That is, the paging for notifying the SI update could be repeated always with the maximum repetition numbers configured for the paging message.

Proposal 3: The SI update notification message could contain paging record and be transmitted with the maximum repetition number configured for the paging message.

3
Conclusion
In this contribution, we consider paging transmission for NB-IoT. Based on our analysis, we make the following proposals –

Proposal 1: Paging is transmitted using NB-PDSCH without scheduling by NB-PDCCH (i.e. without a corresponding DCI).
Proposal 2: Different POs could correspond to different number of repetitions. UE tries one blind decoding attempt of the NB-PDSCH from the PO corresponding to the repetition number which satisfies UE’s CE level.
Proposal 3: The SI update notification message could contain paging record and be transmitted with the maximum repetition number configured for the paging message.
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Table 2. Link-level simulation assumptions.
	Parameter
	Value

	
	Stand-alone
	In-band

	Frequency band
	900 MHz

	eNB Tx power
	43 dBm
	35 dBm

	System bandwidth
	200 kHz
	10 MHz

	Propagation channel model
	TU

	Doppler spread
	1 Hz

	Antenna configuration
	DL: eNB: 1Tx, MS: 1Rx
	DL: eNB: 2Tx, MS: 1Rx

	Frequency error
	Randomly chosen from [-50, +50] Hz

	Timing error
	Randomly chosen from [-2.5, +2.5]us



