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1 Introduction
The Rel-13 work item on “Further LTE Physical Layer Enhancements for MTC” [4] includes three main objectives: (1) specify a new Rel-13 low complexity UE category, (2) LTE coverage improvement corresponding to 15 dB for FDD, and (3) power consumption reduction. Reduced UE bandwidth of 1.4 MHz in downlink and uplink is considered as the most important complexity reduction technique for Rel-13 low complexity UEs.

In RAN2#89bis, it has been agreed that Rel-13 “normal complexity” UEs in enhanced coverage will be paged using the same mechanism for paging Rel-13 “low complexity” UEs. For CN initiated paging, the starting subframe of a paging occasion (PO) and the repetition pattern of that paging occasion is determined irrespective of the UEs coverage extension level. In this meeting RAN2 also discussed the eNB knowledge and enhanced coverage levels, and agreed to extend the radio paging information container (MME => eNB) to provide information on whether the paging request is for a Rel-13 low complexity/enhanced coverage UE. For such UEs, it is considered to be beneficial if the CN, i.e. MME, provides the “paging attempt number” to the eNB, and coverage enhancement level related information and the corresponding cell ID are provided from the eNB to the MME. RAN2 also agreed that a UE in idle mode does not inform the network when its enhanced coverage level changes within a cell or when it changes its cell. RAN2 sent an LS [7] to RAN1, RAN3, SA2, and CT1 to reply the questions from SA2 in [8] based on the agreements from the meeting.
In this paper, we continue to discuss the paging mechanism for Rel-13 low complexity and/or coverage enhanced UEs (Rel-13 LC/CE UEs).  
2 Discussion
2.1 Paging mechanism
Paging is a mechanism for the network to initiate setting up a connection with a UE when it is in RRC_IDLE state. The UE monitors the L1/L2 control signalling to receive the downlink scheduling assignments related to paging. Upon receiving the paging message from the MME, the eNB calculates the applicable paging occasions, waits the next paging occasion and sends a paging RRC message, indicated by a downlink resource assignment addressed to P-RNTI on the PDCCH, to the UE in the subframe corresponding to the paging occasion. For bandwidth reduced UEs, it is not possible to schedule the paging messages similar to legacy UEs [9]. When the network schedules the paging transmission within 1.4 MHz, the number of paging identities that can be transmitted in a paging message may need to be reduced due to coverage concerns especially at the cell edge as discussed in [9]. The simplest option would be to transmit one paging identity per paging message for Rel-13 LC/CE UEs considering that multiplexing multiple paging records into one paging message is not feasible as shown in Tables 1 and 2 below [2, 10]. Note that the results are expected to be similar for paging messages even though estimated maximum number RAR messages are shown in the tables below.
Table 1: Estimated maximum number of RAR messages (targeting 1% BLER at -4 dB SNR)

	Channel
	Number of Rx antennas
	Estimated maximum number of RAR messages

	
	
	6 PRBs
	15 PRBs
	25 PRBs
	50 PRBs

	EPA 1 Hz
	1
	-
	-
	1
	3

	
	2
	-
	1
	3
	12

	ETU 1 Hz
	1
	-
	1
	4
	10

	
	2
	1
	4
	10
	>16


Table 2: Estimated maximum number of RAR messages (targeting 10% BLER at -4 dB SNR)

	Channel
	Number of Rx antennas
	Estimated maximum number of RAR messages

	
	
	6 PRBs
	15 PRBs
	25 PRBs
	50 PRBs

	EPA 1 Hz
	1
	-
	1
	5
	10

	
	2
	1
	4
	8
	>16

	ETU 1 Hz
	1
	-
	3
	8
	16

	
	2
	2
	8
	>16
	>16


The results show that it is unlikely to allocate less that 6 PRBs for RAR/Paging transmission. The mechanism can be simplified if the network allocates always 6 PRBs for the PDSCH transmissions carrying RAR/Paging messages. Then enhanced coverage can be provided with bundling. If multiple paging identities are transmitted per paging messages, UEs with same enhanced coverage level would need to be multiplexed for efficient use of the system resources and this may not always be possible. Another aspect is the message size; if multiple paging identities are transmitted per paging message, the number of repetitions required per coverage enhancement level would need to be adapted accordingly. Considering that the UE needs to know the number of repetitions that it needs to accumulate to decode the message along with the transport block size, this would either require a physical downlink control channel to schedule the paging messages or more effort from the UE to decode the message blindly if we assume that the paging messages are not scheduled with a common control channel.
Proposal 1 One paging identity is transmitted per paging message for Rel-13 LC/CE UEs. 

A Rel-13 low complexity UE has to know the frequency location of 6 PRBs that it is supposed to monitor for paging messages at the paging occasions, i.e. the UE needs both a paging occasion (PF/PO) and a “paging location”. In [9], we have provided a list of potential scheduling methods for paging messages. Since some of the central PRBs would probably be needed for other messages such as MIB, uplink scheduling etc., it may not be feasible to schedule the paging messages for Rel-13 low complexity and/or enhanced coverage UEs within the central 6 PRBs.

If the paging message for Rel-13 LC/CE UEs is scheduled with a physical downlink control channel, it would take longer for the UE to decode the paging message. This may also increase the blocking probability since paging messages would be scheduled using the same physical downlink control channel. More system resources are required since scheduling information would need to be transmitted within the physical downlink control message. An alternative is control-less scheduling; with a fixed TB size or a very small set of allowed TB sizes; some additional padding may be required in case the TB size is fixed. For example, if the number of bits in a paging message that has a single paging identity can vary within range of 25 to 61 bits [9] this would mean that possible TB sizes for paging are 32, 40, 56 or 72 bits. With only one UE identity per paging message and 6 PRBs allocated to the PDSCH transmission, the possible number of transport block sizes for the paging message will be limited. The complexity of blind decoding at the UE for possible transport block sizes is then limited and a control-less operation can be used simplifying the mechanism further.
Observation 1 If a very small set of transport block sizes (e.g. transport block size of 25 bits or 61 bits [9]) would be sufficient for the paging message, it may not be necessary to indicate the TBS in a common control channel but rely on blind TBS detection.
Proposal 2 Paging message for Rel-13 LC/CE UEs is scheduled without a physical downlink control channel. 

2.1.1 Paging frames and paging occasions
In case a paging message for Rel-13 LC/CE UEs is scheduled without a physical downlink control channel, it would be beneficial if we use the same principle as in the legacy mechanism to determine a paging frame and a paging occasion for the UE to monitor the paging message at least from UE power consumption standpoint. A Rel-13 LC/CE UE can determine its paging frame and paging occasion using similar formulae given in Section 7 in [11]. When the paging frame and the paging occasion are determined using the DRX (paging cycle) parameters provided by the network, the UE would monitor PDSCH (e.g. in the allocated PRB group that consists of 6 PRBs) for paging messages similar to the legacy procedure. However, a Rel-13 LC/CE UE may not be able to decode the message in the subframe of its paging occasion. Different than the legacy procedure it may continue to accumulate the consequent subframes to decode the message.
Figure 1 shows an example for the paging occasions and the PDSCH subframe bundles for Rel-13 LC/CE UEs in different enhanced coverage levels.
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Figure 1. Paging occasions and PDSCH subframe bundles for Rel-13 LC/CE UEs in different enhanced coverage levels
In the figure, different colors represent the paging occasions for different UEs and different bundle sizes, i.e. number of subframes the paging message is repeated, correspond to different coverage enhancement levels, Rel-13 LC/CE UE monitoring the paging occasions with “green” subframe bundles happens to be paged two times with different number of repetitions, i.e. bundle sizes, in consecutive paging occasions assuming that the network was not able to reach the UE after transmitting the first paging message.
Proposal 3 Rel-13 LC/CE UE uses the same principle as in the legacy mechanism to determine the paging frame (PF) and the paging occasion (PO) to monitor paging messages.

2.1.2 Paging capacity
If only a single paging identity can be transmitted per paging message, the blocking probability for paging messages for Rel-13 LC/CE UEs that have the same paging frame/occasion (PF/PO) would increase due to congestion. In order to reduce the blocking probability of paging messages, UEs with the same PF/PO can monitor, e.g. based on the UE-ID, different frequency resources i.e. PRB groups that consist of 6 PRBs.
Observation 2 It is beneficial to have frequency multiplexing to increase the paging capacity.
Figure 2 shows the paging occasions and the PDSCH subframe bundles for Rel-13 LC/CE UEs in different enhanced coverage levels with frequency multiplexing.
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Figure 2. Paging occasions and PDSCH subframe bundles for Rel-13 LC/CE UEs in different enhanced coverage levels with frequency multiplexing
Rel-13 LC/CE UEs with the same PF/PO can monitor different frequency resources, i.e. PRB groups that consist of 6 PRBs. In that case, a Rel-13 LC/CE UE needs to know the frequency location of the 6 PRBs that it should monitor at its paging occasion to receive the PDSCH subframe bundles carrying the paging message. This can be scheduled dynamically or it can be based on the UE-ID. Note that dynamic scheduling would require using a physical downlink control channel such as EPDCCH.
Proposal 4 Introduce a frequency domain multiplexing of paging occasions. The UE determines the frequency domain component of its PO based on the UE-ID (same principle as for time domain component in legacy) as well as other information that is broadcasted or preconfigured. 

Another option is to introduce in band signaling to decrease the blocking probability. Note that this may increase the UE power consumption slightly as this is a tradeoff with higher reachability. Here in band signaling refers to being able to transmit more than one paging message, which includes one paging identity, consecutively for the same paging occasion, i.e. PDSCH subframe bundles carrying a paging message followed by another set of PDSCH subframe bundles carrying a paging message for another UE monitoring the same PF/PO. It is not such that a particular UE that faces blocking will have to wait until its next paging occasion.
3 Conclusion

In this contribution we have discussed the paging procedure for Rel-13 low complexity and/or coverage enhanced UEs. In section 2 we made the following observations:

Observation 1
If a very small set of transport block sizes (e.g. transport block size of 25 bits or 61 bits [9]) would be sufficient for the paging message, it may not be necessary to indicate the TBS in a common control channel but rely on blind TBS detection.
Observation 2
It is beneficial to have frequency multiplexing to increase the paging capacity.


Based on the discussion in section 2 we propose the following:
Proposal 1
One paging identity is transmitted per paging message for Rel-13 LC/CE UEs.
Proposal 2
Paging message for Rel-13 LC/CE UEs is scheduled without a physical downlink control channel.
Proposal 3
Rel-13 LC/CE UE uses the same principle as in the legacy mechanism to determine the paging frame (PF) and the paging occasion (PO) to monitor paging messages.
Proposal 4
Introduce a frequency domain multiplexing of paging occasions. The UE determines the frequency domain component of its PO based on the UE-ID (same principle as for time domain component in legacy) as well as other information that is broadcasted or preconfigured.
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