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1. Introduction
At RAN1 #80bis, the possible options of the paging transmission scheme were identified as follows [1]:
	Agreements:
· Alternatives for number of UEs in paging/RAR message 

· Alt 1. Fixed number of UE(s)

· Alt 2. Variable number of UEs

· Alt 3. Variable number of UEs with variable padding (total size is fixed)
· Options for paging/RAR transmission mechanism

· Option 1. M-PDCCH + PDSCH carrying paging/RAR messages

· Option 2. M-PDCCH carrying paging/RAR message

· Option 3. PDSCH carrying paging/RAR message

· Further study with consideration of the followings

· Blocking probability needs to be considered

· How many UE monitoring occasions can be configurable in the system

· Spectral efficiency, UE power consumption, and network/UE complexity


Although RAN2 has to wait for their decision on the above options, this paper attempts to look into the RAN2 specification aspects of the paging transmission for BW reduced Low Complexity (LC) UEs.
2. Discussion
2.1. Number of paging records in a paging message
The existing paging message can carry multiple paging records up to 16, which can help to increase a paging capacity [2]. On the other hand, the lowest MCS and multiple PRBs targeting a lower required SINR are usually chosen since a retransmission over the air is not applied to the paging message. Due to the reduced reception BW to 1.4 MHz (6 PRBs), the TBS for a paging message may not be enough to accommodate multiple paging records. For instance, the size of a PCCH-Message including one PagingRecord is 56 bits if the PagingUE-Identity is S-TMSI. Figure 1 shows the BLER performance when the TBS of 56 bits in 6 PRBs and the lowest MCS are assumed (red line). As shown in Fig.1, the required SINR for achieving BLER = 0.1 is about -2 dB. This result infers that the required SINR seems higher than the typical value for a PCCH-Message even though only one PagingRecord is included. To make it comparable to the typical value, Paging subframe bundling/repetition would be required as agreed to support by RAN1. In that sense, only one PagingRecord should be included in a paging message as proposed in [3].
Proposal 1:

Only one PagingRecord is included in a paging message for BW reduced LC UEs.
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Figure 1:
 BLER performance for TBSs of 56bits and 156 bits in 6 PRBs

2.2. Paging transmission mechanism
If M-PDCCH is used and a common search space is defined, it is very similar to the legacy LTE mechanism where the DCI scrambled with P-RNTI on the PDCCH dynamically assigns the paging message in the paging occasion. The main motivation to use the DCI is to support various TBSs associated with multiple RAR records. However, such motivation seems to be weaker if one PagingRecord is to be included in a paging message and the MCS is fixed to the lowest value. The frequency location of the paging message could be derived from the other way, e.g., UE_ID [3]. The MCS/TBS for the paging message could be common to all the BW reduced UEs and can be notified by the system information. Furthermore, the overhead of using M-PDCCH with a common search space would be a considerable drawback. As such, it is desirable to receive a paging message without monitoring the M-PDCCH as proposed in [3, 4].
Proposal 2:
The PDSCH carrying the paging message is detected by BW reduced LC UEs without monitoring the M-PDCCH.
2.3. TBS of a paging message
Even if the BW reduced LC UE can receive a paging message including one PagingRecord without monitoring the M-PDCCH, there is still an open issue on how the UE can determine the TBS of the paging message. This is due to the legacy mechanism such that the paging message is also used:
-
to inform UEs in RRC_IDLE and UEs in RRC_CONNECTED about a system information change and/ or;

-
to inform about an ETWS primary notification and/ or ETWS secondary notification and/ or;

-
to inform about a CMAS notification and/ or;

-
to inform about an EAB parameter change [2].

Depending on these purposes, the size of a paging message can be varied (in an octet unit). For this issue, the following alternatives can be considered:
Alternative 1:

The UE assumes the maximum TBS of the paging message.
The maximum TBS is derived from the assumption that the following IEs are included in a paging message:
· One PagingRecord assuming that the PagingUE-Identity is IMSI.

· systemInfoModification
· etws-Indication

· cmas-Indication-r9

· eab-ParamModification-r11

In this case, the size of a PCCH-Message is 112 bits. If some of the IEs are not included and the message size is less than the maximum TBS, the eNB adds padding bits at the RRC layer as specified today [2]. The maximum TBS is common to all the BW reduced LC UEs and can be configured as one of the IEs in the PCCH-Config in the LC-SIB2.
With this alternative, if the purpose of paging is to page a UE (without any other indications), the size of a PCCH-Message is 104 bits resulting in 8 padding bits to fill a transport block. In contrast, if the purpose of paging is SI change including EAB parameters or ETWS/CMAS indication (without a PagingRecord), most of an RRC-PDU consists of padding bits to fill a transport block (112 bits). This is because the size of a PCCH-Message including one or a few IEs for these purposes is one or two octets. In addition, if a FDM approach is applied and dedicated 6 PRB resources are assigned for the BW reduced LC UE in the paging occasion, the paging message has to be sent to each 6 PRB resource (18 paging messages for the 110 PRB system). Thus, it seems not a desirable approach from the viewpoints of radio resource efficiency. 
Alternative 2:

Different paging subframes for UE paging and for the other indications paging.
In this case, different paging subframes are assigned for the following two cases:
· UE paging, i.e., one PagingRecord is included in a paging message and the other indications are not included.
· The other indications (SI modification, ETWS/CMAS indication and EAB parameter modification) are included in a paging message and the PagingRecord is not included.
For the paging resource to minitor the PagingRecord, dedicated 6PRB resources are assigned for each BW reduced LC UE [3]. For the paging resource to monitor SI/EAB modification and ETWS/CMAS indication, a common 6 PRB resources are assigned for the BW reduced LC UE. For each UE, the paging subframe for monitoring the PagingRecord is different from the one for monitoring SI/EAB modification and ETWS/CMAS modification. This is due to the fact that the UE cannot receive and decode discontinuous PRB pairs in the same subframe. An example of the paging resource allocation is illustrated in Figure 2.
Even with this approach, the TBS of a paging message can be varied. However, the variable range of the possible TBS is considerably smaller than Alt.1 resulting in less padding bits. For instance, if the potential IEs to be included in a paging message are restricted to SI/EAB modification and ETWS/CMAS indication, the possible TBSs are 1 or 2 octets as shown in Table 1. If the UE assumes the maximum size, i.e., 2 octets, the padding bits are limited to 8 bits. If only the PagingRecord is included in a paging message, the possible TBS range is from 48 bits to 104 bits as show in Table 1. One drawback of this alternative is that the eNB has to send separate paging messages when the eNB pages the UE together with SI modification, ETWS indication, etc., while Alt.1 enable the eNB to send a single paging message including both the PagingRecord and SI modification. Nevertheless, it is not a significant drawback as the case where the eNB pages the UE together with the supported indication(s) would not be a typical scenario.
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Figure 2: Paging resource allocation in Alt.2
From the above analysis, Alt.2 seems a better approach than Alt.1. Consequently, the followings are proposed:
Proposal 3:
Separate paging subframes are assigned to send paging for monitoring the PagingRecord and for other indications (SI/EAB modification, ETWS/CMAS indication).
Proposal 4:
The paging resource for monitoring SI/EAB modification and ETWS/CMAS indication is common to BW reduced LC UEs.
Proposal 5:
For paging of SI/EAB modification and ETWS/CMAS indication, the UE assumes the maximum TBS (16 bits) of the paging message including all modifications/notifications.
For paging including one PagingRecord, the TBS varies depending on whether the PagingUE-Identity is S-TMSI or IMSI. If the ID is IMSI, the TBS further varies depending on the digit of IMSI as shown in Table 1. To determine the TBS, the following approaches can be considered:
Option 1:


TBS derived from S-TMSI is assumed (56 bits).

Option 2:


TBS derived from IMSI is assumed (48 to 104 bits).

Option 3:


TBSs derived from both S-TMSI and IMSI are assumed.

Even though paging by IMSI is an abnormal procedure used for error recovery in the network [5], the BW reduced LC UE should be able to proceed with the IMSI paging. On the other hand, S-TMSI is usually used for the normal procedure of paging. In that sense, Option 2 would result in adding padding bits in most of the cases. As such, Option 3 is ideal to reduce the padding bit as much as possible. The UE by implementation first tries to decode the paging message assuming the TBS derived from S-TMSI, if it has a valid S-TMSI. If failed, the UE tries to decode the paging with TBS derived from IMSI. As for the digit of IMSI, although the existing RRC specification supports up to 21 digits, the maximum digit specified in TS 23.003 which defines the composition of IMSI is 15. As such, it is reasonable for the UE to assume the TBS of IMSI paging with 15 digits (80bits). The followings are proposed:
Proposal 6:
For paging including one PagingRecord, the UE assumes two TBSs; one is derived from S-TMSI (56 bits), and the other is derived from IMSI with 15 digits (80 bits).

Table 1:
Size of a PCCH-Message in Alt.2
	Possible IE combinations in Alt.2
	Size of a PCCH-Message

	Paging including one PagingRecord
	S-TMSI
	56 bits

	
	IMSI (6 digits)
	48 bits

	
	IMSI (15 digits)
	80 bits

	
	IMSI (21 digits)
	104 bits

	Paging including indication(s)
	SI modification
	8 bits

	
	ETWS indication
	8 bits

	
	CMS indication
	16 bits

	
	EAB parameter modification
	16 bits

	
	Combinations of the above modifications/indications
	8 or 16 bits


With regards to the method of informing the UE of the TBSs for the paging message, the legacy broadcast approach can be used to inform of PCCH configurations. The following is proposed:
Proposal 7:

The TBSs for the paging message is broadcast in the PCCH-Config within LC-SIB2.
3. Summary and proposal
This paper discussed the paging transmission for BW reduced LC UEs. In summary the followings were proposed:
Proposal 1:

Only one PagingRecord is included in a paging message for BW reduced LC UEs.
Proposal 2:

The PDSCH carrying the paging message is detected by BW reduced LC UEs without 





monitoring the M-PDCCH.

Proposal 3:
Separate paging subframes are assigned to send paging for monitoring the PagingRecord and for other indications (SI/EAB modification, ETWS/CMAS indication).
Proposal 4:
The paging resource for monitoring SI/EAB modification and ETWS/CMAS indication is common to BW reduced LC UEs.

Proposal 5:
For paging of SI/EAB modification and ETWS/CMAS indication, the UE assumes the maximum TBS (16 bits) of the paging message including all modifications/notifications.

Proposal 6:
For paging including one PagingRecord, the UE assumes two TBSs; one is derived from S-TMSI (56 bits), and the other is derived from IMSI with 15 digits (80 bits).
Proposal 7:
The TBSs for the paging message is broadcast in the PCCH-Config within LC-SIB2.
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Annex: Simulation parameters for the BLER performance in Fig.1
	Parameter
	values

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Transmission mode on serving cell
	TM2

	MIMO configuration
	2x1 / 2x2

	Channel model and Doppler frequency
	EPA / 1Hz (0.5 km/h)

	CRS configuration
	2 CRS port

	MCS
	MCS0

	Resource allocation
	6 RBS / 50 RBs

	Channel estimation
	CRS based

	Max frequency offset
	100 Hz


PAGE  
6

[image: image3.jpg]100

——TBS 152bit |
102 [_——TBS 56 bit

20 -15 -10 -5 0 5 10
SNR(dB)




