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1. Introduction

At the RAN1#80bis meeting, there were discussion papers regarding paging/RAR [1] – [5] and the following alternatives and options were summarized in the agreements.
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

There are mainly two points to be discussed for both paging and RAR. One issue is whether or not to support multiple paging/RAR records in each message. The other issue is which physical channel(s) is used to carry paging/RAR messages. In this contribution, we present our views on these issues.
2. RAR Message for LC-MTC UEs 
Single or multiple RAR records in one RAR message

For the LC-MTC UEs, full use of 6 PRB pairs may carry multiple RAR records in one RAR message in terms of the number of bits to accommodate in one RAR message. The advantage of multiple RAR records is to achieve an efficient transmission by reducing the ratio of the MAC overhead compared with an RAR record. However, since a retransmission is not applied to message 2, the lowest MCS and multiple PRBs (nearly 6 PRBs) targeting a lower required SINR are usually chosen even for the transmission of one RAR record. Figure 1 shows the BLER performance when the TBS of 56 bits, 6 PRBs and the lowest MCS are assumed. As shown in Fig. 1, the required SINR for achieving BLER = 0.1 is about –2 dB. In that sense, the possibility of the multiple RAR record being carried over the 6 PRB pairs is considered to be very small in a practical deployment. Hence, we propose adopting the single RAR record in one RAR message. In order to increase the capacity for the RAR, different narrow bands of 6PRBs may be assigned to different groups of LC-MTC UEs as proposed in [2].
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Figure 1 – BLER performance for TBSs of 56bits and 156bits, and 6 PRB pairs.

Physical channels for RAR message
The physical channel(s) for the transmission of the RAR messages must be also determined. The following options are currently identified.

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

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

· Option 3. PDSCH carrying paging/RAR message

If a common search space for the M-PDCCH is defined, option 1 is very similar to the existing LTE where the DCI scrambled with RA-RNTI on the PDCCH dynamically assigns the RAR message. The main motivation to use the DCI is to support various TBSs associated with multiple RAR records. However, such motivations seem to be weaker if the single RAR record is to be included in one RAR message and the MCS is fixed to the lowest value. The frequency location of the RAR messages would be implicitly derived from the PRACH resource that was actually used for the RACH transmission as also discussed in [6]. Also considering the overhead for the M-PDCCH, this option may not be preferred. In our view, a difference between options 2 and 3 is only the coding scheme, i.e., convolutional coding or turbo coding. Comparing these two options, we prefer option 3 as the single RAR record on the PDSCH is already supported in the legacy LTE. 
Proposal 1: A single RAR record in one RAR message is only supported for the LC-MTC UEs.
Proposal 2: The PDSCH carrying the RAR message is detected by the LC-MTC UEs without monitoring the M-PDCCH.
· MCS/TBS for the PDSCH carrying the RAR message is fixed.

· A resource for the PDSCH carrying the RAR message is implicitly derived from the RACH resource that was actually used.
3. Paging for LC-MTC UEs 
Regarding paging transmission, a similar discussion in the RAR is applied to the case for paging. Namely, assuming that a TBS for paging message is similar to that for the RAR message, a single paging record in one paging message should be only supported. Concerning the physical channel, similar to the RAR message, the PDSCH would be used to carry the paging message without relying on the M-PDCCH. However, further discussion would be needed for the paging message. Each paging message includes the paging record further including ue-Identity and cn-Domain, systemInfoModification, and etws-Indication. One potential issue is that the TBS for a paging message is variable even if only a single paging record is supported. In order to fix the TBS and not to rely on the detection of M-PDCCH, one solution is to use the padding bits. However, when either systemInfoModification or etws-Indication needs to be indicated to all the LC-MTC UEs, the overhead for paging would be an issue because padding bits is applied to the most paging records. To avoid the issues, the potential solution is to separate systemInfoModification or etws-Indication from the paging message and they are transmitted using different time and frequency resources. Then, to further fix the TBS of each paging record (the size of ue-Identity is variable), padding bits would be also adopted. In this way, the TBS for the paging message can be fixed while unnecessary overhead due to padding can be minimized. Such detailed solutions should be determined jointly with RAN2. 
Proposal 3: A single paging record in one paging message is only supported for the LC-MTC UEs.

Proposal 4: The PDSCH carrying the paging message is detected by the LC-MTC UEs without monitoring the M-PDCCH.

· Details regarding the paging message should be determined jointly with RAN2.
4. Conclusion
In this contribution, we described our views on the RAR message and paging message for the LC-MTC UEs. According to the discussion above, we propose the followings.
Proposal 1: A single RAR record in one RAR message is only supported for the LC-MTC UEs.

Proposal 2: The PDSCH carrying the RAR message is detected by the LC-MTC UEs without monitoring the M-PDCCH.

· MCS/TBS for the PDSCH carrying the RAR message is fixed.

· A resource for the PDSCH carrying the RAR message is implicitly derived from the RACH resource that was actually used.

Proposal 3: A single paging record in one paging message is only supported for the LC-MTC UEs.

Proposal 4: The PDSCH carrying the paging message is detected by the LC-MTC UEs without monitoring the M-PDCCH.

· Details regarding the paging message should be determined jointly with RAN2.
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