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1 Introduction
RAN1#81 made the following agreements with respect to paging for Rel-13 low complexity (LC) and coverage enhanced (CE) UEs [1].
	Agreements:
· Options for RAR and Paging for Rel-13 low complexity UEs and UEs operating coverage enhancement:

· Option 1: M-PDCCH-scheduled PDSCH carrying the message(s)

· Option 2: M-PDCCH DCI carrying the message

· Option 3: M-PDCCH-less PDSCH carrying the message

· Agree the following as working assumptions for Paging:

· Support Option 1 for the case of a single Paging record in a narrowband

· This assumes that the DCI size will be relatively compact compared to the size of a Paging record 

· Support Option 1 for the case of multiple Paging records in a narrowband


In this contribution we discuss further aspects of paging for LC/CE UEs.

2 Discussion
According to current RAN1 working assumption, paging messages will be transmitted in an M-PDCCH-scheduled PDSCH transmission. Paging records for multiple UEs may be multiplexed within the same PDSCH transport block.

If the required number of M-PDCCH repetitions can be relatively small, the UE power consumption associated with the M-PDCCH monitoring for paging will also be relatively low. In order to keep the required number of M-PDCCH repetitions small, it is desired to use an as compact DCI as possible.
1. Frequency allocation for PDSCH: It remains to be decided whether PDSCH for LC/CE UEs can be scheduled in a different narrowband than the associated M-PDCCH transmission.
2. Transport block size of PDSCH:  The number of bits in a paging message for a single UE can vary within range of 25 to 61 bits [2][3]. This means that when padding to the supported TBS, the possible TBS for a single paging record are 32, 40, 56 or 72 bits. The total number of bits required for TBS indication will depend on the maximum number of paging records that should be possible to multiplex in a single transmission.
3. Modulation and coding scheme of PDSCH: With only QPSK modulation used for paging message, the MCS can be derived from the TBS.
It is believed that it should be possible to adopt a DCI size of max 10 bits. However, a DCI size of 10 bits plus 16 bits CRC may require in the order of 50 repetitions in order to achieve the targeted 15 dB overall coverage enhancement [4]. It would be beneficial from UE power consumption point of view if the UE would not always have to monitor the downlink for paging requests assuming the worst case repetition level. For example, the UE may be able to do early termination in its decoding attempt if it can make an estimate of the downlink quality that is indicative of the number of required repetitions for successful reception of the paging request message.
Proposals:

· Adopt a compact DCI message size of no more than ~10 bits for scheduling of paging messages.

· Confirm the RAN1 working assumption to use M-PDCCH-scheduled PDSCH for paging.

Observation:
· It would be beneficial from UE power consumption point of view if the UE could do early termination of its paging request decoding attempt when the UE is in good coverage. The feasibility of this is FFS.

RAN1 has sent LSs to RAN4 asking RAN4 about the RSRP/RSRQ measurement performance and about the feasibility of selecting an initial PRACH repetition level based on downlink UE measurements [5][6]. The answers from RAN4 to these questions may be of some help when determining the feasibility of early termination of paging request decoding.
The multiplexing opportunities can be increased further by using frequency multiplexing if different UEs monitor M-PDCCH in different narrowbands. This is analogue to how different UEs monitor different paging occasions in the time domain.
Proposals:

· Introduce frequency domain multiplexing of paging occasions.
· UE determines the frequency domain component (the narrowband) of its paging occasion based on the UE-ID (same principle as for time domain component in legacy) as well as other information that is broadcasted or preconfigured.
· The maximum number of narrowbands used for paging is a cell configuration parameter. The UEs’ paging occasions in the frequency domain are distributed among these narrowbands. The minimum number of narrowbands used for paging is 1.

The different means for multiplexing of paging messages will mean that the blocking probability will be very low. An analysis of the blocking probability for different scheduling schemes was provided in [7].

3 Conclusions

In this contribution we further discussed paging for MTC and make the following proposals and observations:
Proposals:

1. Adopt a compact DCI message size of no more than ~10 bits for scheduling of paging messages.

2. Confirm the RAN1 working assumption to use M-PDCCH-scheduled PDSCH for paging.

3. Introduce frequency domain multiplexing of paging occasions.
4. UE determines the frequency domain component (the narrowband) of its paging occasion based on the UE-ID (same principle as for time domain component in legacy) as well as other information that is broadcasted or preconfigured.
5. The maximum number of narrowbands used for paging is a cell configuration parameter. The UEs’ paging occasions in the frequency domain are distributed among these narrowbands. The minimum number of narrowbands used for paging is 1.
Observation:

1. It would be beneficial from UE power consumption point of view if the UE could do early termination of its paging request decoding attempt when the UE is in good coverage. The feasibility of this is FFS.
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