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1 Introduction
RAN#65 approved a Rel-13 work item on “Further LTE Physical Layer Enhancements for MTC” [1].

In [2] we discussed our initial thoughts on how to handle transmission random access responses (RAR), paging requests, and system information blocks (SIB) to bandwidth reduced and/or coverage enhanced UEs.

In RAN1#79, the following Agreements were made regarding paging:

· RAR/Paging messages for Rel-13 low-complexity UEs and/or UEs operating coverage enhancements (CE) are transmitted separately from RAR/Paging messages for other UEs

· RAR/paging message intended for Rel-13 low-complexity UE and/or UE operating CE can support PDSCH subframe bundling/repetition with multiple bundle sizes/repetition levels
· For paging, from RAN1 perspective, the following are beneficial
· The eNB needs knowledge that the UE to be paged is a Rel-13 low-complexity UE and/or is a UE that is to be paged using CE

· If possible, it is beneficial for eNB to have knowledge on the required amount of coverage enhancement during Paging message transmission
In this contribution we elaborate further on paging transmission.

2 Paging request transmissions

In [3], we discuss the RAR transmission and the same analysis hold also for paging, i.e. allocating less than 6 PRBs for a paging transmission is unlikely and the system can be simplified by always allocating 6 PRBs for the PDSCH transmissions carrying paging. Similarly, in most cases paging for only a single UE can be encoded in one separately encoded paging request messages to bandwidth reduced and/or enhanced coverage UEs. Simultaneous transmission of paging request messages to more than one of these UEs can still be possible assuming that the paging request messages can be frequency multiplexed.
Proposal:
· 6 contiguous PRBs are allocated for PDSCH transmissions carrying a paging request message.

Furthermore, 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.
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.

3 Blocking probability

Similar to for RAR in [3], we here look at blocking probability for paging for different paging scheduling schemes. 

We will use the same options for mapping paging as for RAR: 

1. All messages are transmitted in the same PRB group (e.g. the center PRB group).

2. The messages are evenly distributed between the available PRB groups.

3. Dynamic scheduling of the paging messages to any PRB group using EPDCCH
Figure 1 shows the blocking probability as a function of the number of new messages assuming 10 MHz (50 PRBs) system bandwidth and 8 PRB groups of 6 PRBs each (8*6 = 48 PRBs ≈ 50 PRBs). Both the cases with and without repetition is shown. For the repetition case, it has been assumed that 70% of the UEs do not require repetition of paging messages, 20 % require 10 repetitions and 10 % require 30 repetitions.
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Figure 1: Blocking probability.

The results show that the lack of a queuing mechanism defined for paging transmissions, unlike RAR where the response can be transmitted within a defined time window, results in higher blocking probabilities for randomized mapping to PRB groups compared to when dynamic scheduling is used. Especially for single PRB group with repetitions the capacity is low, but due to the lack of a traffic model for DL in 36.888 it is difficult to evaluate the impact. Introducing queuing would reduce the blocking probability, but unlike for RAR where the UE knows that there will be a transmission for it during the transmission window, for paging the typical case is that there is no message for the UE. Having a receiving window for paging would then significantly increase the power consumptions since the UE will need to stay awake for longer in every paging occasion.
Observation:

· Introducing queuing of paging message potentially increases the power consumption.

· Consider defining a paging load for MTC

4 Need for EPDCCH for scheduling paging
In [3], we propose that no EPDCCH is used for scheduling RAR, but the UE directly tries to decode the RAR from PDSCH. For RAR the payload for a response to a single UE is fixed, but the number of bits in a paging request for a single UE can vary leading to a transport block size range of 25 to 61 bits [7][8]. With only a small set of valid transport block sizes available in this range, it may not be necessary to indicate the PDSCH MCS in EPDCCH, but rely on blind PDSCH MCS detection without the need to transmit EPDCCH.

However, the blocking calculations in section 3 show that without the possibility to queue paging requests in time, the blocking probabilities for paging will increase if dynamic scheduling is not possible.
Having EPDCCH will not remove the blocking problem fully since as stated in section 2, paging more than one UE in a PDSCH spanning will inn most cases be problematic from a coverage perspective even without coverage enhancements being enabled. To avoid blocking, frequency multiplexing of EPDCCH is needed where different UEs monitor EPDCCH in different PRB groups. A bandwidth reduced UE then needs to know the frequency location of the PRB group where it is supposed to monitor the EPDCCH for paging request messages at the paging occasions, i.e. the UE needs both a paging occasion in the time domain and a “paging location” in the frequency domain. Similarly to the paging occasion, this frequency location could be derived e.g. from the UE ID, but this does not entirely avoid the blocking problem either since two UEs being paged at the same time might be monitoring the same EPDCCH.

In summary, there are certain challenges with not having EPDCCH for scheduling paging. Since there potentially are significant benefits of not having EPDCCH for scheduling paging, we suggest further investigation of the topic.

Proposal:

· Investigate further the need for EPDCCH for scheduling paging.

5 Conclusions

In this contribution we further discussed PRACH coverage enhancements and make the following proposals and observations:
Proposals:

· 6 contiguous PRBs are allocated for PDSCH transmissions carrying a paging request message.

· Investigate further the need for EPDCCH for scheduling paging.
Observations:

· 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.

· Introducing queuing of paging message potentially increases the power consumption.
· Consider defining a paging load for MTC.
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