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1. Introduction

In RAN1 #80bis meeting, the following proposals were agreed with options for paging/RAR transmission mechanism for Rel-13 LC/CE UEs[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

Further agreements were made that multiple ECCE aggregation levels and multiple numbers of repetitions are defined in specification for M-PDCCH with the support of maximum aggregation level equivalent of L=24 ECCEs. 
This contribution proposes several RAR transmission mechanisms for MTC according to multiple CE level. 

2. RAR transmission mechanism for MTC
Since multiple legacy UEs may transmit on the same PRACH resource at the same subframe, RAR message carried on PDSCH contains a number of RARs. However, LC/CE UEs operating in a narrowband have several restrictions on receiving RAR message on PDSCH scheduled by an associated M-PDCCH. Both PDSCH and M-PDCCH may require multiple repetitions for CE UEs increasing power consumption. 
According to the simulation results for M-PDCCH [2], applying multiple improvement techniques to EPDCCH with L=24 ECCEs requires 32-64 repetitions for DCI of 21 bits (37 bits including CRC) to achieve the coverage enhancement target of 15dB. The required repetitions of RAR message with 56 bits (72 bits including CRC), will be increased to achieve the coverage enhancement target of 15dB. Therefore, the RAR message for MTC should be reduced as lower as DCI size for MTC. Figure 1 shows the RAR message structure for legacy UEs.
Considering the maximum aggregation level of L=24ECCEs, M-PDCCH for LC/CE UEs may occupy all available resources in 6 PRB-pair, which is equivalent to the maximum PDSCH PRBs within a narrowband. If the payload size of RAR message is fixed to DCI size, then M-PDCCH is more beneficial for carrying RAR for MTC compared to PDSCH, which requires pre-configuration or control signaling. Instead M-PDCCH carrying RAR message for MTC requires to be defined in common search space. 

RAR message for MTC should be defined as a DCI format carried on M-PDCCH configured by RA-RNTI in common search space. The DCI contents of M-PDCCH carrying RAR message should include at least the random access preamble identifier (RAPID) or a backoff indicator (BI), the timing advance (TA) and UE identifier. Figure 2 shows an example of DCI contents carrying RAR for MTC. A T field differentiates if this includes uplink grant or backoff indicator.

Proposal 1-a: RAR message for MTC should be defined as a DCI format carried by M-PDCCH 

Proposal 1-b: DCI carrying RAR includes at least the RAPID or a BI, TA and UE identifier.
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Figure 1. RAR message structure for legacy UEs
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Figure 2. DCI format carrying RAR message for MTC

RAR message for MTC can be transmitted in M-PDCCH without control signaling only if the number of UEs multiplexed in one RAR message is fixed. The number of UEs may depend on the size of RAR payload for MTC. Therefore, M-PDCCH carrying RAR message for MTC can contribute the reduction of signaling overhead for scheduling and multiple repetitions of PDSCH for LC/CE UEs. In order to support multiple repetitions of M-PDCCH carrying RAR, Ra-ResponseWindowSize for MTC should be longer than for the legacy UE as shown in Figure 3. More than the fixed number of LC/CE UEs may transmit on the same PRACH resource at the same subframe. In that case, some of LC/CE UEs waiting for RAR are informed that utilize the PRACH resource to backoff.
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Figure 3. RAR transmission on M-PDCCH configure by RA-RNTI
Proposal 2: M-PDCCH carries RAR message for MTC with the fixed number of UEs, which depends on the size of DCI carrying RAR payload .

Proposal 3: RAR message for MTC is transmitted during longer Ra-ResponseWindowSize compared to the legacy UE to support multiple repetitions of M-PDCCH.
RAN1 #80bis meeting agreed that multiple ECCE aggregation levels and multiple numbers of repetitions are defined in specification for M-PDCCH, and a set of possible combinations of {ECCE aggregation level, number of repetition} is defined in the spec. 
Multiple aggregation levels and multiple numbers of repetitions may be supported for M-PDCCH carrying RAR message for MTC according to multiple CE levels of LC/CE UEs. In addition, a subset of the possible combinations can be configured for constructing a common search space for M-PDCCH. Especially, M-PDCCH carrying RAR message for MTC should be defined in common search space by at least an aggregation level and the number of repetitions. Furthermore, reducing the number of M-PDCCH blind decoding candidates can result in power saving. 

Proposal 4: M-PDCCH carrying RAR message for MTC should be defined in common search space by at least an aggregation level and the number of repetitions.
3. Conclusions
Proposal 1-a: RAR message for MTC should be defined as a DCI format carried by M-PDCCH 

Proposal 1-b: DCI carrying RAR includes at least the RAPID or a BI, TA and UE identifier.
Proposal 2: M-PDCCH carries RAR message with the fixed number of UEs.

Proposal 3: RAR message for MTC is transmitted during longer Ra-ResponseWindowSize compared to the legacy UE to support multiple repetitions of M-PDCCH.

Proposal 4: M-PDCCH carrying RAR message for MTC should be defined in common search space by at least an aggregation level and the number of repetitions.
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