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1 Introduction

In 3GPP RAN1#80bis, there was the following observation on EPDCCH initialization for MTC:

	Observations:
· For Rel-13  MTC UEs in both normal coverage and enhanced coverage, the initialization of UE-specific EPDCCH configuration can be performed based on
·  Alt.1A: Dedicated RRC signaling scheduled by EPDCCH in common search space(CSS) if CSS is supported
· The parameters for UE-specific EPDCCH set initialization are included in the RRC signaling scheduled by EPDCCH in CSS
· FFS: The configuration and design of this CSS
· Alt.1B:  Signaling scheduled by EPDCCH in common resources (ref. R1-150060)
· The parameters for UE-specific EPDCCH set initialization are scheduled in common resources
· Alt.2: System information blocks for MTC
· The parameters for UE-specific EPDCCH set initialization are included in the SIBs 
· FFS: Details of scheduling of SIB
· Alt.3A: Messages during RACH: RAR
· The parameters for UE-specific EPDCCH set initialization are included in the RAR
· FFS: Details of scheduling of RAR
· May be combined with Alt.1 or Alt.2
· Alt.3B: Messages during RACH: Message 4
· The parameters for UE-specific EPDCCH set initialization are included in message 4
· FFS: Details of scheduling of message 4
· Other alternatives are not precluded


In this contribution we focus on the configuration initialization issue of M-PDCCH (a) common search space and (b) UE-specific search space.

2 M-PDCCH common search space configuration 

In 3GPP RAN1#82, the following is the agreed working assumption 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 

The following is the agreed working assumption for RAR:

· Support Option 2 for the case of a single MAC RAR in a narrowband

· Support Option 1 for the case of multiple MAC RARs in a narrowband
Option 1 and Option 2 for RAR and Paging for Rel-13 low complexity UEs and UEs operating coverage enhancement are:

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

· Option 2: M-PDCCH DCI carrying the message

This means that common search space of M-PDCCH needs to be defined for paging and RAR. Such common search space can be simply the location of the narrowband. This can be provided by MTC SIB.

All other parameters can be fixed to minimize signaling overhead. These include:
· subframePatternConfig;
· startSymbol;
· transmissionType;
· resourceBlockAssignment

· dmrs-ScramblingSequenceInt;
· numberPRB-Pairs

Proposal:

· M-PDCCH common search space for paging and RAR is configured by MTC SIB specifying a narrowband location.

3 M-PDCCH configuration initialization of UE-specific search space
The M-PDCCH initialization procedure gives the Rel-13 LC/CE UE the initial configuration of UE-specific M-PDCCH search space, before the UE is able to receive any unicast PDSCH (e.g., before UE is able to receive PDSCH carrying UE-specific RRC signal).  The UE-specific search space needs to be available for RACH Msg3 for scheduling PUSCH, and Msg4 for scheduling PDSCH.

Since the initial configuration information cannot be provided via UE-specific RRC signalling, the M-PDCCH configuration has to rely on broadcast type of information, at least in the initialization stage. Two types of broadcast information are explored below for this purpose:

· System information block (SIB) supporting LC/CE UE operation; and

· Random access response (RAR) supporting LC/CE UE operation;

Both types are discussed in details below.

Proposals:

· UE-specific M-PDCCH search space is initialized via a broadcast message.

· UE-specific M-PDCCH search space is initialized before receiving RACH Msg3.

3.1 M-PDCCH initialization via SIB 
Let MTC SIB be a broadcasted system information that is available for LC/CE UEs in RRC_IDLE. Here it is assumed that MTC SIB can be sent either without the need of any PDCCH/M-PDCCH, or sent with a fixed-format control channel. If the initial configuration of M-PDCCH is carried by MTC SIB, then the LC/CE UE can use it to receive unicast M-PDCCH and subsequently unicast PDSCH.

To illustrate the MTC SIB based M-PDCCH initialization procedure, an example is drawn in Figure 1. The following steps can be used to obtain UE-specific M-PDCCH configuration: 

(a) The eNodeB broadcasts the MTC SIB for LC/CE UEs. The MTC SIB provides configuration of M-PDCCH common search space. This is illustrated in DL subframe A of Figure 1.
(b) UE obtains a unicast M-PDCCH located in the M-PDCCH common search space. In Figure 1, three unicast M-PDCCHs are illustrated to co-exist in the common search space in DL subframe B, where M-PDCCHi is for UE i, i=1, 2, 3. 
(c) The unicast M-PDCCH is associated with a unicast PDSCH carrying a dedicated RRC message, where the dedicated RRC message provides the M-PDCCH configuration such as the resource block assignment. This is illustrated in DL subframe C of Figure 1.
(d) Subsequent M-PDCCHs for the UE are sent using the M-PDCCH configuration provided in the dedicated RRC message. This is illustrated in DL subframe D of Figure 1.

It is pointed out that the procedure above assumes the existence of M-PDCCH common search space for the purpose of initializing UE-specific search space. This common search space may be shared with paging and/or RAR in the same narrowband location, or it may be different in order to avoid collision. 
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Figure 1. MTC SIB based procedure to initialize M-PDCCH configuration.

3.2 M-PDCCH initialization via RAR
Let MTC RAR be the random access response designed to support LC/CE UEs. While existing RAR contains a ‘UL grant’ field, it does not contain DL assignment information, since PDCCH is available to normal UEs.

If the existing MAC Control Element of RAR can be expanded to contain a field for DL assignment, then it is conceivable that the MTC RAR can be used to provide M-PDCCH initialization information when the UE initiates the random access procedure. Similar to MTC SIB, here the assumption is that the MTC RAR is sent either without the need of any PDCCH/M-PDCCH, or sent with a fixed-format control channel. 

The MTC RAR based M-PDCCH initialization procedure is illustrated in Figure 2 and described below: 

(a) The LC/CE UE performs random access by sending PRACH to the eNodeB.
(b) The eNodeB responds to the UE with an MTC RAR. The MTC RAR contains a downlink assignment for the UE. The downlink assignment provides the initial M-PDCCH configuration for the UE. Three MTC RARs are illustrated in DL subframe A in Figure 2, each MTC RAR for a different UE. Note that the initial M-PDCCH configuration carried by MTC RAR needs to be simplified to minimize the burden to the MAC Control Element.
(c) The UE uses the downlink assignment in MTC RAR to receive the initial M-PDCCH. Three  M-PDCCHs are illustrated in DL subframe B in Figure 2, where each M-PDCCH is for a different UE.
(d) The initial M-PDCCH(s) provides information for receiving PDSCH carrying the dedicated RRC message. The dedicated RRC message provides the full M-PDCCH configuration. Three PDSCHs carrying RRC message are illustrated in DL subframe C in Figure 2, each PDSCH for a different UE.
(e) Subsequent M-PDCCHs uses the full M-PDCCH configuration. Three unicast M-PDCCH transmissions are illustrated in DL subframe D of Figure 2.
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Figure 2. MTC RAR based procedure to initialize M-PDCCH configuration.

Compared to MTC SIB based procedure, the benefit of the MTC RAR based procedure is that it does not require an M-PDCCH common search space. On the other hand, the MTC RAR based procedure requires construction of a new type of RAR message for low-complexity UEs, which requires standardization effort.
Our preference is to adopt RAR-based initialization of M-PDCCH since it provides high flexibility and has no collision issue with common search space of paging and RAR.\.
Proposal:

· UE-specific M-PDCCH search space is initialized via RAR.
4 Conclusions
In this contribution we discussed configuration of M-PDCCH and its initialization. Based on the discussion, we have the following proposals.

Proposals:

1. M-PDCCH common search space for paging and RAR is configured by MTC SIB specifying a narrowband location.

2. UE-specific M-PDCCH search space is initialized via a broadcast message.

3. UE-specific M-PDCCH search space is initialized before receiving RACH Msg3.

4. UE-specific M-PDCCH search space is initialized via RAR.
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