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1. Introduction
In the previous meetings, there were some discussions on the initial configuration of UE-specific MPDCCH set.  The following the observations were obtained [1], [2]
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 signalling 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 continue to discuss this issue with focuses on the necessary parameters and configuration manner.  Based on the discussion, our views will be revealed. 
2. Parameters for UE-specific MPDCCH Set Configuration
Considering the unique features of MTC, traditional EPDCCH set configuration message may not be suitable and redesign is needed. In addition, the signaling to carry the initial configuration and reconfiguration may be different and they may have different sensitivity to the message size. For initial configuration, it is more desirable to compress the message size to make it easy to be included in certain signaling such as RAR. In this section, we will analyze the necessary fields for initial configuration case and reconfiguration case separately. 

Existing Parameters
· subframePatternConfig-r11: Since MTC UEs monitor MPDCCH based on configured or derived starting subframes and repetition level, and then there is no need to keep this field.  

· startSymbol-r11: It was agreed that the starting symbol for SIB1 is fixed and SIB1 configures the starting symbols for the subsequent transmission. Hence, this field can be removed as well. 
· setConfigId-r11: this field is used to indicate the identity of the configured EPDCCH set in Rel-11. This field can be reserved in reconfiguration message for flexible configuration. But for initial configuration, we could simply assume only one set is configured and remove this field for size reduction.
· transmissionType-r11: this field can be reserved for reconfiguration. For initial configuration, localized or distributed transmission type is set as default value.
· dmrs-ScramblingSequenceInt-r11: This filed can be reserved for both initial configuration and reconfiguration.
· pucch-ResourceStartOffset-r11: At the last meeting, it was agreed that Starting offsets of the PUCCH resource(s) indicated by MTC SIB can be configured separately per PUCCH repetition level. If the MTC UE could obtain the repetition level, then the starting offset can be derived according to the information in the MTC-SIB. Thus, this field is redundant if MTC UEs could obtain its coverage enhancement level.
· resourceBlockAssignment-r11: To support more flexible resource configuration, this field can be reserved in reconfiguration message, while for initial configuration this field can be eliminated by simply assuming the whole NB is configured for MPDCCH transmission.
New Parameters

· NB index: Similar to the resource allocation of data channel, a NB should be firstly configured and further resource allocation within the configured NB can be performed. 
· Coverage enhancement level: For initial configuration, MPDCCH repetition numbers and the set of possible starting subframes need to be known by MTC UEs. In addition, the repetition level of PUCCH and starting offset for PUCCH resource are necessary information. To notify these parameters, coverage enhancement level indication can be utilized. Firstly, some mapping relationship between coverage enhancement level and MPDCCH configuration as well as PUCCH configuration can be predefined. Then MTC UE could derive the exact MPDCCH configuration and PUCCH configuration based on the configured repetition level. 
Table 1 Summary of the parameters in MPDCCH set configuration message
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Existing

parameters

subframePatternConfig-r11 NO need NO need

startSymbol-r11 NO need NO need

setConfigId-r11 NO need Reserved

transmissionType-r11 NO need Reserved

dmrs-ScramblingSequenceInt-r11

(Maximum 8 bits)

Reserved Reserved

pucch-ResourceStartOffset-r11 NO need NO need

resourceBlockAssignment-r11 NO need Reserved

New

parameters

NB index

(Maximum 4 bits)

Reserved Reserved

Coverage enhancement level

(2~3 bits)

Reserved NO need


Proposal 1: Initial configuration of UE-specific MPDCCH set message can only include the DM-RS scrambling sequences, NB index and coverage enhancement level.

3. UE-specific MPDCCH set configuration
3.1. Potential solutions 

In this section, we briefly explain the potential solutions listed in the observation obtained at the RAN1 #80b meeting.  The corresponding advantages / disadvantages would be analyzed accordingly. 

Alt.1A: Dedicated RRC signaling scheduled by MPDCCH in common search space (CSS) if CSS is supported
This alternative is similar to the traditional way. The parameters for UE-specific MPDCCH set initialization is included in the RRC signaling scheduled by MPDCCH in CSS. By scrambling the MPDCCH in CSS with C-RNTI, UE-specific configuration can be achieved. The procedure from initial access to initial configuration of UE-specific MPDCCH set is shown in Fig.1. Obviously, the advantage of this alternative is reusing the traditional manner to the largest extent and the impact on some other signaling such as SIB, RAR and message 4 can be avoided. 
On the other hand, CSS is responsible for the MPDCCH transmission of Msg. 3, Msg.4 and the MPDCCH configuration message. Considering the limited capacity of CSS and possible massive MTC devices as well as extensive repetitions, the heavy load on CSS may become one problem. 
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Figure 1 Procedure for MPDCCH set configuration based on Alt.1A
Alt.1B:  Signaling scheduled by MPDCCH in common resources 
The key point of this alternative is to define a common MPDCCH set, the parameters for which are fixed in specification or pre-known to the MTC UEs. The MPDCCH in the common set is utilized to schedule the RRC message which provides the UE-specific MPDCCH set configuration. Its advantage is similar to that for Alt.1A. The traditional MPDCCH design could be reused to a large extent whilst keeping the flexibility of initializing UE-specific MPDCCH set.
To support this alternative, a common MPDCCH set should be defined specifically. Then additional physical resources and RAN1 standardization effort on specifying this common MPDCCH set and predefining the related parameters are required.
Alt.2: System information blocks for MTC
In this alternative, the parameters for the MPDCCH set initialization are included in the SIB instead of dedicated RRC signaling, which enables Rel-13 LC-MTC UEs to acquire the MPDCCH configuration information at the beginning of cell connection. However, containing additional message would increase the overhead for the SIBs and the required repetitions would increase accordingly. Moreover, resource wastage would happen since SIBs are transmitted periodically while there is no consistent demand for MPDCCH set initialization. In order to avoid too much overhead increase in the SIB, it is reasonable to include only one set of initialization parameters. In this case, the MPDCCH set is not configured UE-specifically and subsequent RRC reconfiguration is inevitable to avoid huge DCI blocking probability. 
Alt.3A: Messages during RACH: RAR
Including the parameters for the UE-specific MPDCCH set initialization in the RAR message ensures Rel-13 that the LC-MTC UEs obtain the MPDCCH initial configuration before RRC connection establishment. The complete procedure is exhibited in Fig.2. Since RAR is almost UE-specific message, thus the flexibility of initializing MPDCCH set in UE-specific manner can be guaranteed. Furthermore, the UE-specific MPDCCH can be offloaded to the USS as soon as possible, which could avoid the CSS congestion. 
The first drawback of this alternative is increasing the overhead of RAR message. Another disadvantage is additional RAN2 standardization effort on reconstructing a new RAR type for Rel-13 MTC UEs.
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Figure 2 Procedure for MPDCCH set configuration based on Alt.3A
Alt.3B: Messages during RACH: Message 4
The complete procedure from initial access to USS establishment is displayed in Fig.3. Alt.3B could offload MPDCCH from CSS to some extent compared with Alt.1A. Furthermore, there is no impact on the RAR compared with Alt.3A. It seems a compromised solution between Alt.1A and Alt.3B. The disadvantage of this alternative also requires additional RAN2 standardization effort for message 4 reconstruction and results in additional overhead in message 4. 
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Figure 3 Procedure for MPDCCH set configuration based on Alt.3B
3.2. Overall discussion 

To ensure more appropriate configuration for each UE and then avoid unnecessary reconfiguration, it is better to initialize the MPDCCH set in UE-specific manner. According to the above discussion, all the alternatives except Alt.2 could achieve the flexibility of UE-specific configuration. From this perspective, Alt. 2 is not a desirable solution. 

Proposal 2: UE-specific MPDCCH initialization should be carried out in UE-specific manner.
As for the remaining alternatives, since the necessity of MPDCCH CSS is justified by the scheduling of paging / RAR, then Alt.1A is a promising way since it reuses the traditional manner to the largest extent. However, as analyzed in last section, the overloaded MPDCCH may cause severe MPDCCH blocking in CSS, which would be a big challenge.  With regard to Alt.1B, it realizes the UE-specific MPDCCH configuration with similar way to Alt.1A. With the specifying of MPDCCH CSS, the motivation to define a common resource seems weak. Both Alt. 3A and Alt. 3B could avoid the MPDCCH blocking in Alt. 1A and Alt.3A outperforms Alt.3B. However, as discussed in our document [3], increasing the bits for the RAR messages may not be allowed. Hence, for Alt. 3A, the number of bits for the MPDCCH configuration should be minimized and reduction in size of the RAR should be also considered. According to the discussion in section 2, the maximum bits in initial MPDCCH configuration can be compressed to around 14 and this value can be further reduced if optimization is performed on the DM-RS scrambling sequences. If the increased bits and additional standardization effort are acceptable from higher layer perspective, we have a slight preference for Alt. 3A. Otherwise, Alt. 1A or Alt. 3B can be considered. 
Proposal 3: Down-select the MPDCCH initialization manner among Alt.1A, Alt.3A and Alt.3B.
4. Conclusion
In this contribution, we further discuss the issue of UE-specific MPDCCH set initialization including the necessary parameters and the configuration manner. Based on the analysis in the pros and cons for each alternative and fair comparison, the following proposals are made.

Proposal 1: Initial configuration of UE-specific MPDCCH set message can only include the DM-RS scrambling sequences, NB index and coverage enhancement level. 

Proposal 2: UE-specific MPDCCH initialization should be carried out in UE-specific manner.
Proposal 3: Down-select the MPDCCH initialization manner from Alt.1A, Alt.3A and Alt.3B.
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