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1 Introduction

In RAN1#78bis meeting, there were the following agreements achieved: 
· Regarding the physical downlink control channel for MTC: 
· It is used to transmit DCI messages to Rel-13 low complexity UEs 

· Its usage for other purposes than unicast transmission is FFS 

· Its usage for other UEs in enhanced coverage is FFS 

· It is a narrowband (within 6 PRBs) control channel 

· Its demodulation is based on CRS and/or DMRS (FFS) 

· It is not mapped to legacy control regions 

· Its design is based on PDCCH or EPDCCH unless some aspects are agreed as not applicable 

· This does not preclude the consideration of Rel-13 low complexity UE accessing 1.4 MHz system BW using legacy (E)PDCCH 
The above agreements provide a general design principle of DL control channel for Rel-13 low-complexity (LC) MTC UEs. In this contribution, we would like to further analyze the broadcast transmission, i.e. common message such as SIBs, paging and random access response (RAR) as well as impacts on LC UEs with and without coverage enhancement (CE).
2 Transmission of common messages for low complexity Rel-13 UEs
As also agreed in the last RAN1 meeting, 

· Reduced UE bandwidth of 1.4 MHz in downlink and uplink is prioritized as the most important complexity reduction technique for Rel-13 MTC UEs. 
If assuming Rel-13 MTC UEs are operated within a 1.4 MHz narrow band, the legacy PDCCH which is mapped across the entire system bandwidth cannot be used to carry common messages at this time. The information can then be indicated via two alternatives for Rel-13 MTC UEs:

Alt 1 EPDCCH-CSS transmission
· Common messages on PDSCH are received by monitoring common search space (CSS) on EPDCCH. A new CSS on EPDCCH need to be designed. This has been introduced in our previous contribution [3] and some detailed analysis can be found in companion contribution [4].
Alt 2 Control-less transmission
· Common messages are allocated on fixed or predefined PDSCH resource. No need of control/scheduling information through such as EPDCCH.
In the Rel-12 MTC we have introduced Alt 2 as PDCCH-less method [5]. In the Rel-13 targeting LC UE we may need to revisit this approach when EPDCCH is applied within 1.4 MHz narrow band and our analysis are given below.

2.1 Requirement differences between common message and UE-dedicated message 
There are obvious benefits from using EPDCCH to schedule UE-dedicated message on PDSCH. Various UEs, i.e. with different traffics, locations and mobility, experience different channel condition. To take each UE’s channel state into account and achieve the most flexibility within available resource, the eNB needs to be able to fully control what UE is served at a certain time-frequency resource. When a control channel is used for dedicated message transmission, it can acquire some frequency diversity gain with distributed RB assignments and can be allocated at suitable sub-carriers with improved channel condition. In a word, the corresponding PDSCH for each UE should be indicated via a physical control channel which should be EPDCCH on narrow band.

Common messages include SIBs, paging and RAR. They are carried on PDSCH but targeting for all UEs, and should be always available even for the cell edge UEs. Then, robustness rather than flexibility are the most important issue for transmission and EPDCCH scheduling does not help to obtain per-UE benefits.
Furthermore from UE perspective, in the Rel-13 MTC low complexity, low power consumption and coverage are the focus. Any control information for PDSCH as well as its corresponding feedback would additionally increase the UE decoding complexity/times and hence take more power consumption. 
For coverage limited UEs such issue becomes more serious if any control information is applied. More control channel elements (eCCE) will be required during repetitions while the maximum number of eCCEs for the common search space is 16 in a subframe, the eCCE blocking probability would increase if no new common search space is defined. In addition, EPDCCHs for common messages may collide with each other for coverage limited UEs and UEs in good channel conditions within the only 6 PRBs. Obviously the UE’s access time, paging-to-awaking time will be prolonged and the UE’s power consumption will be increased.
Observation 1: For the Rel-13 MTC UEs, it is beneficial to have a control for dedicated message transmission, but for common message transmission such control may raise some issues on complexity/power saving without a suitable EPDCCH-CSS design.
2.2 Control-less transmission realization
Because of the observation captured above, control-less transmission of common message is attractive in some aspects and worth considering more. When (E)PDCCH is entirely removed, some aspects need to be taken into account, including resource allocation determination, MCS/TBS indication, RV indication and RAR window maintenance.

Resource allocation
Resource block assignment for common message in legacy (E)PDCCH is indicated by DCI format 1A. Without flexible indication, that resource can be known by UE in a fixed or predefined way, i.e. at fixed allocation with a predefined granularity. A similar mechanism can be found for the transmission of Master Information Block (MIB). When applied to such as paging, it will need standard efforts to determine a suitable resource allocation to be fixed in the specification, including possible adjustment to the UE-specific paging cycles. It may result in some performance degradation for receiving common message, but should not be a big issue considering the code rate of a common message is normally quite low. It would also need further consideration for minimizing the impact on resource multiplexing for the MTC UEs with legacy UEs within the limited 6 PRBs. 
MCS/TBS

Currently the MCS/TBS of RAR, paging and SIBs are indicated in DCI 1A with CRC scrambled by RA-RNTI, P-RNTI, or SI-RNTI respectively. Without EPDCCH indication, the MTC UEs can be aware of the MCS/TBS by specification assistance. Actually due to the robustness requirement, TBS for common messages are varying within a relative small range. A fixed value or predefined subset of the existing value of their TBS in the end would not degrade the decoding performance significantly.
RV
In DCI format 1A, redundancy versions (RV) for common message vary and are given by 2 bits indicator. If the DCI format 1C CRC is scrambled by P-RNTI or RA-RNTI for paging and RAR respectively, the RV is set to a fixed value 0 which includes the system bit information. Otherwise if the DCI format 1C is scrambled by SI-RNTI, the corresponding RV is derived according to a formula, represented as RVK = ceiling(3/2*k) modulo 4, where k depends on the type of system information message. This MAC layer mechanism can be maintained for the Rel-13 MTC UEs in case that no control information is provided in the physical payer. 
RAR window

RAR window is used for UE monitoring a PDCCH with associated RA-RNTI, upon detection of which the corresponding PDSCH for RAR message can be decoded. The size of RAR window is determined by the parameter ra-ResponseWindowSize, which can be the number between 0 and 10 in the unit of subframes. This value can be a reference to determine a suitable resource for the Rel-13 MTC UEs receiving RAR directly from PDSCH transmission.
In general, the control-less method can be realized by imposing some restrictions for transmission of common messages, which may consequently cause flexibility and performance loss but at the same time enjoy significant complexity and power saving. Therefore we would like to propose:
Proposal 1: Consider control-less transmission of common messages for low complexity Rel-13 UEs
· The determination of resource allocation and/or MCS/TBS could be fixed or pre-defined.

· The details are FFS.
3 Conclusions
In this contribution we achieved the following observation and proposal:
Observation 1: For the Rel-13 MTC UEs, it is beneficial to have a control for dedicated message transmission, but for common message transmission such control may raise some issues on complexity/power saving without a suitable EPDCCH-CSS design.
Proposal 1: Consider control-less transmission of common messages for low complexity Rel-13 UEs
· The determination of resource allocation and/or MCS/TBS could be fixed or pre-defined.

· The details are FFS.
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