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1 Introduction

RAN1#79 noted the following as FFS, i.e. for further study:

	· FFS: SIB/RAR/Paging operation without ‘Physical downlink control channel for MTC’ for Rel-13 low complexity UEs and UEs in enhanced coverage

· FFS: Common search space of ‘Physical downlink control channel for MTC’ for Rel-13 low complexity UEs and UEs in enhanced coverage


In this contribution we elaborate further on the need for a common search space for the ‘Physical downlink control channel for MTC’ (referred to as ‘EPDCCH’ in throughout this contribution).
2 SIB
RAN2#89 agreed the following with respect to system information to Rel-13 low complexity and coverage enhanced UEs [2]:

	1
RAN2 intends to maintain the flexibility similar to the one offered by the current SIB concept, i.e., the size of the SIBs should not be fixed. It should be possible to configure features in SIB as required by the operator while trading against achievable coverage. 

1a
RAN2 will aim to align the SIB/SI formats and scheduling in accordance with the recommendations received from RAN1. RAN2 will confirm the SIB concept with RAN1.

2
RAN2 intends to branch from SIB1, i.e., LC/EC UEs receive a separate occurrence of SIB1 and others (different time/frequency resources). The new SIB1 is common for EC and LC. FFS whether we reuse the existing SIB IEs or introduce one or more SIBs. 

3
In order to efficiently support cell selection and reselection it would be desirable to transmit SIB1 information separately from other SIBs (in particular to low cost UEs in normal coverage). However, it needs to be investigated whether this is feasible in terms of overhead and total acquisition time. 

4
From RAN2 point of view the scheduling information (time, frequency and MCS/TBS) allowing acquiring of “SIB1” for LC/EC UEs could e.g. be in MIB, i.e., dynamic L1 information in PDCCH is not needed. The required granularity for supported transmission formats and whether it is feasible to indicate this in MIB requires further discussion. 

5
From RAN2 point of view the “SIB1” for LC/EC UEs could contain scheduling information (time, frequency and MCS/TBS) allowing acquiring subsequent SIBs without reading PDCCH. 

6
RAN2 confirms that the TB size restriction of 1000 bit for broadcast is acceptable from RAN2 point of view. This is based on the assumption that the network provides separate SIBs (different time/frequency resources) to LC/EC UEs and legacy UEs. 


Based on agreements #4 and #5 above, we have the following proposal.

Proposal:

· Use EPDCCH-less SIB transmission to Rel-13 LC/CE UEs.

3 RAR and paging
In [3] and [4] we analyze the required resource allocation for RAR and paging messages. Our conclusion for both RAR and paging is that even a single message intended for a single Rel-13 low complexity (LC) or coverage enhanced (CE) UE will require substantial resources in order to be received reliably. Most likely a message intended for a single UE will require repetition over several subframes even if it is mapped to all available resource elements in all 6 PRBs that can be received simultaneously by a LC/CE UE.

MCS/TBS: With only one UE per message and 6 PRBs allocated to the PDSCH transmission, the possible number of MCS/TBS for the message will be limited. The complexity of the UE blindly decoding the possible MCS/TBS is then limited and an EPDCCH-less operation can be used simplifying the system further. With only a small set of valid transport block sizes available in this range, it may not be necessary to indicate the PDSCH MCS/TBS in EPDCCH, but rely on blind PDSCH MCS/TBS detection without the need to transmit EPDCCH.

· A legacy RAR message for one UE has a size of 56 bits [5]

 REF _Ref410408356 \r \h 
[6]. If there would just be a single RAR message size also for Rel-13 LC/CE UEs, there would not be any need for blind MCS/TBS detection. This seems promising from device complexity and power consumption point of view.

· A legacy paging record can vary in size between 25 to 61 bits [7]

 REF _Ref410408365 \r \h 
[8]. This seems to indicate that some flexibility with respect to the resource allocation for transmission of a paging message is needed, but since there are only a few available valid TBS within this range, blind detection is still feasible. In order to limit the amount of MCS/TBS further, some padding could be applied in order to fit multiple payload sizes into the MCS/TBS. Similar coverage for large paging records as for small paging records can be achieved by increasing the number of repetitions or by applying some power boosting (the latter may be attractive from UE power consumption point of view).

· Thus the situation may appear more complicated for paging message than for RAR messages. It should however be noted that the UE may be able to exploit the fact that the content of a paging record intended for the UE can be regarded as more or less known information by the UE since it contains one of the UE IDs identifying the UE, i.e. the UE knows what it is looking for. A correlation operation could possibly be an efficient alternative to the turbo decoding operation.

Frequency location: Beside the MCS/TBS, the frequency location needs to be derived somehow if it is not indicated by EPDCCH. In [3] and [4] we suggest that the RAR frequency location could be derived from the PRACH preamble sequence selected by the UE whereas the paging message frequency location could be derived from the UE ID (similarly to how the legacy paging occasion is given by the UE ID). However, both of these approaches will introduce a certain collision probability resulting in some level of blocking.

· For RAR messages, the analysis in [3] suggests that the blocking probability will be manageable at least if some queuing is allowed. The legacy RAR window mechanism can be adapted to provide this queuing for LC/CE UEs.

· For paging messages, the analysis in [4] indicates that blocking increases if dynamic scheduling is not supported. Queuing of paging messages potentially increases the UE power consumption if the UE is forced to do monitoring for paging messages during a longer time at every paging occasion, but this can be limited so lengthened monitoring only occurs when a blocking takes place. The need for EPDCCH is then limited.

Number of repetitions: The number of repetitions for the RAR message can be derived from the PRACH repetition level assuming that the mapping between the two is either fixed or broadcasted as system information. How to signal and/or determine the number of repetitions for a paging message in the best way requires further study.
Based on our analysis, we have the following proposals.

Proposals:

· Use EPDCCH-less RAR transmission to Rel-13 LC/CE UEs.

· Use EPDCCH-less Paging request transmission to Rel-13 LC/CE UEs.

4 Conclusions

Based on the considerations presented in this document we have the following proposals.
Proposals:

· Use EPDCCH-less SIB transmission to Rel-13 LC/CE UEs.

· Use EPDCCH-less RAR transmission to Rel-13 LC/CE UEs.

· Use EPDCCH-less Paging request transmission to Rel-13 LC/CE UEs.

References
[1] RP-150492, “Revised WID: Further LTE Physical Layer Enhancements for MTC”
[2] R1-151252, “LS on system information for Rel-13 low complexity and coverage enhanced UEs”, RAN2, Ericsson

[3] R1-150026, “RAR transmission for MTC”, Ericsson

[4] R1-150028, “Paging for MTC”, Ericsson

[5] R2-150456, “Random access procedure for low complexity and coverage enhanced UEs”, Ericsson

[6] TS 36.321, “Evolved Universal Terrestrial Radio Access (E-UTRA); Medium Access Control (MAC) protocol specification”

[7] R2-150457, “Paging for Rel-13 low complexity and coverage enhanced UEs”, Ericsson

[8] TS 36.331, “Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control (RRC); Protocol specification”

2/3


