
Athens, Greece, 9th – 13rd February 2015
Source:
Panasonic
Title: 
Coverage enhancement levels for MTC
Agenda Item:

7.2.1.2.2
Document for:
Discussion and Decision
1 Introduction
As written in [1], bundling/repetition are the main technique aiming for enhanced coverage in Rel-13 MTC. The bundling size/repetition number may be different among cells/UEs/channels. This document will discuss how the bundling size/repetition number is known by eNB and UEs.
2 Discussion
Multiple coverage enhancement (CE) levels need to be supported for Rel-13 CE MTC as always to use largest coverage enhancement is quite inefficient radio usage. And for each CE level, the bundling size/repetition number is different among different physical channels. Therefore, for one channel in one CE level, it corresponds to one specific bundling size/repetition number. 
2.1 Common channels
Common channels should be received correctly by all the served MTC UEs in the cell. The served UEs are located in different enhanced coverage. To make sure all the UEs can obtain the information, the common channels need to be transmitted based on the worst case of the cell. Two types of the channels needs to be discussed separately.

Type A: The common channels monitored by UEs without any prior information of the cell

For this type of common channels, it should be sent with predefined repetition number for the highest coverage enhancement target, i.e., 15dB. These channels are:

· PBCH (MIB)
· MPDSCH containing SIB1 

Our view is MPDSCH containing SIB1 does not require control channel like MPDCCH. By PCID and information obtained from PBCH, the hopping pattern within system bandwidth for MPDSCH containing SIB1 is determined [2]. The whole 6 PRBs are used for this MPDSCH for SIB1 in order to reduce the awake time of the UE. The subframe positions including repetition level and periodicity of SIB1 should be fixed in the specification.  
For PBCH, it is agreed that the repetitions are combined within 40 ms window as UE cannot soft combine the repetitions beyond 40 ms due to the changed of SFN value. For MPDSCH containing SIB1, the possible boundary of SIB1 changes needs to be specified related to SFN and SIB update procedure. Our current view is that it is sufficient if SIB1 content changes only occurs at SFN=0. 
The subframe position of PBCH and MPDSCH containing SIB1 is fixed in the specification but how many subframes are soft combined is up to UE’s implementation for this type of channels. 
If MPDCCH is required for SIB1 transmission in addition to MPDSCH, the MPDCCH is also categorized as a Type A channel.
Proposal 1: PBCH and MPDSCH containing SIB1 are transmitted in predefined subframe positions including repetition level and periodicity.
Type B: The common channels monitored by UEs with some information of the cell.

The intended supporting coverage enhancement (CE) levels for the cell is determined by the deployment. Some deployment may use maximum 15 dB coverage enhancement and some deployment may only use 5 dB coverage enhancement.  For the Type B common channels shown below, the coverage enhancement level is cell-specific.

· MPDSCH containing SIBs other than SIB1
· MPDSCH(or PCH) related to paging

· MPDSCH related to at least contention based random access response
The subframe positions including repetition level and periodicity of SIBs other than SIB1 are signalled by SIB1 taking into account the deployment difference. Then UE can receive SIBs other than SIB1 accordingly. As for SIB1, all 6 PRBs are used and the subframe positions are conveyed by SIB1. Therefore, MPDCCH is also not required for SIBs other than SIB1. 
Paging and contention based random access response (RAR) related configurations including repetition levels are signalled by some SIB. Our view on paging is described in [3]. 
Proposal 2: The subframe positions including repetition level and periodicity for MPDSCH containing SIBs other than SIB1 are signalled in SIB1.
Proposal 3: The subframe positions including repetition level and periodicity for paging and contention based RAR are signalled in SIB.
2.2 Unicast related channels

For unicast channels, the bundling size/repetition number is determined according its own coverage enhancement requirement.  
· PRACH
The repetition number is selected by UE among predefined repetition numbers based on UE measurement of RSRP. As discussed [4]
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[5], starting from lowest level or based eNB configurations are also possibilities.
· RAR related channel
Random access response (RAR) is transmitted with the bundling size/repetition number corresponds to the CE level of PRACH format UE selected. The relations are signalled by SIB. RAR is carried by PDSCH, MPDCCH or some other methods require more discussions.
· MPUSCH related to Message 3
Message 3 contains UE ID. In addition, it may contain further CE level related information measured by UE. The bundling size/repetition number of MPUSCH related to Msg3 would be indicated by RAR or related to the CE level of PRACH format UE selected.
· Message 4 related channel
By Message 4, contention resolution is finished. It may be carried by only MPDCCH together with some possible signalling. The bundling size/repetition number of the channel carrying Message 4 would be indicated by RAR or related to the CE level of PRACH format that the UE selected.
Proposal 4: The repetition level of RAR related channel corresponds to the CE level of PRACH format UE selected.
Proposal 5: The repetition level of Message 3 and Message 4 is indicated by RAR or related to the CE level of PRACH format that the UE selected.
During or after the random access procedure, UE measurement related CE level (based on RSRP measurement, the number of random access attempt and so on) is conveyed to the network. Some part is implicitly conveyed via PRACH format selection.  In Message 4, the CE level is conveyed to the UE. The unicast channel followed can be transmitted according to the conveyed CE level. 
· MPDCCH in USS (UE specific search space)
The expected repetition number is corresponding to the CE level configured by eNB. The actual repetition number in each transmission can be less due to the PSD boosting. The related behaviour is described in [6]. 
· MPUCCH

The repetition number is corresponding to the CE level configured by eNB. 
· MPDSCH/MPUSCH for unicast transmission
The bundling size/repetition number and the starting subframe are signalled by the DCI in associated MPDCCH. Possible range of bundling size/repetition number may be restricted by CE level.
· MPHICH
MPHICH behaviour is described in [3].
Proposal 6: The repetition level of MPDCCH in USS and MPUCCH is configured by eNB.

Proposal 7: The repetition level of MPDSCH/MPUSCH for unicast is signalled by associated DCI in MPDCCH.
3 Conclusion

This paper mainly discussed the determination of the bundling size/repetition number in enhanced coverage mode. We have following proposals:
Proposal 1: PBCH and MPDSCH containing SIB1 are transmitted in predefined subframe positions including repetition level and periodicity.

Proposal 2: The subframe positions including repetition level and periodicity for MPDSCH containing SIBs other than SIB1 are signalled in SIB1.
Proposal 3: The subframe positions including repetition level and periodicity for paging and contention based RAR are signalled in SIB.
Proposal 4: The repetition level of RAR related channel corresponds to the CE level of PRACH format UE selected.
Proposal 5: The repetition level of Message 3 and Message 4 is indicated by RAR or related to the CE level of PRACH format that the UE selected.
Proposal 6: The repetition level of MPDCCH in USS and MPUCCH is configured by eNB.

Proposal 7: The repetition level of MPDSCH/MPUSCH for unicast is signalled by associated DCI in MPDCCH. 
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