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1 Introduction
Determining coverage enhancement (CE) during random access procedure needs to consider all the messages/physical channels in the random access procedure, including PRACH, RAR, Msg3, Msg4, M-PDCCH. In this contribution, we discuss with the aim of completing the design of CE for the whole random access procedure based on the agreements in the previous meetings.
As for a physical channel using repetition after the initial random access procedure, the repetition level is up to network [1]. For the repetition level determination discussion in this contribution, we focus on the initial random access procedure.

2 Coverage enhancement for PRACH
The determination of starting PRACH repetition level (i.e. starting PRACH resource set) is one of the issues for PRACH CE. Both RAN1 #81 [2] and RAN2 #90 [3] had made the agreement that UE determines the staring PRACH resource set based on UE’s downlink measurement. However, it is pending confirmation from RAN4. Conclusion about this issue for PRACH CE was reached in the last RAN4 meeting. A LS was sent out which says it is possible to reliably distinguish between non-CE and CE (e.g. NC and 15 dB EC), and among CE of max. 2 levels (e.g. 5 dB EC and 15 dB EC) using RSRP based method at least for AWGN channels [4]. Based on the analysis in [5], determining starting PRACH resource set based on RSRP measurement has benefits on access time, power consumption, resource utilization, and medium specification impact. The agreement can be confirmed and RAN1 could leave the confirmation of this issue to RAN2.
For the PRACH repetition level after the first PRACH transmission, there were some agreements in RAN1#80 [6] and RAN1 80bis [7]:

Agreements:
· Multiple attempts are allowed for each PRACH repetition level

· There is a configurable number of attempts
· Number of attempts per PRACH repetition level can be different

· If UE does not receive a RAR after the allowed number of attempts, it moves to the next higher repetition level
Agreements:
· The configuration of the number of attempts can be separate per coverage level
· When UE receives RAR but fails contention resolution
· The UE uses its current repetition level until it reaches the maximum number of attempts for that level

However, UE behavior at the highest level was still FFS since RAN1#75 [8]: 

· At highest level, FFS on how many attempts are allowed, and the overall procedure (e.g. Backoff etc.).
Offline discussion in Rel-13 concluded that this should be handled after more agreements relating to attempts etc. were made. Given the progress up to RAN1#82, it is now clear that the allowed number of attempts at the highest level is also configurable with the same configuration mechanism as other repetition levels. In current random access procedure, if a UE fails random access and the number of preamble transmission attempts reaches the maximum allowed number of preamble transmission, the UE will indicate a random access problem to upper layers and delay the subsequent random access transmission by the backoff time if MAC configuration is not released. For the overall random access procedure in CE, a UE needs to indicate a random access problem to upper layers only when the UE fails random access and the number of attempts reaches the allowed value at highest level. The UE can behave as in current procedures, that is, the UE waits to start a new subsequent random access procedure after a delay or backoff time if MAC configuration is not released. 
Proposal 1: A UE operating CE indicates a random access problem to upper layers only when the UE fails random access and the number of attempts reaches the allowed value at highest level, and the UE waits a backoff time before it can start a new random access procedure.

RAN1 #82 achieved an agreement on PRACH transmission power [9]:
Agreement:

· No power ramping is introduced for PRACH with large repetition. Otherwise, PRACH power ramping procedure is based on current PRACH transmit power equation

As PREAMBLE_RECEIVED_TARGET_POWER in the current PRACH transmit power equation is defined in higher layer specification, the PRACH power ramping procedure can be left to RAN2. However, RAN1 needs to define what is the PRACH transmission power when no power ramping is applied. For PRACH with large repetition, a high transmission power is beneficial to compensate the large path loss and reduce the required repetition number, so that UE should send PRACH with the maximum transmission power.
Proposal 2: UE should send PRACH with the maximum transmission power for PRACH with large repetition.

3 Coverage enhancement for RAR / M-PDCCH scheduling RAR
RAR for Rel-13 low complexity UEs and UEs operating CE is carried by M-PDCCH-scheduled PDSCH as a working assumption [9]. For the repetition level of RAR, there was an agreement reached [2]:
Agreement:

· UE knows repetition level of transmission of RAR from the repetition level of its most recent PRACH

· FFS whether the repetition level is a function of the TBS of the RAR or not

· FFS the detailed mapping from the repetition level of PRACH to that of RAR

· NOTE: “Transmission of RAR” includes Option 1,2,3 for RAR transmission mechanism (which will be down-selected)

· If option 1 is adopted, the repetition level, subframe(s), frequency resource(s) here refers to that of M-PDCCH

If the working assumption is confirmed, the repetition level of M-PDCCH scheduling RAR is known by a UE from the repetition level of its most recent PRACH. For an M-PDCCH repetition level, there can be multiple R configured and the UE is able to determine R.

For the PDSCH carrying RAR, multiple repetition levels are supported for different CE requirements. The repetition level stands for the channel condition of a UE which does not change dynamically. For a specific repetition level of PRACH, the repetition number actually required depends on TBS (related to number of RAR carried), frequency hopping gain, allocated PRBs. There need to be a set of repetition numbers configured by higher layers for a specific repetition level. For the repetition level determination of PDSCH carrying RAR, since there is no further information regarding the repetition level as well as CE requirement to be indicated in DCI scheduling RAR, the repetition level should be also determined by UE’s most recent PRACH. The actual repetition number under the determined repetition level can be dynamically indicated based on the set of values configured by higher layers explicitly or implicitly.
Proposal 3: If the working assumption for RAR transmission is confirmed, it is also applied for PDSCH carrying RAR that UE knows repetition level of transmission of RAR from the repetition level of its most recent PRACH.
The detailed mapping from the repetition level of PRACH to that of RAR as well as other details for RAR CE can be referred to [10] [11][12].

4 Coverage enhancement for Msg3

Repetition level

For Msg3, eNB can indicate the repetition level of Msg3 semi-statically by RAR based on its decision. However, indicating the repetition level of Msg3 in RAR adds the content carried in RAR, which would then take longer to receive in repetitions and increase UE active time. There is also no further source of coverage information available to the eNB when sending RAR to adjust the repetition level for Msg3. It is questionable if the increase for the content of RAR would be worthwhile in this context. 
As another method without the additional signaling overhead, the repetition level can also be determined from the repetition level of UE’s most recent PRACH. Since PRACH has a similar MCL with PUSCH for both Rel-13 low complexity UEs and normal complexity UEs (1dB difference), the number and selection of Msg3 repetition level could be the same as PRACH repetition level. The repetition number (bundling size) of a repetition level for Msg3 should have a relationship with TBS.

Frequency resources

The frequency resources for Msg3 for UE operating CE include the narrow band location and the resource allocation within the narrowband. In current LTE system, the PUSCH transmission for Msg3 is scheduled by UL grant in RAR or DCI in CSS with the CRC scrambled by Temporary C-RNTI for the retransmission.

For Rel-13 low complexity UEs and  UEs operating CE, uplink grant in RAR is agreed to be used for the initial HARQ transmission of Msg3 [13]. In normal and small CE, the resource allocation (RA) for initial Msg3 transmission carried in the uplink grant is based on a narrowband index and further a resource allocation within the indicated narrowband. However for large CE, to reduce the message size of RAR, the initial narrowband of PUSCH transmission for Msg3 or the start narrow band of the frequency hopping pattern can be the same as that of PRACH transmission or can be derived from the DL narrowband and default TX-RX frequency separation. For the resource allocation within the narrowband at least for large CE, only 1 PRB pair is allocated for Msg3 because it has the benefit for reducing repetition number by allowing PSD boosting. The frequency resource for PUSCH retransmission for Msg3 can be the same with the initial narrow band or determined by the predefined frequency hopping for a compact DCI.

Transmission power
For transmission power setting for Msg3 in need of CE, TPC command is not required and the maximum transmission power can be used. RAR and DCI are simplified by removing this field. 
Timing
In current specification, if a PDCCH with associated RA-RNTI is detected in subframe n, and the corresponding RAR contains a response to the transmitted preamble sequence, the UE shall start transmitting Msg3 in the first available UL subframe 
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For MTC UEs operating CE, the starting time for Msg3 transmission should also be defined. However, the current definition cannot be reused as the starting time for Msg3 transmission needs to consider the repetition number of RAR and/or M-PDCCH scheduling RAR.
The Msg3 retransmission timing could follow the same mechanism as that for UL data transmission, which depends on the design of ACK/NACK feedback for PUSCH.

We have the following proposal for Msg3 CE:

Proposal 4: For MTC UEs operating CE to transmit Msg3:

· The UE sets the repetition level of Msg3 according to the repetition level of its last PRACH transmission. 
· The initial narrowband or the start narrow band of the frequency hopping pattern for Msg3 can be the same as that of PRACH transmission or can be derived from the default TX-RX frequency separation for large CE.
· The UE transmits Msg3 in one PRB pair at least for large CE.
· The UE sets the transmit power for Msg3 to the maximum power.
· The starting time for Msg3 transmission should consider the repetition number of RAR and/or M-PDCCH scheduling RAR.

5 Coverage enhancement for Msg4 and M-PDCCH scheduling Msg4

Repetition level

M-PDCCH scheduling Msg4 can be regarded as the first USS UEs need to monitor if the M-PDCCH USS can be initialized before Msg4. As is agreed in [7], a subset of {ECCE aggregation level, number of repetition} combinations can be semi-statically configured for constructing a USS by higher-layer signaling and it is FFS whether signaling is implicit or explicit. If the subset of the above combination is configured explicitly separately for each UE, the signaling overhead would be large as each signaling contains the configuration of the subset. Alternatively, multiple subsets of the above combinations corresponding to multiple M-PDCCH repetition levels are broadcast by MTC SIB. UEs only need to determine its M-PDCCH repetition level and choose the corresponded subset implicitly to monitor. Other parameters for an M-PDCCH candidate such as starting subframe and starting ECCE need to be dedicated configured [14].
The repetition level of M-PDCCH scheduling Msg4 can be indicated semi-statically by RAR. The RAR indication has similar drawbacks as discussed above for Msg3. Determining the repetition level M-PDCCH scheduling Msg4 based on PRACH repetition level is a signal saving option.

The repetition level of Msg4 itself can be determined in a similar way and will not change dynamically. Similar to RAR, under the determined repetition level of Msg4, there need to be a set of repetition numbers configured by higher layers and the actual number used is to be further indicated dedicatedly by DCI or RAR.
Frequency resources

The PRB allocation for M-PDCCH scheduling Msg4 can be carried in M-PDCCH initialization configuration if it can be known prior to Msg4. And in the same way as other unicast data, MPDCCH indicates one of narrow-band and further indicate resource allocation within narrow-band for Msg4.
Timing

The subframe UE starts to monitor M-PDCCH scheduling Msg4 should be the first configured starting subframe of an M-PDCCH USS after UE successfully receives ACK for Msg3, if UE monitors M-PDCCH scheduling Msg4 in USS. Cross subframe scheduling could be applied in the same way for Msg4 as for other unicast data.
Although only ACK is transmitted for Msg4 feedback as in the current specification, the timing of Msg4 retransmission is the same as the timing for other unicast data no matter only ACK or both ACK and NACK are needed for other unicast data. Even only ACK feedback is transmitted, eNB needs to detect in the PUCCH resource to determine whether ACK exists and the later retransmission is needed or not.

For Msg4/ M-PDCCH scheduling Msg4 CE, the proposal is:

Proposal 5: UE knows repetition level of Msg4/ M-PDCCH scheduling Msg4 based on the repetition level of its most recent PRACH.
6 Conclusions
In this contribution, the whole random access procedure is discussed for operating CE. We give following proposals to get progress for completing the design in this aspect:
Proposal 1: A UE operating CE indicates a random access problem to upper layers only when the UE fails random access and the number of attempts reaches the allowed value at highest level, and the UE waits a backoff time before it can start a new random access procedure.

Proposal 2: UE should send PRACH with the maximum transmission power for PRACH with large repetition.

Proposal 3: If the working assumption for RAR transmission is confirmed, it is also applied for PDSCH carrying RAR that UE knows repetition level of transmission of RAR from the repetition level of its most recent PRACH.
Proposal 4: For MTC UEs operating CE to transmit Msg3:

· The UE sets the repetition level of Msg3 according to the repetition level of its last PRACH transmission. 
· The initial narrowband or the start narrow band of the frequency hopping pattern for Msg3 can be the same as that of PRACH transmission or can be derived from the default TX-RX frequency separation for large CE.
· The UE transmits Msg3 in one PRB pair at least for large CE.

· The UE sets the transmit power for Msg3 to the maximum power.

· The starting time for Msg3 transmission should consider the repetition number of RAR and/or M-PDCCH scheduling RAR.
Proposal 5: UE knows repetition level of Msg4/ M-PDCCH scheduling Msg4 based on the repetition level of its most recent PRACH.
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