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1 Introduction
Many agreements related to RACH procedure for Rel-13 eMTC UEs have been reached. In this contribution, we go over the RACH procedure for Rel-13 eMTC UEs based on the existing agreements, and further discuss several remaining open issues.
2 Msg1
It has been agreed that eNB can configure up to 4 resource sets for PRACH preamble transmission, and there is a 1-to-1 mapping between PRACH repetition levels and PRACH resource sets, i.e. one PRACH resource set targeting for each coverage enhancement level. The number of PRACH repetitions and the number of PRACH attempts for each PRACH repetition level can be separately configured by the eNB. Furthermore, it is agreed that no power ramping is used for PRACH transmission with large repetition and the existing PRACH power ramping procedure is based on the current formula. For PRACH transmission without power ramping, it is preferable that the eNB configures separate PRACH resources for the multiple coverage enhancement levels corresponding to “large repetition” (which still needs to be clarified) due to the near-far effects. However, the PRACH resource set configuration is up to eNB implementation and there is little motivation to limit the flexibility of PRACH resource set configuration for each coverage enhancement level.
3  Msg2 and its M-PDCCH
After an eMTC UE transmits a PRACH preamble, the UE shall monitor an M-PDCCH CSS in order to receive the Msg2 (i.e. RAR). The UE at least needs to know the following parameters regarding the M-PDCCH CSS for RAR (referred to as the “RAR M-PDCCH CSS”):
· Starting subframe for the RAR M-PDCCH CSS
· The narrow band index for the RAR M-PDCCH CSS
· The set of PRBs within the narrow band for the RAR M-PDCCH CSS
· A set of M-PDCCH candidates for the RAR M-PDCCH CSS, each defined by a pair of (L, R)
· The transmission type (localized vs. distributed) for the RAR M-PDCCH CSS
· The DMRS scrambling sequence ID for the RAR M-PDCCH CSS
While it is possible to include the above parameters in SIB1bis, it deserves careful study on whether these parameters can be fixed by specification, which reduces the SIB1bis overhead. For instance:

· The starting subframe for the RAR M-PDCCH CSS can implicitly derived from the starting subframe of the corresponding PRACH transmission.

· The narrow band for the RAR M-PDCCH CSS can be the same as the narrow band containing the corresponding PRACH transmission.

· The set of PRBs within the narrow band for the RAR M-PDCCH CSS can be fixed to 6. It is noted that for large repetition, at least one candidate in the RAR M-PDCCH CSS shall occupy all 6 PRBs in the narrow band.  

· A set of M-PDCCH candidates can be fixed in specification for the RAR M-PDCCH CSS. It is possible that different sets of M-PDCCH candidates can be defined corresponding to different PRACH repetition levels.

· The transmission type for the RAR M-PDCCH CSS can be fixed to “distributed”, due to the fact that the eNB may not know the UE mobility status during the RACH procedure.
· The DMRS scrambling sequence ID for the RAR M-PDCCH CSS can be fixed to the PCID, since SDMA for the M-PDCCH CSS is anyway unlikely to be employed.
Proposal 1: The settings of the necessary parameters for the RAR M-PDCCH CSS shall be fixed in specification unless flexibility is absolutely necessary, in order to reduce the SIB1bis size.
After the eMTC UE successfully decodes an M-PDCCH scheduling an RAR, the UE proceeds to RAR reception. There was an agreement that the RAR repetition number is derived from the most recent PRACH repetition level and it is FFS whether the RAR repetition number is a function of the TBS of the RAR. On the other hand, RAR is transmitted on PDSCH and is scheduled by an M-PDCCH, which is similar to unicast PDSCH. Therefore, any decision for PDSCH transmission can be reused, in particular the following:

· The DCI scheduling the RAR indicates the number of repetitions for the RAR;

· The DCI scheduling the RAR indicates the narrow band containing the RAR;

· The timing relation between the M-PDCCH and PDSCH, i.e. the PDSCH starts in subframe n+k, where n is the subframe where the repetitions of the decoded M-PDCCH message(s) ends, where k is defined by other agreements
Proposal 2: The DCI scheduling RAR indicates the number of repetitions and narrow band for RAR, and the timing relationship between the M-PDCCH carrying the DCI and the RAR is fixed by specification. 

4 Msg3 and its M-PDCCH
The initial transmission of a Msg3 is performed according to the UL grant contained in the RAR (called RAR grant). In additional to the existing fields in the RAR grant, the following new fields can be included in the RAR grant:

· The number of repetitions for Msg3 transmission

· The narrow band for Msg3 transmission

The starting subframe for Msg3 transmission can be fixed by specification, e.g. the RAR transmission ends in subframe n, then the Msg3 transmission starts in the first subframe n+k, where k shall be further determined. Note that k >=6 for legacy system.

Proposal 3: The UL grant in RAR for scheduling Msg3 shall include the number of repetitions and the narrow band index for the Msg3 transmission. The timing relationship between the RAR and Msg3 is fixed in specification.
For possible retransmission of the Msg3, the eMTC UE needs to monitor an M-PDCCH search space (referred to as the “Msg3 ReTx M-PDCCH SS”). Following the same line of thinking for the RAR M-PDCCH CSS, it is beneficial that most of the parameters for the Msg3 ReTx M-PDCCH SS are fixed by specification (e.g. in the same way as the RAR M-PDCCH CSS), thus reducing the signaling overhead. However, it is beneficial to allow the eNB to dynamically assign a different narrow band for the Msg3 ReTx M-PDCCH SS than the narrow band for the RAR M-PDCCH CSS, which would provide eNB more flexibility in terms controlling the narrowband usage in case there are many eMTC UEs performing RACH at the same time. The narrow band index for the Msg3 ReTx M-PDCCH SS can be included in the RAR.
Proposal 4: A Rel-13 eMTC UE monitors a Msg3 ReTx M-PDCCH SS after transmitting an Msg3, for possible UL grant scheduling a retransmission of the Msg3. The narrow band for the Msg3 ReTx M-PDCCH SS is indicated in the RAR, and other parameters for the Msg3 ReTx M-PDCCH SS is fixed by specification in a similar way as the RAR M-PDCCH CSS.
5 Msg4 and its M-PDCCH
After the eMTC UE transmits the Msg3, the UE shall monitor a Msg4 M-PDCCH SS, which is used to transmit the DL grant scheduling Msg4. Similar to the Msg3 ReTx M-PDCCH SS, it is preferable that most of the parameters for the Msg4 M-PDCCH SS are fixed by specification, e.g. in the same way as the RAR M-PDCCH CSS. The narrow band containing the Msg4 M-PDCCH SS can be the same as that of the Msg3 ReTx M-PDCCH CSS, i.e. indicated in the RAR. This would allow the eNB to use different narrow band to complete the Msg4 transmission to multiple UEs, in case there are many eMTC UEs performing RACH procedure around the same time. The flexibility to indicate the narrow band of Msg3 ReTx M-PDCCH SS and Msg4 M-PDCCH SS is especially beneficial for large repetition levels, as one whole narrow band and multiple subframes shall be used to transmit the DL/UL grant and the PDSCH. It is noted that to a large extent, the Msg3 ReTx M-PDCCH SS can be the same as the Msg4 M-PDCCH SS, perhaps with the exception on the starting subframes to monitor the Msg3 ReTx M-PDCCH SS and the Msg4 M-PDCCH SS.

Proposal 5: A Rel-13 eMTC UE monitors a Msg4 M-PDCCH SS after transmitting an Msg3. The narrow band for the Msg4 M-PDCCH SS is indicated in the RAR and is the same as the narrow band for the Msg3 ReTx M-PDCCH SS. Other parameters for the Msg4 M-PDCCH SS is fixed by specification in a similar way as the RAR M-PDCCH CSS.

In case there are many UEs in large repetition are performing RACH procedure around the same time, the eNB may run out of resources to transmit the many Msg4 at the same time. As a consequence, the eNB may have to transmit the many Msg4 in a TDM fashion. Yet, the many UEs expecting their respective Msg4 keep monitor their Msg4 M-PDCCH SS, which unnecessarily wastes the UE power. Hence, it is beneficial to allow the eNB to tell some of the UEs to delay monitoring the Msg4 M-PDCCH SS. Such indication can be included in the RAR.

Proposal 6: A defer field is included in the RAR and the defer field indicates a time defer (e.g. in terms of ms) before the UE starts monitoring the Msg4 M-PDCCH SS.

After the UE decodes the M-PDCCH scheduling Msg4, the UE proceeds to receive the Msg4. The narrow band, repetition number, and other scheduling information for Msg4 is indicated in the corresponding DCI. It is possible that the initialization of the UE specific M-PDCCH SS can be included in the same PDSCH containing the Msg4. Before the UE specific M-PDCCH SS is initialized, the eMTC UE can continue monitoring the Msg4 M-PDCCH SS to receive DL data.

Proposal 7: The eMTC UE continues monitoring the Msg4 M-PDCCH SS to receive the DL data, if the UE specific M-PDCCH SS is not initialized.  
6 Conclusions
In this contribution, we discuss some remaining issue on RACH procedure for Rel-13 eMTC. The following proposals are made:
Proposal 1: The settings of the necessary parameters for the RAR M-PDCCH CSS shall be fixed in specification unless flexibility is absolutely necessary, in order to reduce the SIB1bis size.

Proposal 2: The DCI scheduling RAR indicates the number of repetitions and narrow band for RAR, and the timing relationship between the M-PDCCH carrying the DCI and the RAR is fixed by specification. 

Proposal 3: The UL grant in RAR for scheduling Msg3 shall include the number of repetitions and the narrow band index for the Msg3 transmission. The timing relationship between the RAR and Msg3 is fixed in specification.
Proposal 4: A Rel-13 eMTC UE monitors a Msg3 ReTx M-PDCCH SS after transmitting an Msg3, for possible UL grant scheduling a retransmission of the Msg3. The narrow band for the Msg3 ReTx M-PDCCH SS is indicated in the RAR, and other parameters for the Msg3 ReTx M-PDCCH SS is fixed by specification in a similar way as the RAR M-PDCCH CSS.

Proposal 5: A Rel-13 eMTC UE monitors a Msg4 M-PDCCH SS after transmitting an Msg3. The narrow band for the Msg4 M-PDCCH SS is indicated in the RAR and is the same as the narrow band for the Msg3 ReTx M-PDCCH SS. Other parameters for the Msg4 M-PDCCH SS is fixed by specification in a similar way as the RAR M-PDCCH CSS.

Proposal 6: A defer field is included in the RAR and the defer field indicates a time defer (e.g. in terms of ms) before the UE starts monitoring the Msg4 M-PDCCH SS.

Proposal 7: The eMTC UE continues monitoring the Msg4 M-PDCCH SS to receive the DL data, if the UE specific M-PDCCH SS is not initialized.  
