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1 Introduction

RACH issues related to rel-13 MTC UE in coverage enhancement have been discussed in both last RAN1 and RAN2 meetings and some RAN1 agreements and working assumptions are listed below.
	RAN1

· 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

· UE knows in which subframe(s) transmission of RAR can begin from its most recent PRACH resource set

· UE knows in which frequency resource(s) transmission of RAR can occur from its most recent PRACH resource set

· Note: if option 1 is adopted, this does not preclude the possibility of specifying a single frequency resource for M-PDCCH

· 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

· Options for RAR and Paging for Rel-13 low complexity UEs and UEs operating coverage enhancement:

· Option 1: M-PDCCH-scheduled PDSCH carrying the message(s)

· Option 2: M-PDCCH DCI carrying the message

· Option 3: M-PDCCH-less PDSCH carrying the message

· Agree the following as working assumptions for RAR:

· Support Option 2 for the case of a single MAC RAR in a narrowband

· Support Option 1 for the case of multiple MAC RARs in a narrowband
· FFS: In case of small number of MAC RARs, some part of MAC RARs is included in the DCI, and remaining parts of MAC RARs are included in the PDSCH
· FFS whether eNB indicates support for Option 1 and/or Option 2 in SIB


· If eNB can indicate support for only Option 1 then Option 1 can be used also for a single MAC RAR



In this paper, we will continue to give our views for RACH in coverage enhancement from RAN2 point of view.

2 Discussion
2.1 Mapping between PRACH resource and RAR transmission
RAN1 had agreed that the UE knows repetition level, starting subframe(s) and frequency resource(s) of transmission of RAR from its most recent PRACH set. It means that there is a mapping location relationship between PRACH and RAR resource. RAN1 has not decided how remaining scheduling information of RAR e.g., TBS, MCS and PRB numbers, is obtained by UE.
Based on the RAN1 agreement and working assumptions, there are three options to carrying the remaining scheduling information.
· Option 1: M-PDCCH-scheduled PDSCH carrying the message(s)

· Option 2: M-PDCCH DCI carrying the message

· Option 3: M-PDCCH-less PDSCH carrying the message

Considering that it is more a RAN1 issue, the final decision should be made by RAN1.
Proposal 1: It is left to RAN1 to decide how the remaining scheduling information of RAR e.g., TBS, MCS and PRB numbers is obtained by the UE, i.e. with or without M-PDCCH.
2.2 RAR reception
In current specification [2], the eNB’s response related to UE’s PRACH transmission is included in the MAC subheader and MAC RAR. As shown in the figure below, the MAC subheader indicates the random access preamble ID (RAPID) and backoff indicator, and the MAC RAR is of 56 bits, which includes timing advance command, UL grant (for Msg3 scheduling), temporary C-RNTI.
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Figure 2: MAC subheader and MAC RAR
In normal coverage (NC) mode case, the UE shall monitor the PDCCH of the PCell for Random Access Response(s) identified by the RA-RNTI, in the RA Response window which starts at the subframe that contains the end of the preamble transmission plus three subframes and has length ra-ResponseWindowSize subframes. The RA-RNTI is associated with the PRACH in which the Random Access Preamble is transmitted.
MTC RA-RNTI is used for scrambling PDSCH, which carriers RAR. In normal coverage case, The RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as:

RA-RNTI= 1 + t_id+10*f_id

Where t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10), and f_id is the index of the specified PRACH within that subframe, in ascending order of frequency domain (0≤ f_id< 6). If RAN1 agrees that MTC RA-RNTI is needed, the same rule can be used for the MTC RA-RNTI.
Proposal2: If MTC RA-RNTI is needed, the same rule as for RA-RNTI can be used for the MTC RA-RNTI calculation.
A RAR window is used for giving network scheduling flexibility and to avoid long access delay if the multiple RARs need to be sent in NC mode case. This function is also useful in coverage enhancement (CE) mode. One example is shown as figure 1. PRACH set 1 is associated with RAR chance1 and RAR change2 in RAR window. After preamble transmission in PRACH set1, the UE should try to receive RAR in both RAR chance 1 and RAR chance 2 in RAR window. if the Random Access Response in RAR chance 1 or RAR chance 2 contains a Random Access Preamble identifier corresponding to the transmitted Random Access Preamble, the UE considers this Random Access Response reception successful.
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Figure 1: RAR window mechanism in CE mode

We propose:
Proposal3: The RAR window function should be kept and multiple RAR chances in RAR window should be associated with one PRACH set.
2.3 Msg3 reception
The repetition level of Msg3 transmission can be determined by the repetition level of PRACH transmission or indicated by RAR. In fact, no further information except PRACH can be obtained for eNB in order to indicate more accurate repetition level information of Msg3. Therefore, determining the repetition level of Msg3 by that of PRACH is preferred so as to reduce the overhead of RAR. The repetition number of Msg3 transmission can be known according to the repetition level of Msg3.

Proposal 4: Determining the repetition level of Msg3 by that of PRACH is preferred so as to reduce the overhead of RAR.

In normal coverage scenario, the UL grant of Msg3 is carried in RAR .The current 20 bits UL grant in RAR is for Msg3 scheduling and includes the following fields [3];
- Hopping flag – 1 bit

- Fixed size resource block assignment – 10 bits

- Truncated modulation and coding scheme – 4 bits

- TPC command for scheduled PUSCH – 3 bits

- UL delay – 1 bit

- CSI request – 1 bit

Hopping flag: 1 bit Hopping flag field can be used to switch on/off Msg3 hopping. Further, to indicate Msg3 hopping configuration, 2 bits can be considered for hopping indication.

Resource allocation: If the narrowband of Msg3 transmission is implicitly determined by Tx-Rx frequency space or has the same narrowband of preamble transmission, no narrowband indication is needed. Otherwise, maximum 4 bits are needed to indicate the narrowband within 20MHz system bandwidth.

For the resource indication within the narrowband, it is preferred that one PRB is used for Msg3 transmission to obtain PSD boosting gain. Therefore, 3 bits can be used to indicate the specific PRB allocation within the narrowband.

MCS: The bits for MCS indication can be reduced to save RAR overhead. Moreover, in coverage enhancement, if QPSK and one PRB can be assumed for Msg3 transmission, the MCS of Msg3 transmission can be implicitly derived from the repetition number.
TPC command for scheduled PUSCH: For Msg3 transmission in coverage enhancement, maximum transmission power can be assumed, so 3 bits TPC can be omitted. For Msg3 transmission in normal coverage mode, the TPC field can be maintained.

UL delay: No bit is needed to indicate UL delay, in order to save RAR overhead

CSI request: No bit in RAR is needed in order to indicate CSI request, to save RAR overhead

Summarize for the UL grant of Msg3 that we propose that . 
Proposal5: The PRB allocation information of Msg3 can be deduced from UL grant in RAR, and the MCS of Msg3 transmission can be implicitly deduced from the repetition number.
2.4 Contention resolution timer
After Msg3 has been sent, the contention resolution timer should be started. After the contention resolution timer expires the UE considers that the current RACH procedure is failed and prepares another RACH procedure. Contention resolution timer should also be kept in CE case. 


mac-ContentionResolutionTimer

ENUMERATED {













sf8, sf16, sf24, sf32, sf40, sf48,













sf56, sf64}

Currently, the Max value of contention resolution timer for normal coverage case is 64ms, which seems too short for the CE case and needs to be extended, because Msg3 has to be repeated many times.
Proposal6: The contention resolution timer should be kept and the value range should be extended.
2.5 Backoff
If the UE fails to receive RAR or contention resolution, the UE would try random access transmission after a backoff time. Currently there is a 4 bit index to indicate the backoff value. Max backoff value could be set to 960 ms. In the CE RACH procedure, Msg1 may be repeated hundreds of times, therefore, if contention happens, legacy backoff value could not disperse in a suitable way the access attempts from CE UEs. Backoff is still useful for RACH collision case.
Legacy backoff function should be kept and the backoff time should be extended proportionally to the repetition number preamble transmission in CE case.

Proposal7: The backoff behavior should be kept and the backoff time should be extended proportionally to the repetition number preamble transmission in CE case.
3 Conclusion

In this contribution, we try to give some views for RACH in coverage enhancement from RAN2 point views, and the following proposals are listed:
Proposal 1: It is left to RAN1 to decide how the remaining scheduling information of RAR e.g., TBS, MCS and PRB numbers is obtained by the UE, i.e. with or without M-PDCCH.
Proposal2: If MTC RA-RNTI is needed, the same rule as for RA-RNTI can be used for the MTC RA-RNTI calculation.

Proposal3: The RAR window function should be kept and multiple RAR chance in RAR window should be associated with one PRACH set.
Proposal4: Determining the repetition level of Msg3 by that of PRACH is preferred so as to reduce the overhead of RAR.
Proposal5: The PRB allocation information of Msg3 can be deduced from UL grant in RAR, and the MCS of Msg3 transmission can be implicitly deduced from the repetition number.
Proposal6: The contention resolution timer should be kept and the value range should be extended.
Proposal7: The backoff behavior should be kept and the backoff time should be extended proportionally to the repetition number preamble transmission in CE case.
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