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1 Introduction

In RAN#60, the “Low Cost & Enhanced Coverage MTC UE” WI was approved [1].  This contribution discusses some L1 aspects of coverage enhancement for the RACH messages, namely RAR, Message 3 and Message 4, in the RACH process.
2 Discussions
The RACH access consists of PRACH preamble transmission followed by RACH message exchanges between eNB and UE.  The details of the PRACH preamble transmission are discussed in our companion paper in [2].  The following will discuss each RACH message, namely RAR, Message 3 and Message 4.
2.1 RAR
In the legacy system, the RAR transmission would consist of PDCCH (scrambled by RA-RNTI) containing the RAR scheduling info and PDSCH carrying the RAR message.  For CE operation, it was agreed that the repetitions of PDSCH carrying the RAR message start after the end of PDCCH repetitions.  PDCCH-less operation for the RAR could reduce overhead and delay.  However we have to consider the following:

1) The resource allocation of the PDSCH carrying the RAR needs to be signalled by other means (e.g. in system information) or predefined.  This will impose a restriction on the eNB scheduler.
2) Several possible PDSCH scheduling candidates could be defined to give a bit of flexibility to the eNB scheduler.  However, this would come at the expense of additional blind decodings for the CE-MTC UE.  Furthermore a new procedure would be required to define these PDSCH candidates and they would need to be signalled to the CE-MTC UE.
3) In the legacy system the RA-RNTI is used by the UE to associate the RAR with the time-frequency PRACH occasion in which the PRACH preamble was sent.  Without PDCCH, the CE-MTC UE would need another method to identify the correct RAR. 
Given the extra complexity for the eNB (scheduler) and UE and the need to define a new PDSCH procedure, we prefer that PDCCH is used for RAR.  Since CE-MTC UE is delay tolerant, the additional delay by using PDCCH is not an issue.

Proposal 1: RAR resource allocation shall be indicated using PDCCH.
It was agreed that the possible starting sub-frames of PDCCH repetitions are limited to a subset of sub-frames [3].  For example the starting SFN and subframe can be a function of the PDCCH repetition level [4] & [5].  In the legacy system, there is a delay of 3 subframes between PRACH and the start of the RAR transmission window.  Following similar principles for CE operation, the start of PDCCH repetition for RAR can be defined to occur at the first valid starting point for the relevant repetition level, after a fixed delay TRAR (e.g. 1 radio frame) after the end of the PRACH preamble repetition.  Figure 1 shows an example of the proposed preamble and PDCCH timing relationship.  The delay TRAR allows the eNB to decode the preamble and allocate the corresponding RAR.
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Figure 1: Preamble and PDCCH (for RAR) timing relationship

Proposal 2: The start of PDCCH repetition for RAR occurs at the first valid starting point for the relevant PDCCH repetition level, after a fixed delay TRAR (e.g. 1 radio frame) after the end of the PRACH preamble repetition.
In RAN1#75, it was agreed that multiple repetition levels are supported for PDSCH and (E)PDCCH [3].  For spectral efficiency purposes, the PDCCH and PDSCH for the RAR should also support multiple repetition levels.  The number of repetitions in each repetition level for the PDCCH and PDSCH of the RAR can be configured and broadcast in a SIB.  The CE-MTC UE can use a simple one to one relationship between the index of the repetition level of the PDCCH/PDSCH of the RAR and the index of the repetition level of the PRACH preamble; for example, if the preamble was sent using repetition level 1, then the CE-MTC UE would expect the number of repetitions for the PDCCH and PDSCH of the RAR to likewise use repetition level 1 (although the actual number of repetitions configured for repetition level 1 of PDCCH/PDSCH may be different from the actual number of repetitions configured for repetition level 1 of PRACH).  Hence it is logical that there can be a total of 3 repetition levels for the RAR (PDCCH and PDSCH).
Proposal 3: The number of repetitions for the PDCCH and the PDSCH of the RAR in each repetition level is configurable by the network and is broadcast in a SIB.

Proposal 4: A one to one relationship is used between the index of the repetition level of the PDCCH/PDSCH of the RAR and the index of the repetition level of the PRACH (i.e. a total of 3 RAR repetition levels are defined for for the RAR).

In the legacy system, the RA-RNTI is a function of the index to the 1st subframe of the PRACH preamble and the index to the frequency used by the PRACH preamble.  Since it is possible that two preambles can use the same time-frequency resource, the same RA-RNTI would be allocated for both preambles.  However, for the CE mode, it is possible for a CE-MTC UE of a lower repetition level to incorrectly decode the PDCCH for another CE-MTC UE of a higher repetition level as shown in Figure 2.  Here CE-MTC UE1 using a repetition level 1 may read the PDCCH for CE-MTC UE2 which is at repetition level 2.  The CE-MTC UE1 would fail to decode CE-MTC UE2’s RAR message (since the repetition for RAR does not start after the end of the repetition level 1 PDCCH) and thereby misses its own RAR message.  This can be avoided if:
1) Preamble of different repetition level starts at different subframe.  This would impose restriction to the eNB resource scheduling for PRACH, or
2) In addition to the index to the 1st subframe and frequency used by the PRACH, the RA-RNTI is also a function of the repetition level.

We have a preference for the 2nd option since it allows the eNB flexibility in scheduling the PRACH.

Proposal 5: In addition to the index to the 1st subframe and frequency used by the PRACH, the RA-RNTI is also a function of the repetition level.
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Figure 2: RA-RNTI overlap

A configurable  RAR window (2 to 10 subframes) is defined in the legacy system where the eNB can spread the load of the RAR over several subframes.  In order to implement this, the RAR window needs to be large enough for all the PDCCH and PDSCH repetitions.  The need for RAR window would need further discussion.

Proposal 6: Discuss whether RAR window is required for CE mode operation.
2.2 Message 3

In the legacy system, the RAR carries the uplink grant for Message 3.  For CE-MTC UEs, Message 3 requires repetition and the number of repetitions needs to be known in advance by the CE-MTC UE.  This can be:

· Option 1: Based on the repetition level of the PRACH preamble, or
· Option 2: Signalled in the RAR

For Option 1, for each PRACH repetition level, the network can configure a corresponding repetition level for Message 3.  HoHHowever However, the PRACH repetition level is subject to error e.g. due to RSRP measurement inaccuracy and collisions, which can lead to a higher repetition level being used than is actually required, and hence it is beneficial that this can be adjusted by the eNB.  Option 2 allows the option for the eNB to further refine the repetition level in the uplink, for example based on the quality of the received PRACH.

Proposal 7: The RAR includes signalling of the repetition level for Message 3.
Currently, the uplink grant in the RAR message includes 4 bits to indicate the MCS and 3 bits for a TPC command.  For CE-MTC UEs in CE region, it is unlikely that we need 16 levels of MCS.  Since CE-MTC UEs are out of normal coverage, it is expected that they would use the maximum transmission power and hence there is no need for TPC in the RAR.  The bits not used for MCS and TPC can be used to indicate the repetition level index or the number of repetitions for PUSCH carrying Message 3.

Proposal 8: Reduce the number of MCSs available for message 3, and do not use TPC for message 3. Reuse the bits not used for MCS and TPC to indicate the repetition level and/or number of repetitions for PUSCH carrying Message 3.
The CE-MTC UE can further refine the downlink repetition level based on the quality of the RAR message.  It is beneficial to the eNB to know the downlink radio condition of the CE-MTC UE to optimise the spectral efficiency for subsequent transmissions.  Since it was agreed in RAN1#75 that CSI over PUCCH will not be supported [3], the eNB can use the CSI request bit of the UL grant in the RAR to request an indication of the CE-MTC UE’s estimate of the required downlink repetition level for PDSCH.
Proposal 9: Reuse the CSI request bit of the RAR to allow the eNB to request the CE-MTC UE’s estimate of the required downlink repetition level.

Proposal 10: The CE-MTC UE’s estimate of the required downlink repetition level is sent in Message 3.
2.3 Message 4

Similar to Message 3, the repetition level for Message 4 can be based on the repetition level of the PRACH or signalled in the RAR.  Since the PRACH repetition level can be pessimistic, it is beneficial that the eNB can refine the repetition level for Message 4.  This repetition level can be signalled using the RAR or in the DCI for Message 4 (carried by the PDCCH).  If the repetition level for the PDSCH were to be indicated by the PDCCH, then the repetition level for PDSCH would be the same as that used for PDCCH, i.e. based on the PRACH repetition level.

Proposal 11: It is possible for the eNB to signal the repetition level for Message 4.
As described previously, the CE-MTC UE can indicate its preferred downlink repetition level via Message 3.  It should be up to the eNB to decide finally which repetition level should be used by the CE-MTC UE in the downlink and uplink.  Message 4 can be used to signal the configuration for repetition levels for downlink and uplink channels that can be used in subsequent transmissions/receptions.

Proposal 12: Message 4 signals the configuration for repetition levels for downlink and uplink channels that can be used in subsequent transmissions/receptions for the CE-MTC UE.

3 Conclusion

In this contribution we discuss some considerations for the RAR, Message 3 and Message 4.  We propose the following:

Proposal 1: RAR resource allocation shall be indicated using PDCCH.

Proposal 2: The start of PDCCH repetition for RAR occurs at the first valid starting point for the relevant PDCCH repetition level, after a fixed delay TRAR (e.g. 1 radio frame) after the end of the PRACH preamble repetition.
Proposal 3: The number of repetitions for the PDCCH and the PDSCH of the RAR in each repetition level is configurable by the network and is broadcast in a SIB.

Proposal 4: A one to one relationship is used between the index of the repetition level of the PDCCH/PDSCH of the RAR and the index of the repetition level of the PRACH (i.e. a total of 3 RAR repetition levels are defined for for the RAR).

Proposal 5: In addition to the index to the 1st subframe and frequency used by the PRACH, the RA-RNTI is also a function of the repetition level.

Proposal 6: Discuss whether RAR window is required for CE mode operation.
Proposal 7: The RAR includes signalling of the repetition level for Message 3.
Proposal 8: Reduce the number of MCSs available for message 3, and do not use TPC for message 3. Reuse the bits not used for MCS and TPC to indicate the repetition level and/or number of repetitions for PUSCH carrying Message 3.
Proposal 9: Reuse the CSI request bit of the RAR to allow the eNB to request the CE-MTC UE’s estimate of the required downlink repetition level.

Proposal 10: The CE-MTC UE’s estimate of the required downlink repetition level is sent in Message 3.
Proposal 11: It is possible for the eNB to signal the repetition level for Message 4.
Proposal 12: Message 4 signals the configuration for repetition levels for downlink and uplink channels that can be used in subsequent transmissions/receptions for the CE-MTC UE.
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