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1 Introduction

At the RAN1 #80 meeting, the following agreements were made related to the PRACH procedure for coverage enhancement (CE) [1]:
· For coverage enh. of PRACH, for initial random access
· There is one to one mapping between PRACH repetition level and PRACH resource set
· Multiple attempts are allowed for each PRACH repetition level

· There is a configurable number of attempts

· FFS: Whether the configuration of the number of attempts is common or separate per repetition level

· 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
· Specified maximum numbers of levels is 3 (this does not include “zero coverage extension”) 

· FFS: Power ramping or always max power used within each repetition level
· FFS UE behavior when UE receives RAR, but fails contention resolution
During the RAN1 #81 meeting, the following agreements were made on the determination of PRACH resource set between normal and enhanced coverage [2]:

· UE determines based on RSRP measurement whether or not to start using one of the PRACH resource sets for CE (i.e., PRACH transmission with repetitions)
· NOTE: RAN1 will re-visit after RAN4 conclusion: if a UE operating CE selects based on DL measurement a starting PRACH repetition level

Additionally, at RAN2 #90, similar agreements were made regarding configuration of PRACH resource sets and determination of CE levels by the UE for initial PRACH transmission:

· In SIB the eNB provides a set of PRACH resources (e.g. time, frequency, preamble) each associated with a coverage enhancement level (including LC in normal coverage).
· UE determines the initial PRACH resource from the set based on UE’s downlink measurement (pending confirmation from RAN4).

Regarding the scheduling and transmission of the RAR, the following revised working assumption was made at the RAN1 #82 meeting [3]:

Working assumption:

· For RAR for Rel-13 low complexity UEs and UEs operating coverage enhancement, M-PDCCH-scheduled PDSCH carrying the message(s)

· The working assumption regarding RAR that was made in RAN1#81 was cancelled
Further, at the RAN1 #82bis meeting, the following was agreed [4]:

· For at least initial random access, the criterion for UE to select PRACH resource set is based on RSRP measurement 

· PRACH configuration is signaled based on Table 5.7.1-2 ~5.7.1-4 in TS36.211

· Note: the tables may be subject to modification

· The starting frequency location in units of PRB of PRACH resources for each PRACH resource set is signaled

· Confirm working assumption:

· For RAR for Rel-13 low complexity UEs and UEs operating coverage enhancement, M-PDCCH-scheduled PDSCH carrying the message(s)

· For PDSCH carrying MAC RAR (Msg2)

· The narrowband is indicated in the associated DCI

· For initial PUSCH carrying Msg3

· The narrowband is explicitly indicated in UL grant in RAR

In this contribution, we share our views on the remaining details on the random access (RA) procedure for MTC devices with reduced bandwidth support and/or operating coverage enhancement with focus on the UE-determination of the PRACH resource set, scheduling and transmission of RAR, and the subsequent Messages that constitute the RA procedure.  
2 UE-determination of PRACH resource sets
As quoted in Section 1, it was agreed at the RAN1 #82bis meeting that, at least for initial random access, the criterion for UE to select PRACH resource set is based on RSRP measurement. In this section, we present the details of defining the PRACH resource set selection based on RSRP measurements. 

In the LS [5], RAN4 provided the following feedback on the feasibility of PRACH coverage enhancement (CE):

· It is possible to reliably distinguish between non-coverage enhancement and coverage enhancement (e.g. NC and 15 dB CE) using RSRP based method at least for AWGN channels. 
· It is possible to reliably distinguish among coverage enhancement of max. 2 levels (e.g. 5 dB CE and 15 dB CE) using RSRP based method at least for AWGN channels.
· The differences between distinguishable levels depend on RSRP measurement accuracy.

Further, details of the RAN4 analysis on RSRP measurement accuracy was shared in another response LS [6] from RAN4. 

Regarding the determination of the PRACH CE level and corresponding PRACH resource set determination, the RAN4 LS response indicates that it should be possible for an MTC UE to distinguish between a maximum of two CE levels – at least between small and large CE levels with the exact distinguishable levels being a function of the RSRP measurement accuracy that in turn, depends on the channel conditions, e.g., at least the operating SINR. Thus, for certain ranges within the continuum of CE levels, it may not be possible for the UE to distinguish between two CE levels from RSRP measurements due to an increased contribution from noise bias. Furthermore, it can be seen from the RAN4 results that the measured RSRP, especially in large CE conditions, has a strong positive bias due to the contribution from noise accumulation. 
For the case wherein only two CE levels are configured by the eNodeB, it should be possible to configure appropriate RSRP thresholds to determine the CE level for UE-determination of the PRACH resource set based on RSRP measurements, as long as the two CE levels span a sufficiently wide range. Note that in case the two levels span  a relatively narrow range, it is reasonable to expect that then, the worst case CE level would not be very high – and hence, the RSRP measurement accuracy can be expected to be more reliable (as indicated in [6]), thereby, still making UE-determination of CE level feasible.

For the case wherein three CE levels are configured by the eNodeB, it may only be possible for the UE to reliably distinguish between the lowest and the highest CE levels. Consequently, this implies that the UE may be able to reliably distinguish between the large CE level from the low and medium CE level with an appropriate configuration of the RSRP threshold. Thus, a UE may not be able to distinguish further between the large and the medium CE levels. Thus, effectively, the ranges for the CE levels when determined based on RSRP measurements can be interpreted to get gradually “compressed” with increasing CE levels (and decreasing SNR). This effect is illustrated using the schematic in Figure 1.
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Figure 1. Schematic to show the effect of inaccurate RSRP measurement for PRACH CE level determination for three CE levels

Accordingly, even in cases with three CE levels for PRACH, only a single RSRP threshold can be configured and the UE can be specified to select CE level 2 when the RSRP measurement is below the configured threshold. This implies that the UE may actually start PRACH transmissions based on CE level 2 when its true CE level is 3, thereby incurring some delay in the initial access. However, such a scheme would still be beneficial to the system overhead (via reduced loading in the smallest CE level) and provide improved UE initial access latency compared to the scheme wherein the UE always starts transmission from the lowest CE level. 
Proposal 1:
· On the criterion for UE to select the PRACH resource set based on RSRP measurements, when multiple (up to three) CE levels are configured: 

·  A single RSRP threshold is configured irrespective of two or three CE levels configured in the system.
·  The UE determines, based on RSRP measurement result compared to the configured threshold, whether to start initial PRACH transmission from the first CE level or the second CE level.
3 Scheduling and transmission of RAR
It was agreed that PDSCH scheduled by M-PDCCH is used to carry RAR irrespective of the transmission of a single or multiple RAR messages. However, since a UE would not have been configured with UE-specific Search Space (UE-SS) at the time of RAR monitoring, a non-UE-specific or common search space (CSS) for monitoring for M-PDCCH to schedule PDSCH carrying the RAR message, referred to as CSS-RAR (the “2nd SS”) is defined. The following agreements were made at the last two RAN1 meetings on the introduction of CSS for M-PDCCH [3] and [4]:
· If CSS is necessary, 

· Different UEs can monitor M-PDCCH CSS in different narrowbands and in different subframes

· FFS whether or not to support more than one decoding candidate of the CSS in a narrowband. If it is supported, FFS for UEs monitoring the same narrowband, whether or not the UEs may monitor different decoding candidates of the CSS in the narrowband

· FFS: Starting subframe of M-PDCCH CSS and starting ECCE index of M-PDCCH candidate(s) for a CSS in a narrowband 
· For an M-PDCCH CSS for a UE in coverage enhancement
· M-PDCCH candidates with different R (number of repetitions) is supported
· From UE perspective, the following SSs are supported:

· 1: CSS for paging

· 2: CSS for random access response (message 2) for each PRACH repetition level. 

· Note: the 1st CSS and the 2nd CSS are separately configured

· 3: SS for Msg 3 retransmission, PDSCH with contention resolution, and PDSCH with RRCConnectionSetup are the same

· FFS whether the 2nd CSS for RAR is same as the 3rd SS 

· FFS: Whether UE continues to monitor the 2nd CSS and/or 3rd SS for random access after reception of PDSCH with RRCConnectionSetup

· FFS: Whether other SS is additionally defined or can reuse USS for other common control signalling (e.g. for DCI 3/3A), if supported

· For CSS, the DMRS sequence initialization (c_init) is based on PCID

Towards this, as described in [7], the CSS-RAR may be configured via MTC SIBs as a CSS for M-PDCCH that a UE monitors during the period of time defined by the RAR window. Thus, the starting subframe of the CSS-RAR is the same as the beginning of the RAR window corresponding to a PRACH preamble transmission. Note that the RAR window would need to be extended compared to current specifications to accommodate the repetitions of at least the M-PDCCH associated with the RAR transmissions. 
Proposal 2:
· The CSS-RAR is monitored by a Rel-13 LC/CE MTC UE following PRACH preamble transmission during the extent defined by the RAR window, i.e., the starting subframe for the CSS-RAR is defined by the first valid DL subframe in the RAR window.
· The CSS-RAR configuration is provided to the MTC UEs using the SIBxbis (MTC SIB).
3.1 Configuration of Common Search Space for RAR (CSS-RAR)
One or more instances of CSS-RAR may be configured by the network based on different factors, such as the CE mode or the CE level. A UE may monitor one of them (e.g. CSS-RAR CE level x) based on the resources and repetition level used for PRACH preamble transmission. For instance, they can be multiplexed via Frequency Division Multiplexing (FDM) on different 1.4 MHz narrowbands (NBs) in order to alleviate the issue of user blocking for RAR transmissions. 
In time dimension, a UE performing RA procedure may be expected to monitor the CSS-RAR during certain time, defined by the extent of the RAR window. However, the RAR window can now be interpreted as the duration during which a UE may expect the M-PDCCH transmission carrying the RAR message or M-PDCCH transmission carrying the DL scheduling assignment for the PDSCH carrying the RAR message, while the PDSCH itself may be transmitted beyond the end of the RAR window considering the use of cross-subframe scheduling and repetitions needed for enhanced coverage operation.

The configuration for a CSS-RAR can include the following information: starting subframe for M-PDCCH candidates, Repetition Levels (RLs) and Aggregation Levels (ALs) used for M-PDCCH, the NB index, and the PRBs within the NB that constitute the M-PDCCH-PRB set. The choice of ALs for a CSS-RAR can be limited to a subset of possible ALs depending on the CE level targeted for the particular CSS-RAR. As another alternative, the AL used for M-PDCCH in enhanced coverage in the CSS-RAR can be specified to always use the maximum AL = 24 in order to minimize the number of repetitions needed for transmitting the M-PDCCH and to reduce UE blind decoding attempts, both beneficial in reducing UE power consumption for monitoring for M-PDCCH transmissions in the CSS-RAR. In this case, the PRBs for the M-PDCCH-PRB set can be fixed to include all the 6 PRBs in a NB for CSS-RAR that corresponds to UEs in enhanced coverage.
Proposal 3:

· One or more instances of CSS-RAR may be configured by the network based on different CE levels supported and a UE may monitor one of them based on the resources and repetition level used for PRACH preamble transmission. 
· Such multiple instances of CSS-RAR may be multiplexed via Frequency Division Multiplexing (FDM) on different 1.4 MHz narrowbands (NBs). 

· Further, this would enable the design solutions to have a high level of commonality between reduced UE bandwidth support and enhanced coverage. 
4 Further details of CSS usage related to RA procedure

In addition to the scheduling of RAR message transmission, non-UE-specific search space (nUE-SS) or “CSS” may be defined that may be monitored by the UE as part of the RA procedure after the transmission of Message 3 (Msg3) on the UL. Specifically, a CSS configuration (for the “3rd CSS”) can be provided that the UE monitors after transmission of Msg3 and monitor for M-PDCCH transmissions carrying the following information at different stages of the RA procedure:
i. HARQ-ACK feedback in response to Message 3 transmissions on the UL;

ii. Scheduling information for the Contention Resolution Message (Message 4);

iii. Scheduling information for PDSCH carrying the UE-SS initialization (the “RRCConnectionSetup” message) in case the UE-SS initialization is not carried as part of Message 4. 

At the RAN1 #82 meeting, it was agreed to support HARQ-ACK feedback in response to UL transmissions using M-PDCCH, and the CSS can be used that the UE may monitor for the HARQ-ACK feedback transmitted via M-PDCCH. 

Note that it is not preferred to carry the UE-SS configuration in the RAR itself due to the potentially significant increase in the RAR payload which increases the number of PDSCH repetitions thereby leading to a longer random access duration. Additionally, this would imply significant impact to RAN2 specifications for designing of the RAR MAC PDU. Further, carrying the UE-SS in the RAR can also lead to significant waste of system resources in case of PRACH preamble collisions. Considering these, it is much preferred to provide the UE-SS initialization configuration in the Message 4, or using a dedicated RRC message scheduled using M-PDCCH in the CSS that the UE monitors for monitoring of the HARQ-ACK feedback for Msg 3 transmission and scheduling of Msg 4. 

The set of repetition levels (RLs) and aggregation levels (ALs) to monitor for this CSS can be a common set for all these purposes; or, to efficiently adapt to the expected DCI payload for the different purposes above, pre-defined rules can be specified to define the relationship between the possible set of (AL, RL) pair to be monitored for detection of each of the M-PDCCH transmissions. For example, assuming that a very compact DCI is defined to carry the HARQ-ACK feedback, the M-PDCCH candidates defined by the (AL, RL) pair can be the same for the DCI scheduling Msg4 and the following RRC message carrying the UE-SS configuration, while for the HARQ-ACK feedback in response to Msg3 transmission, the (AL, RL) candidates can be a subset of the above with possibly lower values of AL and/or RL. Further, it is proposed that the HARQ-ACK feedback in response to Message 3 transmission is used to only indicate a NACK with the ACK being implicitly indicated by the DCI carrying the scheduling information for Msg4 transmission.
For the 3rd SS, a set of narrowbands can be configured via SIBxbis (MTC SIB) and the UE may be implicitly and semi-statically configured to monitor one of these NBs using a mapping from its PRACH repetition level. Thus, dynamic indication of the NB to monitor for the 3rd SS via the UL grant in the RAR is not necessary.
In order to reduce the amount of configuration information to be indicated using MTC SIBs for the two different CSS, a single CSS may also be considered at the expense of reduced flexibility for scheduling of RAR messages and the above three purposes, i.e., the 3rd SS can be same as the 2nd SS. In either case, the starting subframe of the CSS or the “sub-CSS” that the UE monitors for each of the different M-PDCCH transmissions and the DCI formats including CRC scrambling with RNTIs are well-defined. Thus, the a UE may monitor the same frequency resources for different DCIs scrambled with different RNTIs at different instances of time, e.g.,
· M-PDCCH with CRC scrambled with RA-RNTI sent during the RAR window;

· M-PDCCH with CRC scrambled with C-RNTI or Temporary C-RNTI carrying HARQ-ACK feedback in response to Message 3 transmission during the Contention Resolution Timer period or until the M-PDCCH with DL assignment for Message 4 is detected;

· M-PDCCH with CRC scrambled with C-RNTI or Temporary C-RNTI carrying DL assignment for Message 4 scheduling during the ContentionResolutionTimer period;

· M-PDCCH with CRC scrambled with C-RNTI carrying DL assignment for the RRCConnectionSetup message in case this message is not transmitted as part of Msg4 transmission.

Proposal 4:
· A CSS configuration is provided via the MTC SIB that the UE monitors for M-PDCCH carrying:

· HARQ-ACK feedback in response to Message 3 transmissions on the UL;

· Scheduling information for the Contention Resolution Message (Message 4);

· Scheduling information for PDSCH carrying the UE-SS initialization (the “RRCConnectionSetup” message) in case the UE-SS initialization is not carried as part of Message 4. 

· This CSS (3rd SS) is configured separately w.r.t. the CSS-RAR (2nd SS). Alternatively, a common CSS configuration for CSS-RAR and for the above three purposes can be defined at the expense of reduced flexibility, i.e., 2nd SS = 3rd SS. 
· The starting subframe for the 2nd and 3rd SS’s that the UE monitors for each of the different M-PDCCH transmissions and the DCI formats including CRC scrambling with possibly different RNTIs are well-defined.
5 Conclusion

In this contribution, we provided our views on the further details on the random access (RA) procedure for MTC devices with reduced bandwidth support and/or in enhanced coverage with focus on the UE-determination of the PRACH resource set, scheduling and transmission of RAR, and the subsequent Messages that constitute the RA procedure. Based on the discussion presented, we summarize our views through the following proposals:
Proposal 1:
· On the criterion for UE to select the PRACH resource set based on RSRP measurements, when multiple (up to three) CE levels are configured: 

·  A single RSRP threshold is configured irrespective of two or three CE levels configured in the system.

·  The UE determines, based on RSRP measurement result compared to the configured threshold, whether to start initial PRACH transmission from the first CE level or the second CE level.

Proposal 2:
· The CSS-RAR is monitored by a Rel-13 LC/CE MTC UE following PRACH preamble transmission during the extent defined by the RAR window, i.e., the starting subframe for the CSS-RAR is defined by the first valid DL subframe in the RAR window.
· The CSS-RAR configuration is provided to the MTC UEs using the SIBxbis (MTC SIB).
Proposal 3:

· One or more instances of CSS-RAR may be configured by the network based on different CE levels supported and a UE may monitor one of them based on the resources and repetition level used for PRACH preamble transmission. 
· Such multiple instances of CSS-RAR may be multiplexed via Frequency Division Multiplexing (FDM) on different 1.4 MHz narrowbands (NBs). 

· Further, this would enable the design solutions to have a high level of commonality between reduced UE bandwidth support and enhanced coverage. 
Proposal 4:
· A CSS configuration is provided via the MTC SIB that the UE monitors for M-PDCCH carrying:

· HARQ-ACK feedback in response to Message 3 transmissions on the UL;

· Scheduling information for the Contention Resolution Message (Message 4);

· Scheduling information for PDSCH carrying the UE-SS initialization (the “RRCConnectionSetup” message) in case the UE-SS initialization is not carried as part of Message 4. 

· This CSS (3rd SS) is configured separately w.r.t. the CSS-RAR (2nd SS). Alternatively, a common CSS configuration for CSS-RAR and for the above three purposes can be defined at the expense of reduced flexibility, i.e., 2nd SS = 3rd SS. 

· The starting subframe for the 2nd and 3rd SS’s that the UE monitors for each of the different M-PDCCH transmissions and the DCI formats including CRC scrambling with possibly different RNTIs are well-defined.
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