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1 Introduction
 In RAN1#82bis [1], followings are agreed regarding RACH/PRACH transmission for MTC UE:
	Agreement:

· 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
Agreement:

· 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


This contribution continues to discuss issues on RACH/PRACH transmission in details including, frequency hopping, and subsequent transmission setting. 
2 PRACH configuration

For each CE level, it can be considered to reuse “prach-ConfigIndex”, “prach-FreqOffset”, and “rootSequenceIndex” for allocating time, frequency, and preamble resources. To minimize total number of used root index, it can be considered to indicate both root index and starting offset for cyclic shift for each PRACH CE level. In this case, preambles for different CE can use the same root index. 
In addition, to combine PRACH repetition efficiently, it is necessary to define possible starting subframe of PRACH repetition for each PRACH CE level. Considering TDM between PRACH transmission with different CE level or CE mode, if PRACH repetition resources are configured commonly for all CE levels, the starting subframe index can be configured by SIB. However, if the PRACH repetition resources can be different in time domain between CE levels or CE modes, it can be considered to define possible starting subframe index of PRACH repetition implicitly not to increase SIB overhead. Simply, the starting subframe index can be defined as the first PRACH resource within the preconfigured periodicity considering frame boundary and PRACH CE level. For example, if repetition number of PRACH transmission is 10 and the number of PRACH resources within a frame is 3, then PRACH repetition can start at first PRACH resource in every 4 system frame. 
Proposal 1: Starting subframe for PRACH repetition can be implicitly defined as the first PRACH resource within preconfigured periodicity considering frame boundary and PRACH CE level. 
PRACH repetition can be initiated by M-PDCCH order if supported. In this case, it needs to clarify how UE interprets mask index in M-PDCCH order. Simply, it can be considered that mask index is used only for restricting potential starting time for PRACH repetition. Since PRACH repetition can be transmitted across multiple system frames, the meaning of mask index can be extended to multiple system frame unit. For instance, if PRACH repetition is configured to start first subframe index in every system frame number, mask index can be used that PRACH repetition initiated by PDCCH order can start only when system frame number is even or odd. 
Proposal 2: Mask index in M-PDCCH order can be used to define subset of potential starting time of PRACH repetition initiated by M-PDCCH order. 
3 Power ramping

For CE mode A, it is agreed to support power ramping for PRACH transmission. In this case, moving to small CE level from normal level can increase total PRACH power from repeated PRACH transmissions suddenly. To alleviate this potential problem, it would be reasonable that power ramping is applied by considering the total amount of PRACH power across multiple subframes rather than PRACH power in a subframe. Alternatively, it can be considered to configure preambleInitialReceivedTargetPower for each PRACH CE level where the network can configure proper value not to increase power too much when CE level changes from one to another. It is however noted that the step of power ramping still needs to be modified to consider the repetition number of PRACH transmission. If the same value of the power ramping step is used across different PRACH CE level, the total power increase due to power ramping can be suddenly changed when PRACH CE level increases. Instead, it can be considered to modify power control formula to consider the PRACH repetition number. For instance, the power control formula for a signel PRACH instance can be given by following equation:
PREAMBLE_RECEIVED_TARGET_POWER = preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep –10*LOG10(repetitionNumberOfPRACH).
4 Frequency hopping 
For coverage enhancement case, it can be inefficient to leave it up to eNB implementation since PRACH repetitions will be transmitted in a number of subframes. Furthermore, considering coexistence of frequency hopping for PRACH repetition and PUSCH repetition, it seems inefficient to control collisions between PRACH and PUSCH based on only scheduling. In this case, we can consider some candidates for PRACH and PUSCH narrowband setting and frequency hopping pattern for coverage enhancement UEs as follows: 
[Alt 1. FDM between PRACH resource and PUSCH resource & independent hopping pattern]
: For simplicity, it can be considered to separate resources for PRACH repetition and PUSCH repetition in frequency domain, which can be also used for frequency hopping. In this case, hopping pattern of PRACH and PUSCH can be independently configured. 
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Figure 1: Example of FDM between PRACH resource and PUSCH resource for frequency hopping.

[Alt 2. Define a common hopping function across narrowbands]
: It can be considered that a set of narrowband and the associated hopping pattern are configured in advance. The hopping patterns can be assumed to be derived cell-specifically common function in a similar manner with type 2 PUSCH hopping function. The commonly derived hopping patterns would guarantee that UL channels with different virtual narrowband would not be overlapped and each UL channel is transmitted over configured narrowbands. For initial access, it is necessary that at least one pair of narrowband(s) and hopping pattern is predefined or configured by SIB. Unless PRACH and PUSCH transmission starts in the same narrowband, PUSCH repetition will not be overlapped with PRACH repetition during the whole repetition period as shown in Figure 2. 
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Figure 2: Example of narrowband specific hopping pattern.

[Alt 3. Avoid configured PRACH resource for PUSCH/PUCCH mapping] 
: Another approach is to assume that PUSCH/PUCCH repetition will not be mapped to any PRACH resource. For example PRACH repetition can perform hopping across the configured resources, and PUSCH/PUCCH if overlapped with any configured PRACH resource will be skipped. Similar handling to invalid subframe, when the subframe cannot be used (i.e., the resource allocated on PUCCH/PUSCH is overlapped with PRACH) due to reserved resource for PRACH, PUCCH/PUSCH transmission can be skipped in the subframe.
Proposal 3: When PUSCH/PUCCH repetition and PRACH resource collide, the repetition will be skipped in the subframe.  
In terms of hopping pattern, we consider PRACH can also hop between two PRACH resources at maximum. One simple way of hopping is to alternate the configured two PRACH resources per coverage level. For the hopping pattern in general, we also discuss in our companion contribution [2]. 

5 RAR transmission

After UE transmit PRACH transmission, UE will try to detect RAR within RAR window. The configuration of RAR window and starting time of RAR window can be determined from the current RAR window configuration with expansion to consider repetition. Yet, some clarification on starting subframe of M-PDCCH monitoring for RAR would be necessary. First of all, the handling the case when RAR widow is not aligned with M-PDCCH monitoring occasion for RAR needs to be clarified as well.  According to agreement, for search space for RAR can be configured with multiple repetition levels. Depending on the maximum repetition level, the number of M-PDCCH monitoring occasion within a RAR window can be different. Also, depending on the last subframe of PRACH transmission, the gap between the first M-PDCCH occasion in a RAR window and the last PRACH transmission can vary. It is our view that the period, repetition number and possibly offset for starting can be implicitly derived per coverage class.  Then, a UE can start monitor M-PDCCH occasions aligned with RAR window as shown in Figure 3.

Proposal 4: A UE can monitor multiple M-PDCCH occasions within a RAR window. Potential starting subframe for M-PDCCH scheduling RAR can be implicitly derived per coverage class. 


[image: image3.emf]M-PDCCH 

Occasion 1

M-PDCCH 

Occasion 2

M-PDCCH 

Occasion3

M-PDCCH 

Occasion 4

PRACH TX

RA window


Figure 3: Example of M-PDCCH occasions in RAR window.

We propose to configure narrowband index (virtual or physical depending on frequency hopping usage), PRB sets, set of repetition levels (either minimum or maximum repetition level) of search space of M-PDCCH scheduling RAR at SIB per coverage level along with PRACH resource configuration. Based on PRB sets and the set of repetition numbers derived from SIB configuration, a UE can construct a set of {L, R} from the specified table. Also, the table provides the number of candidates per {L, R}. 
Proposal 5: The set of repetition levels of M-PDCCH scheduling RAR can be configured at SIB per PRACH CE level. 

6 Msg3/Msg4 transmission

The amount of messages in Msg3 can be varying depending on whether Msg3 includes C-RNTI MAC control element or the CCCH SDU. Meanwhile, legacy PRACH preamble index is selected based on the payload size of Msg3. As a simple example, if potential message size of Msg3 is greater than a certain level configured in high layer, then UE selects Random Access Preambles group B. Therefore, resources for Msg3 can be indicated by RAR or be linked to PRACH repetition. Similarly, since the payload size of Msg3 can affect to the required repetition level or number of Msg3, Msg3 repetition level can be also indicated by RAR considering payload size. 
Proposal 6: It is necessary to have resource allocation field and/or repetition level in UL grant carried in RAR for efficient resource utilization of the associated Msg3. 
For Msg4, we consider the same DCI used for unicast PDSCH or PUSCH scheduling. Thus, repetition level of Msg4 can be dynamically indicated by DCI. For repetition level of M-PDCCH scheduling Msg4, the repetition level can be associated with the coverage/repetition level used for PRACH transmission as mentioned before. 
Proposal 7: The repetition level of M-PDCCH scheduling Msg4 can be associated with the coverage/repetition level used for PRACH transmission. 
For M-PDCCH scheduling retransmission of Msg3 and scheduling of Msg4, three options are considered. One is to use the same search space used for RAR transmission. The other option is to configure separate configuration in SIB per coverage level. The last option is to dynamically signal the configuration carried over RAR. Among this option, we prefer the first or second option. If second option is adopted we consider that a default value can be considered where the default value is the same search space used for RAR. However, this should be clarified whether the same mechanism is also used for M-PDCCH scheduling Msg3 retransmission/Msg4 when PRACH transmission is triggered by M-PDCCH order. In our view, since M-PDCCH order is a unicast, corresponding messages can be also received in USS using the repetition level configured to the UE at that point. Thus, this procedure would be applicable only for initial RACH procedure. In that sense, we do not see a strong motivation to semi-statically or dynamically configure different search space for M-PDCCH scheduling retransmission of Msg3 or scheduling of Msg4. Moreover, we do not see a strong motivation to configure different repetition level for M-PDCCH scheduling RAR and M-PDCCH scheduling Msg3 retransmission or Msg4. 
In summary, at least for initial RACH procedure, a UE can monitor M-PDCCH scheduling Msg3 retransmssion or Msg4 in the same search space where RAR has been monitored. In case a UE has been already configured with USS, it can monitor its USS to acquire Msg 4. As the example is shown in Figure 3, search space for RAR can be used to schedule both PDSCH containing RAR (in DL SF B) and PDSCH containing Msg4 which can contain RRC messages (in DL SFB’) during the initial access. After initial configuration (in DL SF B’), it can be considered that search space other than that of M-PDCCH scheduling RAR can schedule both PDSCH containing RAR and other RRC signaling. 
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Figure 3: Example of setting of search spaces. 
Proposal 8: The same search space between RAR, Msg3 retransmission and Msg4 is assumed for initial access. Otherwise, it is assumed the same search space between USS, Msg3 retransmission. 

7 Conclusions

This contribution discussed RACH design for Rel-13 MTC UEs. The followings are the proposals. 
Proposal 1: Starting subframe for PRACH repetition can be implicitly defined as the first PRACH resource within preconfigured periodicity considering frame boundary and PRACH CE level. 

Proposal 2: Mask index in M-PDCCH order can be used to define subset of potential starting time of PRACH repetition initiated by M-PDCCH order. 

Proposal 3: When PUSCH/PUCCH repetition and PRACH resource collide, the repetition will be skipped in the subframe.  

Proposal 4: A UE can monitor multiple M-PDCCH occasions within a RAR window. Potential starting subframe for M-PDCCH scheulding RAR can be implicitly derived per coverage class. 

Proposal 5: The set of repetition levels of M-PDCCH scheduling RAR can be configured at SIB per PRACH CE level. 

Proposal 6: It is necessary to have resource allocation field and/or repetition level in UL grant carried in RAR for efficient resource utilization of the associated Msg3. 

Proposal 7: The repetition level of M-PDCCH scheduling Msg4 can be associated with the coverage/repetition level used for PRACH transmission. 

Proposal 8: The same search space between RAR, Msg3 retransmission and Msg4 is assumed for initial access. Otherwise, it is assumed the same search space between USS, Msg3 retransmission. 
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