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

· No power ramping is introduced for PRACH with large repetition. Otherwise, PRACH power ramping procedure is based on current PRACH transmit power equation

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

For normal coverage mode UE, it can be considered that MTC PRACH configuration can be separately configured from legacy UE by reusing legacy PRACH configuration. In this case, eNB can control whether MTC PRACH can be multiplexed with legacy PRACH or not. 
Even for coverage enhancement mode UE, it can be considered to reuse legacy PRACH configuration for MTC PRACH configuration considering scheduling impact on legacy UEs. Furthermore, it would be necessary to define a set of subframes where PRACH repetition can start. For the efficiency, a separate configuration of starting subframe(s) per repetition level can be also considered. For example, the additional information for PRACH repetition can contain periodicity for starting SF of PRACH repetition, timing offset, and repetition number of PRACH repetition. Considering FDM of PRACH resources among different coverage level, PRACH configuration and/or formula related to starting PRB index of PRACH resource for TDD can be used for starting point even for FDD. Implicit determination of starting subframe for PRACH may restrict flexibility for multiplexing among different coverage class. As it is agreed that power ramping is not used for large coverage level, it is more desirable to configure separate PRACH resource for large coverage level from other coverage levels. One way of TDM between different PRACH resources is to configure different period and offset. Thus, we propose to allow configuration of period and offset to indicate starting subframe sets for PRACH resource for each coverage class. 
Proposal 1: It can be considered to reuse legacy PRACH configuration for MTC PRACH configuration as a baseline. In addition, for coverage enhancement mode, information about starting SF for PRACH repetition can be signalled. 
3 Frequency hopping 
In terms of detection performance, it is preferred to prevent PUSCH transmission to collide with PRACH transmission. For normal coverage case, it is up to eNB implementation, therefore, eNB can handle by adjusting PUSCH scheduling on PRACH resources. However, 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, when consider 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. This approach seems inefficient in terms of flexibility and resource utilization since PRACH resources would be reserved even though there is no PRACH transmission. Furthermore, hopping region or pattern for PUSCH can be restricted as shown in Figure 1. 
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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. We prefer this option in terms of efficiency in resource utilization and simplicity. 
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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 2: When PUSCH/PUCCH repetition and PRACH resource collide, the repetition will be skipped in the subframe.  
4 RAR transmission

In the last meeting, following WA was agreed:

· For RAR for Rel-13 low complexity UEs and UEs operating coverage enhancement, M-PDCCH-scheduled PDSCH carrying the message(s)
If RAR can be transmitted on either M-PDCCH or PDSCH, UE need to perform blind decoding between M-PDCCH carrying MAC RAR and M-PDCCH scheduling PDSCH carrying MAC RARs. Moreover, depending on which channel contains MAC RAR(s), the design of subsequent procedures can be varying, and it can cause large specification impact. In that point of view, we propose to confirm the WA for RAR transmission made in RAN1#82 meeting. 

Proposal 3: Confirm WA related to physical channel for RAR transmission as follows: 
· For RAR for Rel-13 low complexity UEs and UEs operating coverage enhancement, M-PDCCH-scheduled PDSCH carrying the message(s)

After UE transmit PRACH transmission, UE will try to detect RAR within RAR window. For normal coverage case, RAR window starts three subframe later from the end of the subframe containing PRACH transmission, and the length of RAR window is defined by high layer signaling. 

In case of Rel-13 MTC, with cross-subframe scheduling and cross-narrowband scheduling, the overall latency of RAR window may need to be increased. Furthermore, for coverage enhancement mode, it is necessary to extend the length of RAR window size considering repetition number of RAR. For example, if the repetition number of RAR is M and the high layer signaled value for RAR window size is N, then the effective RAR window size can be M times N. Alternatively, high layer signaled value for configured RAR window size can indicate the region where RAR repetition can start. In this case, the effective RAR window size can be M+N-1. This approach will be effective only when the buffer size for RAR detection at UE side is large enough. Otherwise, the RAR window to cover M*N may be necessary. 
Proposal 4: RAR window for MTC UEs can consider retuning time for RAR reception if necessary, repetition number of RAR, and UE capability for RAR detection. 

Some further clarification on UE behavior on RAR monitoring is needed. For example, how many M-PDCCH candidates a UE monitors within a RAR monitoring, and whether a UE monitors a single R value for M-PDCCH or multiple R values. Also, the handling the case when RAR widow is not aligned with M-PDCCH monitoring occasion for RAR needs to be clarified as well.  As agreed in the last meeting, 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 configured or implicitly derived per coverage class.  Then, a UE can start monitor M-PDCCH occasions aligned with RA window as shown in Figure 3.  Within a M-PDCCH monitoring occasion, a UE can monitor different candidates with different R values if configured or prefixed. In other words, configuration of search space (e.g., period, offset, a set of {L, R}) for RAR is configured 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.

Proposal 5: A UE can monitor multiple M-PDCCH occasions within a RA window. Configuration of search space for RAR (e.g., period, a set of {L, R}) can be configured by SIB.  

5 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, Msg3 CE level can be also indicated by RAR considering payload size or be linked to PRACH repetition and preamble index. 
For legacy UE, Msg4 can contain either UL grant or DL assignment. Also, Msg4 can be considered as a unicast transmission. In that point of view, it seems natural that Msg4 is scheduled by DCI. For Msg4 CE level, M-PDCCH (either DL scheduling or UL grant) can indicate repetition level of PDSCH or PUSCH. For coverage level of M-PDCCH, the repetition level can be associated with the coverage/repetition level used for PRACH transmission. 
Proposal 6: It is necessary to have resource allocation field in RAR for efficient resource utilization of the associated Msg3. 
Proposal 7: For Msg4, it can be considered to introduce associated DCI. The repetition M-PDCCH for Msg4 can be associated with the coverage/repetition level used for PRACH transmission. 
In terms of resource used for Msg3, it can be scheduled from RAR including repetition number and resource allocation. Regarding the narrowband and search space configuration to receive Msg4, it can be different between initial access and PRACH procedure after a UE has acquired C-RNTI (or a UE has been configured with USS). In case, a UE is not configured with USS, a UE can monitor M-PDCCH scheduling 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. We do not currently see a strong motivation to allow configuration of M-PDCCH for Msg4 different from RAR. 
Proposal 8: The same search space between RAR and Msg4 is assumed for initial access. The same search space between USS and MSg4 is assumed after a UE has been configured with USS.  

6 Conclusions

This contribution discussed RACH design for Rel-13 MTC UEs. The followings are the proposals. 

Proposal 1: It can be considered to reuse legacy PRACH configuration for MTC PRACH configuration as a baseline. In addition, for coverage enhancement mode, information about starting SF for PRACH repetition can be signalled. 
Proposal 2: When PUSCH/PUCCH repetition and PRACH resource collide, the repetition will be skipped in the subframe.  
Proposal 3: Confirm WA related to physical channel for RAR transmission as follows: 

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

Proposal 4: RAR window for MTC UEs can consider retuning time for RAR reception if necessary, repetition number of RAR, and UE capability for RAR detection.

Proposal 5: A UE can monitor multiple M-PDCCH occasions within a RA window. Configuration of search space for RAR (e.g., period, a set of {L, R}) can be configured by SIB.  

Proposal 6: It is necessary to have resource allocation field in RAR for efficient resource utilization of the associated Msg3. 
Proposal 7: For Msg4, it can be considered to introduce associated DCI. The repetition M-PDCCH for Msg4 can be associated with the coverage/repetition level used for PRACH transmission. 

Proposal 8: The same search space between RAR and Msg4 is assumed for initial access. The same search space between USS and MSg4 is assumed after a UE has been configured with USS.  
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