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1 Introduction
 In RAN1#80bis [1], followings are agreed regarding PRACH transmission for MTC UE:
  Agreements:
· Alternatives for number of UEs in paging/RAR message 

· Alt 1. Fixed number of UE(s)

· Alt 2. Variable number of UEs

· Alt 3. Variable number of UEs with variable padding (total size is fixed)
· Options for paging/RAR transmission mechanism

· Option 1. M-PDCCH + PDSCH carrying paging/RAR messages

· Option 2. M-PDCCH carrying paging/RAR message

· Option 3. PDSCH carrying paging/RAR message

· Further study with consideration of the followings

· Blocking probability needs to be considered

· How many UE monitoring occasions can be configurable in the system

· Spectral efficiency, UE power consumption, and network/UE complexity

Agreement:
Confirm the Working assumption from RAN1#80:

· PRACH frequency hopping can be configured when multiple PRACH frequency resources are available for Rel-13 low complexity MTC UEs in coverage enhanced mode

· Details FFS

Agreement:
· FFS the number of frequency resources for PRACH in a subframe for eMTC 

Agreement: 

· Repetition of all preamble formats is supported in coverage enhancement, except PRACH format 4

Agreements:

· For coverage enh. of PRACH:

· The configuration of the number of attempts can be separate per coverage level

· FFS whether or not to have default configurations and if so, the default configurations 

· The configuration of the number of repetitions can be separate per coverage level

· FFS whether or not to have default configurations and if so, the default configurations  

· When UE receives RAR but fails contention resolution

· The UE uses its current repetition level until it reaches the maximum number of attempts for that level

This contribution continues to discuss issues on PRACH transmission in details including frequency resource setting, frequency hopping, and subsequent transmission setting. . 
2 Frequency resource setting and frequency hopping 
According to the agreement in the last meeting, it can be expected that additional frequency resources for PRACH repetition can be used for frequency hopping for PRACH repetition. In other words, it is necessary to consider how to perform frequency hopping and its impact on other UL channels to decide additional frequency resources for PRACH repetition. 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 will be transmitted in a number of subframes. Furthermore, when consider coexistence of frequency hopping for PRACH repetition and PUSCH repetition, it seems infeasible 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. 
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Figure 2: Example of narrowband specific hopping pattern.

[Alt 3. Independent hopping pattern per PRACH and PUSCH, independent narrowband configuration per PRACH and PUSCH]

: In a similar manner of legacy collision handling for PRACH and PUSCH, it can be up to eNB implementation even for coverage enhancement case. In this case, both hopping pattern and narrowband for transmission could be independently configured for PRACH and PUSCH. However, this approach would need to solve some subsequent issues including UE behaviour for the collision between PRACH and PUSCH repetition. 
Proposal 1: If independent hopping pattern is used between PRACH and PUSCH, consider resource separation between PRACH and PUSCH. Otherwise, consider common hopping pattern between two.
In addition, the number of CE levels including non-CE case can be considered for the number of frequency resources for PRACH. However, it is necessary to note that large number of PRACH frequency resources can cause eNB complexity increase. As a reference, the maximum density per 10 ms of PRACH resources, denoted by 
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, is 6 for TDD system and 10 for FDD system, respectively. In that point of view, it is still unclear how many frequency resources are needed for PRACH. 
Proposal 2:It is necessary to consider frequency hopping and narrowband for PRACH and PUSCH, the number of CE levels and non-CE case, and supportable density per 10 ms of PRACH resources to decide the number of frequency resources for PRACH in a subframe. 
3 RAR/Msg3/Msg4 transmission

During RACH procedure, subsequent transmission of four messages is performed between UE and eNB: PRACH as first transmission (UE to eNB), RAR as second transmission (eNB to UE), Msg3 as third transmission (UE to eNB), and Msg4 as fourth transmission (eNB to UE). 
Since RAR can be associated with many UEs, and the number of UEs can be varying based on the number of successful PRACH detection (considering PRACH resource, CE level, and so on). In that point of view, it seems inefficient to fix the number of UEs or the total payload size in RAR message. Furthermore, it would need to define how to handle the case where the number of successful PRACH detection is larger than the predefined number of UEs or the total payload size in RAR messages. In this case, the total payload size in RAR message can be varying, therefore, it is preferred that resource allocation for RAR is indicated by DCI. For network efficiency, it is preferred to multiplex UEs with similar channel condition in RAR messages. To do this, it can be considered to modify RA-RNTI considering PRACH CE level. In this case, the RAR CE level can be linked to that of PRACH repetition. Alternatively, RAR CE level can be indicated by DCI. 
The amount of messages in Msg3 can be varying depending on whether Msg3 includes C-RNTI MAC control element or the CCCH SDU. Meanwhile, PRACH preamble index is selected based on the payload size of Msg3. 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. In that point of view, it seems natural that Msg4 is scheduled by DCI. For Msg4 CE level, it can be aligned with that of unicast PUSCH or PDSCH depending on Msg4 contains UL grant or DL assignment. 
Proposal 3:For RAR and Msg4, it can be considered to introduce associated DCI. 
Proposal 4:It is necessary to have resource allocation field in RAR for efficient resource utilization of the associated Msg3. 
4 Conclusions

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

Proposal 1: If independent hopping pattern is used between PRACH and PUSCH, consider resource separation between PRACH and PUSCH. Otherwise, consider common hopping pattern between two.
Proposal 2:It is necessary to consider frequency hopping and narrowband for PRACH and PUSCH, the number of CE levels and non-CE case, and supportable density per 10 ms of PRACH resources to decide the number of frequency resources for PRACH in a subframe. 
Proposal 3:For RAR and Msg4, it can be considered to introduce associated DCI. 

Proposal 4:It is necessary to have resource allocation field in RAR for efficient resource utilization of the associated Msg3. 
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