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1. Introduction

This contribution discusses issues on SR repetition and SRS transmission for MTC UEs including relevant configuration, handling collision with other UCI or channels. 
2. Scheduling request repetition 
2.1. SR configuration for repetition 
For simplicity, it can be assumed that starting subframe for SR repetition is defined by the combination of period and offset similar to legacy SR resource configuration. Since SR transmission is up to UE, it is necessary to carefully consider multiplexing between SR repetitions of different UEs and multiplexing between SR repetition and other UCI repetitions. The resources for SR repetition can be defined by a number of contiguous available subframes for uplink transmission of MTC UEs. In this case, UE can achieve channel estimation gain as well as power boosting from repetition, and latency for a single SR repetition can be minimized. However, during the SR repetition, another SR can be multiplexed based on only CDM or FDM, multiplexing SR resources between CE UEs and non-CE/legacy UEs may need some considerations to minimize the impacts non-CE/legacy UEs. Alternatively, SR repetition can be transmitted non-contiguously in SR subframes. In this case, multiple SR transmission can be multiplexed based on CDM/FDM/TDM, therefore, many UEs can have chance to transmit SR. Meanwhile, if time difference between SR subframes is not small enough, channel estimation gain and acceptable latency may not be achievable. In that point of view, it can be considered to apply a hybrid approach of contiguous/non-contiguous SR repetition. For instance, if the total number of SR repetition is set to N, UE can transmit M contiguous SR repetition N/M times which can occur discontinuously over N’ subframe where N’ > N as shown in Figure 1. 
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Figure 1: Example of SR repetition with hybrid approach of contiguous/non-contiguous SR repetition.
In case of SR repetition number, it can be simply aligned with that of HARQ-ACK since SR can be transmitted on PUCCH format 1/1a. 

Proposal 1: A set of starting subframes for SR repetition can be defined by period and offset as in the legacy SR resource configuration.  

Proposal 2: It can be considered to align SR repetition number with that of other UCI which can share the same container (e.g. PUCCH format 1/1a). The repetition number for SR transmission is semi-statically configured.
2.2. SR related procedure enhancement

In legacy system, SR would not be transmitted in SR resource even if SR is triggered while sr-ProhibitTimer is running. If SR repetition is performed, it seems straightforward; this procedure relevant to sr-ProhibitTimer will be modified to be considering SR repetition number. For instance, this prohibit procedure will be based on SR bundle consisting of SR repetitions rather than single SR transmission. 
After SR is triggered, SR can be retransmitted up to high layer signalled value, denoted by dsr-TransMax, until all pending SR is cancelled. This procedure can be also modified to be considering SR repetition number. Furthermore, if SR repetition is not transmitted due to collision with other UCI such as HARQ-ACK and/or CSI, it can be considered not to increase SR_COUNTER. To do this, UE can signal indication relevant to SR repetition dropping to high layer. 
Proposal 3: SR related procedure can be modified to be considering SR repetition number, and if SR repetition is not transmitted due to collision with other UCI, SR_COUNTER would not be increased. It can be considered that UE signals indication relevant to SR repetition dropping to high layer. 
2.3. Collision handling between SR repetition and HARQ-ACK repetition
For normal case, SR can be transmitted by using SR PUCCH resource or HARQ-ACK PUCCH resource depending on SR status. In coverage enhancement mode, it would not be guaranteed that starting subframe of HARQ-ACK repetition is aligned with that of SR repetition. If SR repetition and HARQ-ACK repetition are multiplexed in the middle of the transmission, it can increase eNB complexity due to the blind detection for SR resource and HARQ-ACK resource for certain duration of time. To alleviate this situation, it can be considered to delay SR repetition until next HARQ-ACK transmission and to assume that SR is transmitted when HARQ-ACK is transmitted. In MTC environment, since it is expected UL traffic is much frequent compared to DL traffic, this approach could be inefficient. To bypass this problem, it can be considered to introduce common PUCCH resource for SR and HARQ-ACK, and to jointly encode SR and HARQ-ACK on this PUCCH resource. In this case, PUCCH will be transmitted for both cases where positive SR is triggered or HARQ-ACK feedback occurs. For example, PUCCH format 1b can be used to jointly encode HARQ-ACK and SR. In this case, MSB of PUCCH format 1b is used to express HARQ-ACK status such as ACK or NACK/DTX while LSB of PUCCH format 1b can express SR status. Except for the case where HARQ-ACK is DTX and SR is negative, UE will transmit PUCCH format 1b to send SR and HARQ-ACK by using the same resource. In other words, the resource for PUCCH transmission would not be changed regardless of whether SR is transmitted or not. 
Alternatively, it can be considered to select one and drop others based on predefined priority rule. In this case, SR repetition can be prioritized over HARQ-ACK repetition since UL could be more important for MTC UEs. Or, UE can select earlier transmission as higher prioritized UCI. For instance, if HARQ-ACK repetition is transmitted earlier than SR repetition, than HARQ-ACK repetition will be prioritized. Otherwise, SR repetition can be prioritized. 
Proposal 4: It is necessary to investigate how to handle collision between HARQ-ACK repetition and SR repetition considering eNB complexity due to blind detection of multiple PUCCH resources. 
3. SRS transmission and repetition 
3.1. SRS configuration for repetition 
For normal UE, SRS can be transmitted in the last SC-FDMA symbols. In a similar manner, SRS repetition can be also transmitted in the last SC-FDMA symbols for a long time. In this case, it would be necessary to signal cell-specific SRS repetition resources to MTC UEs to apply shortened PUSCH/PUCCH considering SRS bandwidth and subframe. 
Alternatively, it can be considered that continuous multiple SRS repetitions over multiple subframes where multiple SRS repetitions also occur in one subframe. In this case, PUCCH/PUSCH would not be transmitted in cell-specific SRS repetition subframes. 
3.2. Simultaneous transmission of SRS and PUCCH/PUSCH
If the frequency location of SRS repetition is aligned with that of PUCCH or PUSCH, it seems straightforward that UE applies shortened PUCCH or PUSCH considering SRS configuration and transmit SRS in the last SC-FDMA symbol. However, if SRS repetition is configured in different narrowband compared to PUCCH/PUSCH which is transmitted in the same subframe, it would not be trivial that the UE behavior due to the retuning time for switching transmit narrowband. For simplicity, it can be assumed that the frequency location of SRS repetition and PUCCH/PUSCH is always aligned. However, this approach would not be beneficial in terms of the flexibility by having multiple transmit narrowbands. Another approach is to select one channel instead of transmitting both. For simplicity, SRS repetition can be dropped for this case. On the other hand, if SRS repetition is not dropped for this case, it would be needed to reserve retuning time during PUCCH/PUSCH transmission. In case of PUCCH, since multiple PUCCH transmissions can be CDMed with OCC, it is necessary to investigate the condition relevant shortened PUCCH format considering retuning time. 
Proposal 5: It is necessary to investigate how to perform simultaneous transmission of SRS and PUCCH/PUSCH in a subframe considering retuning time. It is preferred to drop SRS in case SRS and PUCCH/PUSCH in the same subframe are scheduled in different narrowbands considering retuning latency.
In case of aperiodic SRS, it seems unclear to transmit SRS and PUSCH in a subframe simultaneously. If narrowband for aperiodic SRS repetition are the same with that of PUSCH repetition, it seems unclear the usage or benefit of transmitting SRS. Otherwise, it may require retuning time as mentioned earlier. In this case, it can be seen as inefficient mechanism that UL grant DCI triggers aperiodic SRS. In that point of view, it is necessary to further investigate how to trigger aperiodic SRS for MTC UE. 

Proposal 6: It is necessary to investigate how to trigger aperiodic SRS repetition. FFS on details. 
3.3. Collision handling between SRS and other channels
If we consider minimizing the impact on legacy UE for MTC transmissions, it is also necessary to handle the cases where legacy SRS (or PUCCH/PUSCH) collides with MTC PUCCH/PUSCH/SRS (or SRS) in a subframe. If legacy SRS collides with MTC channels, the detection performance of the legacy SRS can be worsened due to the interference from MTC channels. In a similar manner, for MTC channels, the collided legacy SRS works as interference, too. Simply, it can be considered that eNB controls scheduling and/or SRS configuration to avoid these kinds of collisions. However, it can reduce flexibility in terms of resource utilization and increase eNB complexity. If we consider a number of MTC UEs, then this approach can be further inefficient. 
Alternatively, it can be considered that eNB signals legacy SRS configuration to MTC UEs. In this case, MTC PUSCH/PUCCH can perform rate-matching or shortened format considering the received SRS configuration for both legacy UE and MTC UE. In addition, to avoid the collision between legacy PUCCH/PUSCH and MTC SRS, MTC SRS resources (e.g. Bandwidth and/or subframe) can be configured to be subset of those of legacy SRS. If MTC SRS configuration is always aligned with legacy SRS configuration, it can have the same effect without signalling of legacy SRS to MTC UE. This approach can be efficient when effective MTC narrowbands for PUCCH /PUSCH transmission cover overall system bandwidth or resources for legacy UEs. Otherwise, this approach would need further enhancement for efficient MTC SRS transmission. For example, if MTC UEs will effectively use two narrowbands, it is necessary to introduce how to transmit MTC SRS across these two narrowbands efficiently rather than across overall bandwidth. 
Proposal 7: It is necessary to investigate to handle collisions between PUCCH/PUSCH/SRS for legacy UEs and MTC UEs. It is preferred to indicate cell-common SRS configuration for legacy UEs to MTC UEs to minimize the impacts on the legacy UEs. 
4. Summary and conclusions

In this paper, we discussed transmission focusing on SR and SRS repetition for Rel-13 MTC UEs. The followings summarize our proposals.
Proposal 1: A set of starting subframes for SR repetition can be defined by period and offset as in the legacy SR resource configuration.  

Proposal 2: It can be considered to align SR repetition number with that of other UCI which can share the same container (e.g. PUCCH format 1/1a). The repetition number for SR transmission is semi-statically configured.
Proposal 3: SR related procedure can be modified to be considering SR repetition number, and if SR repetition is not transmitted due to collision with other UCI, SR_COUNTER would not be increased. It can be considered that UE signals indication relevant to SR repetition dropping to high layer. 
Proposal 4: It is necessary to investigate how to handle collision between HARQ-ACK repetition and SR repetition considering eNB complexity due to blind detection of multiple PUCCH resources. 
Proposal 5: It is necessary to investigate how to perform simultaneous transmission of SRS and PUCCH/PUSCH in a subframe considering retuning time. It is preferred to drop SRS in case SRS and PUCCH/PUSCH in the same subframe are scheduled in different narrowbands considering retuning latency.
Proposal 6: It is necessary to investigate how to trigger aperiodic SRS repetition. FFS on details. 
Proposal 7: It is necessary to investigate to handle collisions between PUCCH/PUSCH/SRS for legacy UEs and MTC UEs. It is preferred to indicate cell-common SRS configuration for legacy UEs to MTC UEs to minimize the impacts on the legacy UEs. 

