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Discussion/Decision
1 Introduction
According to the detailed objectives for the reduced UE bandwidth of 1.4 MHz in the WID [1], bandwidth reduced MTC UEs should be able to operate within any system bandwidth and frequency multiplexing of Rel-13 low cost (LC) UEs and legacy UEs should be supported. To achieve these objectives, operation of Rel-13 LC UEs should be designed so that, for scheduling of both LC UEs and legacy UEs within the system bandwidth, negative impacts or possible collisions between the two types of UEs are avoided with minimum spec impact. This contribution considers the impact of SRS transmission from legacy UEs on uplink transmissions from LC UEs.
2 Discussion
Figure 1 shows uplink resource utilization where uplink transmission from LC UEs requiring coverage enhancement and cell-specific SRS resources configured for legacy UEs are considered within the UL system bandwidth. SRS transmissions from legacy UEs appear in the cell-specific SRS subframes and within the cell-specific bandwidth. For a LC UE requiring coverage enhancement, PUSCH can be transmitted in multiple subframes with frequency hopping as agreed in the last RAN1#80 [2]. Similarly, resources for PRACH transmissions can be located in certain 6 RBs and consecutive subframes with frequency hopping for coverage enhancement (frequency hopping is not explicitly shown in Figure 1).
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Figure 1. Uplink resource utilization for low-cost MTC UEs
According to [3], a legacy UE applies rate-matching and does not transmit PUSCH in the last SC-FDMA symbol of a subframe if the UE transmits SRS in the same subframe or if the PUSCH transmission overlaps partly or fully with the cell-specific SRS bandwidth in the subframe. 

Since an uplink transmission from a Rel-13 LC UE can be located anywhere within the UL system bandwidth that is available for PUSCH transmissions, restrictions on the cell-specific SRS BW configuration to avoid SRS collisions with PUSCH transmissions (possibly with repetitions) can be counter-productive  for a network as it can affect UL throughput and even DL throughput in TDD systems. Therefore, similar procedures as for the legacy PUSCH transmission need to apply for PUSCH transmission from a Rel-13 LC UE operating with or without coverage enhancements. 
For PUSCH repetitions, several subframes can coincide with cell-specific SRS subframes. In such subframes, overlap between SRS transmission from legacy UEs and PUSCH transmission from the low-cost UEs should be avoided. Considering PUSCH repetitions, puncturing of PUSCH transmission in the last SC-FDMA symbol in the subframe when the PUSCH transmission overlaps with cell-specific SRS resource is preferable to rate-matching as it enables symbol level combining of PUSCH repetitions at the receiver and can therefore benefit from inter-subframe DMRS filtering while maintaining a simpler receiver architecture and avoiding additional buffering that would be required for combining after demodulation and rate matching. This can also enable potential orthogonal multiplexing among PUSCH transmissions from different UEs.
Proposal 1: For a low-cost UE requiring coverage enhancement, PUSCH transmission is punctured at the last symbol of a subframe if it overlaps with a SRS transmission.
Similar consideration is also required for PRACH transmission with repetitions from a LC-UE. When a repetition of a PRACH transmission and a legacy SRS transmission occur in the same subframe, the larger received power of the SRS in RBs (or near RBs) where PRACH is transmitted destroys the PRACH structure and the orthogonality for PRACH multiplexing among different UEs and PRACH puncturing has the same effect. Therefore, when a PRACH transmission from a LC UE overlaps with SRS transmissions from legacy UEs, the PRACH transmission should be dropped.
Proposal 2: PRACH transmission from a LC UE is dropped in a subframe where it overlaps with SRS transmissions from legacy UEs.
Finally, to enable a LC UE to adjust PUSCH or PRACH transmissions, and possibly PUCCH transmissions, the cell-specific SRS configuration for legacy UEs needs to be informed to LC UEs. 
Proposal 3: The Cell-specific SRS configuration for legacy UEs is informed to Rel-13 LC UEs.
3 Conclusion
This contribution considered impact of SRS transmissions from non-MTC UEs on uplink transmission of MTC UEs and proposed the following.

Proposal 1: For a low-cost UE requiring coverage enhancement, PUSCH transmission is punctured at the last symbol of a subframe if it overlaps with a SRS transmission.

Proposal 2: PRACH transmission from a LC UE is dropped in a subframe where it overlaps with SRS transmissions from legacy UEs.
Proposal 3: The Cell-specific SRS configuration for legacy UEs is informed to Rel-13 LC UEs.
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