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Discussion/Decision
1 Introduction
This contribution discusses how to handle the overlap between SRS and other physical uplink channels, e.g. PUCCH or PUSCH for a Rel-13 MTC UE when the UE has to transmit PUSCH or PUCCH in the cell specific SRS resource. The issue was discussed in RAN1#82bis but the following agreement was only reached [1].
Agreements:
· At least for CE mode B, LC/CE UE does not support SRS transmission

· The following fields in cell-specific SRS configuration are broadcast to LC/CE UE:

· srs-BandwidthConfig
· srs-SubframeConfig
· ackNackSRS-SimultaneousTransmission 

According to above agreement, eNB broadcasts some cell-specific SRS information to low cost (LC) and coverage enhancement (CE) UE and this broadcast allows the LC/CE UE to avoid possible collision with SRS properly when the UE transmits PUSCH or PUCCH in the cell specific SRS resource, but detailed behavior has not been agreed. Therefore, based on the agreement, this contribution will discuss the LC/CE UE behaviors to avoid the collision between SRS and PUSCH/PUCCH in the cell specific SRS subframe.
2 Discussion

Since the overlap between SRS and PUCCH/PUSCH within a subframe can affect UL throughput and even DL throughput in TDD, Rel-12 LTE defined the UE behaviour to avoid it  [2, 3]. According to the legacy UE behavior, a UE transmits a shortened PUCCH format 1/1a/1b in cell specific SRS subframes regardless of SRS transmission if ackNackSRS-SimultaneousTransmission is set to TRUE. For PUCCH format 2/2a/2b, a UE does not consider cell specific SRS subframe and cell specific SRS bandwidth and if the UE has to transmit both PUCCH format 2/2a/2b and SRS within a subframe, UE drops SRS transmission in that subframe. Finally, a UE does not transmit PUSCH in the last SC-FDMA symbol of the subframe and does rate-matching around the last symbol when the PUSCH is fully or partially overlapped with cell-specific SRS resource or the UE has to transmit both PUSCH and SRS within a subframe. The intension of these UE behaviors is to avoid the collisions between SRS and PUSCH or PUCCH and to enable UE multiplexing for PUCCH formats 1/1a/1b.
Similar UE behaviors are required for a Rel-13 UE to avoid interference when PUCCH or PUSCH can overlap with SRS. Since a LC UE can transmit PUCCH in a narrowband that can be located in the legacy PUSCH region, the PUCCH can possibly overlap with the cell specific SRS bandwidth. A different UE behavior is then required to avoid potential overlap between the PUCCH transmission and SRS transmissions. Furthermore, a UE can transmit PUSCH and PUCCH with repetitions when coverage enhancement is required. To enable cross-subframe channel estimation, which is fundamentally important for CE operation, the phase continuity should be maintained during repetitions and residual frequency offset should be estimated with moderate complexity. However, suspended transmission in a SC-FDMA symbol may result in phase discontinuity (pending RAN4 response) and rate-matching or puncturing for the last SC-FDMA symbol may complicate residual frequency offset tracking. So, LC/CE UE behaviors required for handling the overlap between SRS and PUCCH/PUSCH within a subframe may need to be different than in Rel-12. Table 1 summarizes the UE behaviors required for a Rel-13 LC/CE UE to avoid PUCCH/PUSCH and SRS overlap.
Table 1. UE behavior for Rel-13 LC/CE UE to avoid the overlap between SRS and PUCCH/PUSCH
	
	CE Mode A
	CE Mode B
(under condition if phase continuity remains)*

	PUCCH format 1/1a
	Transmit shortened PUCCH format 1/1a either when the PUCCH resource overlaps with cell specific SRS bandwidth or when ackNackSRS-SimultaneousTransmission is TRUE in a cell specific SRS subframe (assuming that PUCCH from Rel-12 and Rel-13 LC UEs are multiplexed in the same PRB).
	Transmit shortened PUCCH 1/1a when the PUCCH resource overlaps with cell specific SRS bandwidth/subframe

	PUCCH format 2/2a
	Transmit a PUCCH format 2/2a with puncturing in the last SC-FDMA symbol when a resource for the PUCCH overlaps with cell specific SRS bandwidth/subframe.
	No PUCCH format 2/2a for CE Mode B

	PUSCH
	Transmit a PUSCH with puncturing in the last SC-FDMA symbol to enable frequency offset tracking with PUSCH repetitions when the PUSCH resource overlaps with cell specific SRS bandwidth/subframe.
	Transmit a PUSCH with puncturing in the last SC- FDMA symbol to enable frequency offset tracking with PUSCH repetitions when PUSCH resource overlaps with cell specific SRS bandwidth/subframe.

	*If RAN4 response is that phase continuity cannot be maintained due to suspended transmission in the one SC-FDMA symbol, a UE in Mode B is not required to consider cell specific SRS subframe/bandwidth and can transmit PUSCH and PUCCH without puncturing.


Unlike Rel-12, a PUCCH resource for a LC UE can be overlapped with the cell specific SRS bandwidth depending on the narrowband configuration and cell specific SRS configuration. Therefore, the LC UE in Mode A should transmit a shortened PUCCH format 1/1a or a PUCCH format 2/2a with puncturing when the PUCCH resource is overlapped with the cell specific SRS bandwidth in the cell specific SRS subframe. Also, according to network configuration, a same PUCCH resource can be used for both LC UEs and non-LC UE. Then, the LC-UE transmits shortened PUCCH format 1/1a in the cell specific SRS subframe when ackNackSRS-SimultaneousTransmission is set to TRUE.
UE behavior for CE mode B UE depends on whether phase continuity is maintained when the UE suspends transmission in the last SC-FDMA symbol of a subframe. If phase discontinuity occurs, it disables cross-subframe channel estimation and frequency error correction and requires a much higher number of repetitions for a PUSCH or PUCCH transmission. Therefore, UE behavior for CE mode B UE should be defined according to the RAN4 response on the RAN1 LS [4]. If the RAN4 response is that phase continuity cannot be maintained, puncturing PUSCH or PUCCH in the last SC-FDMA symbol should not be supported. The impact on potential SRS transmission is marginal as the interference will be over only 1 RB and well below the inter-cell interference levels. Otherwise, a LC-UE can transmit a shortened PUCCH format 1/1a or transmit PUSCH with puncturing in the last SC-FDMA symbol to avoid overlapping with potential SRS transmissions. 
Proposal: For a Rel-13 UE supporting coverage enhancement, the UE behavior to avoid overlap between SRS and PUCCH/PUSCH is as defined in Table 1.
3 Conclusion

This contribution considered the LC/CE UE behaviors to avoid the collision between SRS and PUSCH/PUCCH in the cell specific SRS subframe and proposed the following.
Proposal: For Rel-13 UE supporting coverage enhancement, UE behavior to avoid overlap between SRS and PUCCH/PUSCH is as defined in Table 1.
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