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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1#82bis [1], following agreements were made on cell specific SRS resource reservation for MTC channels.
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
This contribution discusses remaining issues on cell specific SRS resource reservation for MTC channels.
Discussion
In the subframes configured as SRS subframes, MTC UEs should avoid uplink transmission (PUSCH and PUCCH) in the last SC-FDMA symbol. For PUSCH, this is realized by rate-matching [2] or puncturing [3]. For PUCCH, this is realized by the use of shortened PUCCH format. All transmission schemes do not transmit any signals in the last SC-FDMA symbol and therefore UE transmit power is different between the last SC-FDMA symbol and the other symbols. In RAN1#82bis, LS on eMTC UE transmission aspect [4] was sent and it asks RAN4 to provide feedback on whether the phase continuity in the transmitted signal can be maintained if the UE suspends transmission in one SC-FDMA symbol (due to cell-specific SRS) and resumes transmission after the SC-FDMA symbol. If RAN4 concludes reserving SRS symbol introduces the phase discontinuity in the transmitted signal, the collision between repetition (especially the period of cross-subframe channel estimation) and cell-specific SRS configuration should be carefully handled. It is because if the SRS subframes are reserved in the middle of the period for cross-subframe channel estimation (X-subframe) as shown in Fig.1, the UE transmit power transition occur during X-subframe. Then, as reserving SRS symbol introduces phase discontinuity, cross-subframe channel estimation is not possible.
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Fig.1	Collision between MTC channels and legacy SRS.

One realization method is, in order to allow cross-subframe channel estimation during X-subframe, X should be smaller than the cell-specific SRS configuration period TSFC when the cell-specific subframe offset SFC should has one value (e.g., srs-SubframeConfig = 3,4,5,6 (TSFC = 5), and  srs-SubframeConfig = 9,10,11,12 (TSFC = 10) for FDD). In addition, the alignment of the transmission timing of repetition would be required to avoid the collision. For example, to align starting timing of PUSCH repetition of X-subframe to the next subframe configured by SRS subframe configuration would help to avoid collision between repetition and cell-specific SRS configuration and then would allow to perform cross-subframe channel estimation as shown in Fig.2.
Proposal 1: In the case RAN4 concludes reserving SRS symbol introduces the phase discontinuity, the alignment of staring timing of uplink repetition should be considered. This would impact where YCH boundary can be configured from the specification perspective.
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Fig.2	Handling collision between repetition and cell-specific SRS configuration.

If RAN4 concludes reserving SRS symbol does not introduce the phase discontinuity in the transmitted signal, cross-subframe channel estimation is possible even SRS symbol is reserved during the period of cross-subframe channel estimation. Then the issues to be considered are how to realize the behaviour when SRS resource is reserved. As mentioned above, for PUSCH, rate-matching or puncturing are candidates. 
For CE mode B, lower coding rate is expected. In such condition, rate matching and brute force puncturing would be no performance difference. In order to allow symbol level combining as the implementation technique during the period of cross-subframe channel estimation, IQ pair of the symbols should be same. It could be realized by always using PUSCH with full subframe encoding and puncturing the last SC-FDMA symbol if the subframe is collided with cell-specific SRS configuration.
Proposal 2: For CE mode B, brute force puncturing the last SC-FDMA symbol is applied for PUSCH repetition if the subframe is collided with cell-specific SRS configuration.

We proposed in [5] to use subframe level CDM on the top of repetition. For CDM in CE mode B, the difference of the symbol length (reserved for SRS symbol or not) can be managed by 1) cell-specific configuration is common among CDMed subframes and/or 2) the receiver does not use the SC-FDMA symbol, which is not common among CDMed subframes. Not to use the last SRS symbol could loss of up to 1/14 subframe usage but CDM itself would have the capacity gain of two or four times depending on spreading factor. Therefore, not to use the last SRS symbol is not a problem.
For PUCCH, since just puncturing the last SC-FDMA symbol if the subframe is collided with cell-specific SRS configuration could impact on the orthogonality of the OCC, MTC UEs may use shortened PUCCH format if the subframe is collided with cell-specific SRS configuration. However, to use shortened PUCCH format depending on the cell-specific SRS configuration could not allow the implementation of symbol level combining. In order to allow symbol level combing, for PUCCH in CE mode B, if one or more subframes during the period of symbol level combining contains cell-specific SRS subframe, to use shortened PUCCH format for every subframes could be one possibility to allow symbol level combining. Furthermore, it would be related to UL retuning behaviour. If discard at most the last SC-FDMA symbol of an UL subframe and at most first SC-FDMA symbol of the following UL subframe as retuning gap, shortened PUCCH format and the modification of shortened format is used at the subframe before/after retuning. Therefore, to use shortened format would be reasonable from symbol level combining perspective. While if discard at most the last (or first) 2 SC-FDMA symbols of an (the following) UL subframe as retuning gap, we propose to puncture the last (or first) 2 SC-FDMA symbols in PUCCH and restrict the use of OCC [6].  In this case, to allow symbol level combining, if one or more subframes during the period of symbol level combining contains cell-specific SRS subframe, to puncture last 2 SC-FDMA symbols in PUCCH for every subframes could also be one possibility.
Proposal 3: Shortened PUCCH format is used for PUCCH repetition if the subframe is collided with cell-specific SRS configuration.
Proposal 4: For CE mode B, if one or more subframes during the period of symbol level combining contains cell-specific SRS subframe, to allow symbol level combining, we propose following.
· If retuning symbols are the last SC-FDMA symbol and the first SC-FDMA symbol, shortened PUCCH format is used for every subframe.
· If retuning symbols are the last two SC-FDMA symbols, the last 2 SC-FDMA symbols in PUCCH is punctured for every subframe and the use of OCC is restricted to 2.
Note that our position is to discard at most the last 2 SC-FDMA symbols [6].

For CE mode A, cross-subframe channel estimation, symbol combining or subframe level CDM on the top of the repetition are not proposed. Therefore, same behaviour with legacy is sufficient. 
Proposal 5: For CE mode A, same behaviour with the legacy is used on SRS handling.

Conclusion
In this contribution, we discussed several issues on cell specific SRS resource reservation for MTC channels. Based on the discussion presented, we summarize our views through the following proposals:
Proposal 1: In the case RAN4 concludes reserving SRS symbol introduces the phase discontinuity, the alignment of staring timing of uplink repetition should be considered. This would impact where YCH boundary can be configured from the specification perspective.
Proposal 2: For CE mode B, brute force puncturing the last SC-FDMA symbol is applied for PUSCH repetition if the subframe is collided with cell-specific SRS configuration.
Proposal 3: Shortened PUCCH format is used for PUCCH repetition if the subframe is collided with cell-specific SRS configuration.
Proposal 4: For CE mode B, if one or more subframes during the period of symbol level combining contains cell-specific SRS subframe, to allow symbol level combining, we propose following.
· If retuning symbols are the last SC-FDMA symbol and the first SC-FDMA symbol, shortened PUCCH format is used for every subframe.
· If retuning symbols are the last two SC-FDMA symbols, the last 2 SC-FDMA symbols in PUCCH is punctured for every subframe and the use of OCC is restricted to 2.
Proposal 5: For CE mode A, same behaviour with the legacy is used on SRS handling.
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