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[bookmark: _Ref129681832]In RAN1#87, the following agreements were concluded for SRS coverage enhancement [1]:
	Agreements:
· On ‘SRS coverage enhancement’:
· P-SRS can be transmitted on at most 6 UpPTS symbols in the same subframe for the same FeMTC UE
· A-SRS can be transmitted on at most 6 UpPTS symbols in the same subframe for the same FeMTC UE
· Use similar RRC signalling as introduced for the corresponding functionality in the Rel-14 WI for SRS-based carrier switching
· This is an optional UE capability 


In this contribution, we further discuss the issue of SRS retuning. 
SRS retuning
For BL/CE UEs, a guard period would be created for Tx-to-Tx frequency retuning between two consecutive subframes [2]. Also for a BL/CE UE, for a SRS transmission in subframe n and if the UE transmits PUSCH/PUCCH in subframe n and/or n+1, the UE shall not transmit the SRS in subframe n if the SRS transmission bandwidth in subframe n is not completely within the narrowband of PUSCH/PUCCH in subframe n and/or n+1. Moreover, a BL/CE UE shall not transmit SRS in UpPTS if SRS frequency location is different from DwPTS reception narrowband in the same special subframe [3]. The length of the guard period can be reduced by a Rel-14 FeMTC UE to {0, 1, 2} SC-FDMA symbols, depending on the ability of the UE.
In RAN1#87, it was agreed that UE can transmit SRS on at most 6 UpPTS symbols in the same subframe. For a TDD system, SRS can be used for beamforming which helps to exploit the channel reciprocity, and there can be significant gains from TDD beamforming with a typical deployment having 8 transmit antennas at the eNB side. For example, it was shown in [4] that at least a 50% reduction in the number of PDSCH repetitions can be achieved when the SNR of SRS is improved from -20 dB to -12 dB. This is also an important motivation to transmit SRS on at most 6 UpPTS symbols, since more repeated SRS in the same subframe can be merged and the SNR of SRS is equally increased. Hence, when frequency retuning occurs and if the SRS is involved, the eNB may prefer to receive the SRS rather than PUCCH or PUSCH, since the loss of one or two PUCCH/PUSCH symbols is not so severe considering the significant benefits brought by SRS feedback. 
Currently, the specifications only permit the creation of a guard period when one of the subframes contains SRS by not transmitting any SRS in that subframe at all. This means the UE cannot transmit any SRS in UpPTS when frequency retuning occurs, even if the UE is configured to transmit SRS on 6 UpPTS symbols. Since we now have the enhanced SRS transmission it makes sense to allow the eNB to configure a guard period behavior that protects SRS transmission in UpPTS during frequency retuning. 
Proposal 1: The eNB can configure a frequency retuning scheme that protects SRS transmission in UpPTS.
For example, when the retuning period is 2 SC-FDMA symbols, and when SRS are transmitted in the last 2 SC-FDMA symbols in UpPTS in subframe n, the guard period can be created by not transmitting the first 2 PUSCH symbols in subframe n+1, as illustrated in Figure 1:


[bookmark: _Ref471747234]Figure 1 Guard period=2 symbols. PUSCH is transmitted in subframe n+1.
If PUCCH is transmitted in subframe n+1, considering that a shortened format can be applied and allow one symbol shortening without causing serious impact, the guard period can be created by not transmitting the SRS in the last SC-FDMA symbol in subframe n and the first PUCCH in the first SC-FDMA symbol in subframe n+1, as illustrated in Figure 2:


[bookmark: _Ref471747864]Figure 2 Guard period=2 symbols. PUCCH is transmitted in subframe n+1.
When the guard period is 1 SC-FDMA symbol, a similar behavior can be used. Figure 3 illustrates the guard period of 1 SC-FDMA symbol. The UE will not transmit the PUCCH or PUSCH in the first symbol in subframe n+1.


[bookmark: _Ref472061777]Figure 3 Guard period=1 symbol. PUCCH/PUSCH is transmitted in subframe n+1
Proposal 2: For a SRS transmission in UpPTS in subframe n and if the UE transmits PUSCH/PUCCH in subframe n+1, and if the SRS transmission bandwidth in subframe n is not completely within the bandwidth of PUSCH/PUCCH in subframe n+1:
· If the UE needs 2 symbols to retune
· PUSCH in the first 2 symbols in subframe n+1 is not transmitted 
· SRS in the last symbol in subframe n and PUCCH in the first symbol in subframe n+1 is not transmitted
· If the UE needs 1 symbol to retune
· PUSCH/PUCCH in the first symbol in subframe n+1 is not transmitted
· If the UE needs 0 symbols to retune
· All symbols are transmitted 
The retuning between DwPTS and UpPTS in the same special subframe should also be considered. So far the SRS in UpPTS will not be transmitted if SRS frequency location is different from DwPTS reception narrowband, whatever the special subframe configuration or UE capability is. In this case, the guard period can be created by not receiving the (M)PDCCH/PDSCH in the last K SC-FDMA symbol in DwPTS, where K=1, 2 is the required guard period. The GP should not be used for retuning guard period to avoid uncertain impact on TA between DL and UL. An example of K=2 is provided in Figure 4:


[bookmark: _Ref472068011]Figure 4 Guard period=2 symbols. Retuning between DwPTS and UpPTS in the same special subframe.
Proposal 3: For a SRS transmission in UpPTS, and if the UE receives PDSCH/PDCCH in DwPTS in a different frequency location in the same special subframe:
· If the UE needs 2 symbols to retune
· PDSCH/(M)PDCCH in the last 2 symbols in DwPTS are not received
· If the UE needs 1 symbol to retune
· PDSCH/(M)PDCCH in the last symbol in DwPTS are not received
· If the UE needs 0 symbol to retune
· All symbols are received
The new frequency retuning scheme can benefit the coverage of SRS and the estimation accuracy of channel, since the transmission of SRS in UpPTS is well protected.
Conclusions
In this contribution, we highlight that the current frequency retuning schemes for FeMTC are not properly compatible with the SRS enhancements that have been introduced, and discuss how the eNB can allow a more appropriate scheme to protect SRS:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: The eNB can configure a frequency retuning scheme that protects SRS transmission in UpPTS.
Proposal 2: For a SRS transmission in UpPTS in subframe n and if the UE transmits PUSCH/PUCCH in subframe n+1, and if the SRS transmission bandwidth in subframe n is not completely within the bandwidth of PUSCH/PUCCH in subframe n+1:
· If the UE needs 2 symbols to retune
· PUSCH in the first 2 symbols in subframe n+1 is not transmitted 
· SRS in the last symbol in subframe n and PUCCH in the first symbol in subframe n+1 is not transmitted
· If the UE needs 1 symbol to retune
· PUSCH/PUCCH in the first symbol in subframe n+1 is not transmitted
· If the UE needs 0 symbols to retune
· All symbols are transmitted

Proposal 3: For a SRS transmission in UpPTS, and if the UE receives PDSCH/PDCCH in DwPTS in a different frequency location in the same special subframe:
· If the UE needs 2 symbols to retune
· PDSCH/(M)PDCCH in the last 2 symbols in DwPTS are not received
· If the UE needs 1 symbol to retune
· PDSCH/(M)PDCCH in the last symbol in DwPTS are not received
· If the UE needs 0 symbol to retune
· All symbols are received
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