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1. [bookmark: DocumentFor]Introduction
At the RAN1 #84 meeting, whether and how we support SRS transmission in LAA SCells were discussed and following agreements were achieved:
Agreements:
· Support of SRS transmissions on LAA SCell is recommended for LAA UL
· For a UE, SRS transmission with PUSCH is supported 
· FFS if SRS transmission without PUSCH is supported
· If supported, FFS whether with or without LBT
· Aperiodic SRS transmission with PUSCH is supported in eLAA
· Enhancements of aperiodic SRS transmission and/or triggering are not precluded
· FFS: Aperiodic SRS transmission without PUSCH
In order to solve remaining issues in above agreements, one email discussion was conducted after RAN1 meeting [1]. Our views regarding these issues are shown in this contribution. In addition, some other possible enhancements on SRS transmission are also discussed. 
2. SRS transmission structure 
2.1 SRS without PUSCH
As discussed in the Email discussion after RAN1#84 meeting [1, 2], SRS transmission structure will be largely impacted by the decision on the support of SRS transmission without PUSCH. Therefore, we will present our views on the necessity of SRS transmission without PUSCH firstly.
Current LTE supports SRS transmission without PUSCH, it is beneficial for network to maintain the information about the channel conditions for UEs not recently scheduled. Same reason to support SRS transmission without PUSCH can also be applied to LAA SCell. In addition, in LAA SCell, SRS transmission is helpful for channel quality estimation to benefit UL transmission, e.g. MU-MIMO operation, as well as reciprocity-based DL transmission especially when DL RS cannot be transmitted due to LBT busy. If SRS without PUSCH transmission is supported, UL LBT is required even for SRS only transmission which could be very short. It is preferred to adopt one universal CCA position for PUSCH transmission without SRS, SRS transmission with PUSCH and SRS transmission without PUSCH to avoid blocking issues and additional specification efforts as explained below.
Proposal 1: In order to support MU-MIMO and exploit channel reciprocity, SRS transmission without PUSCH should be supported.
Proposal 2: One universal CCA position should be adopted for PUSCH without SRS, PUSCH with SRS and SRS only transmission
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]In addition, if SRS transmission without PUSCH is supported, the SRS position should be designed so that multiplexing of SRS transmission without PUSCH and SRS transmission with PUSCH is achievable. If the SRS position is at the end of the valid symbol of the UL transmission burst or UL subframe, additional CCA gap will be needed ahead of the SRS symbol for SRS transmission without PUSCH. To avoid blocking the SRS only transmission, PUSCH transmission with SRS needs to blank one symbol before the SRS symbol which increases the risk of losing the channel and needs more specification efforts. Therefore, it is preferred to transmit SRS at the 1st available valid symbol (the UpPTS symbol of previous subframe or 1st symbol of UL subframe) so that one CCA gap can be shared between SRS only transmission and SRS transmission with PUSCH. Examples of the multiplexing SRS only transmission and SRS transmission with PUSCH are illustrated in Fig. 1.
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(a) SRS is at the 1st symbol of UL subframe               (b) SRS is at the UpPTS symbol of previous subframe
Fig. 1 SRS transmission structure for the multiplexing SRS only and SRS with PUSCH

Proposal 3: For SRS transmission without PUSCH, the SRS position should be at the 1st available valid symbol of the UL transmission burst or UL subframe.

2.2 SRS with PUSCH
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]For a subframe where there is no SRS only transmission, it is beneficial to place SRS at the end of the valid symbol of the UL transmission burst or UL subframe to obtain more accurate and real-time channel estimation. Besides, it is easy to multiplex the PUSCH transmission without SRS and PUSCH transmission with SRS, as shown in Fig. 2, the PUSCH transmission without SRS only needs to puncture its end of the valid symbol of the UL subframe. Therefore, for SRS transmission with PUSCH, configurable SRS position that the SRS could be placed at the 1st available valid symbol (the UpPTS symbol of previous subframe or 1st symbol of UL subframe) or the end of the valid symbol of the UL transmission burst or UL subframe is beneficial. The indication of the SRS position for PUSCH transmission with SRS should be dynamically signaled in common PDCCH or UL grant. Actually since the aperiodic SRS transmission is under the control of the eNB, if the accurate channel estimation is more important, eNB can avoid scheduling SRS transmission without PUSCH and SRS transmission with PUSCH at the same subframe, so that SRS could be placed at the end of the valid symbol of the UL transmission burst or UL subframe. 
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Fig.2 SRS transmission structure for the multiplexing PUSCH only and SRS with PUSCH
Proposal 4: For SRS transmission with PUSCH, the SRS position should be configured by dynamic signalling.
· The SRS position is either at the 1st available valid symbol or the end of the valid symbol of the UL transmission burst or UL subframe.

3. SRS configuration 
In legacy LTE system, UE could transmit both periodic SRS and aperiodic SRS. For periodic SRS, the parameter setting for SRS transmission is configured via higher layer and UE transmits the configured SRS periodically. There are some issues on periodic SRS transmission in unlicensed carrier. Firstly, there would be no fixed subframe for UL transmission. So it is probable that most of the periodic SRS occasions could not be used due to DL transmission/reception or LBT busy. Secondly, for the efficient use of unlicensed spectrum, SRS transmission in unlicensed carrier should be performed only when necessary. In short, periodic SRS transmission would not be supported.    
Proposal 5: Periodic SRS transmission should not be supported.   
Furthermore, the dropping rules when SRS collides with other UL channels as well as the power scaling approach with other UL transmission can be based on the existing rule as baseline. 
Proposal 6: Existing rules for SRS dropping and power scaling can be considered as baseline.  
4. SRS enhancement 
For the SRS transmission in unlicensed carrier, we should take care of the transmission bandwidth and power density regulation [3] as well as for PUSCH transmission structure [4]. One of the implementation approaches to comply with such the regulatory limitation is only configuring wideband SRS for UEs. However, by using this approach, accuracy of channel quality estimation based on SRS could not be ensured for some of cell edge UEs. Therefore, similar to PUSCH design, enhancement on SRS bandwidth expansion with sufficient power density for coverage based on new comb design and/or multi-cluster transmission should be considered. 
Proposal 7: SRS enhancement to achieve bandwidth expansion with sufficient power density for coverage based on new comb design and/or multi-cluster transmission should be considered. 
5. Conclusion 
In this contribution, we discussed the SRS transmission structure as well as the SRS configuration. We made the following proposals.
Proposal 1: In order to support MU-MIMO and exploit channel reciprocity, SRS transmission without PUSCH should be supported.
Proposal 2: One universal CCA position should be adopted for PUSCH without SRS, PUSCH with SRS and SRS only transmission
Proposal 3: For SRS transmission without PUSCH, the SRS position should be at the 1st available valid symbol of the UL transmission burst or UL subframe.
Proposal 4: For SRS transmission with PUSCH, the SRS position should be configured by dynamic signalling.
· The SRS position is either at the 1st available valid symbol or the end of the valid symbol of the UL transmission burst or UL subframe.
Proposal 5: Periodic SRS transmission should not be supported.   
Proposal 6: Existing rules for SRS dropping and power scaling can be considered as baseline.  
Proposal 7: SRS enhancement to achieve bandwidth expansion with sufficient power density for coverage based on new comb design and/or multi-cluster transmission should be considered. 
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