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1. Introduction

In RAN1#84, SRS for Rel-14 eLAA has been discussed and followings were agreed. Additionally, the email discussion [84-14/15/16] has been occur for Rel-14 eLAA design e.g. PUSCH frame structure, SRS design, etc. In this contribution, we would discuss and suggest the views and proposals on SRS design aspects for Rel-14 eLAA.
	Agreements:

· 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


2. SRS transmission for eLAA
2.1. Support of Periodic SRS 
For licensed carrier which is always available for any transmission, Periodic SRS transmission is useful to get channel quality on the UL without signalling for triggering. However, since periodic SRS transmission cannot be guaranteed in unlicensed carrier (i.e. LAA SCell) due to LBT result, there will be much less possibility for a UE to transmit periodic SRS than that of aperiodic SRS which has dynamic property and additionally periodic SRS subframes could cause less resource efficiency and specification impacts e.g. when overlapped with PUSCH/PUCCH in periodic SRS subframe configured by higher layer signalling. Therefore, aperiodic SRS is more preferable in eLAA.

Proposal 1: Periodic SRS is not supported in eLAA.

2.2. Support of standalone SRS transmission
In email discussion [1], there has been discussion on what PUSCH frame structure is adopted for eLAA considering support of SRS transmission and presence of CCA gap in a subframe which is scheduled for PUSCH transmission. To decide it, whether standalone SRS transmission is supported or not shall firstly be discussed. If periodic SRS is not supported in eLAA according to above discussion, standalone aperiodic SRS transmission is only allowed by a DL grant as in TDD, which does not contain PUSCH transmission in the SRS subframe. It will be eventually less motivated considering further specification works for that on top of support of PUSCH with SRS transmission in a subframe, in order to multiplex different UE’s transmission in same subframe e.g. UE 1: PUSCH/PUCCH, UE 2: PUSCH/PUCCH w/ SRS, UE 3: SRS, compared to existing specification and implementation. Therefore, most simple way to support SRS transmission in eLAA is only allowed for PUSCH transmission with SRS.
Proposal 2: Standalone SRS transmission is not supported in eLAA.

2.3. SRS subframe/frequency band configuration
Assuming there is no periodic SRS in eLAA, it should be considered whether current semi-static aperiodic SRS subframe configuration (by RRC) is still reused or not, since different from a licensed carrier, PUSCH(PUCCH) transmission with SRS is not always guaranteed in the configured type 1 SRS subframe according to LBT result. Therefore, according to presence of PUSCH/PUCCH transmission in a UE, aperiodic SRS subframe without semi-static SRS subframe configuration can be indicated by an eNB signalling e.g. (E)PDCCH, in an opportunistic manner as shown in Figure 1. It would be efficient than using the semi-static SRS subframe configuration in a legacy manner and well aligned with opportunistic UL transmission subjected by LBT. And one potential issue could be how to resolve PUSCH Rate Matching in same SRS subframe for PUSCH only UE. However, it may not be issue depending on further details e.g. if a SRS frequency band is same as scheduled PUSCH/PUCCH PRBs which are designed according to interlaced PRB allocation to satisfy the ETSI regulation [2].
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Figure 1. Dynamic signalling without SRS subframe configuration in eLAA

Proposal 3: For aperiodic SRS subframe indication, it is preferable to support the dynamic signalling without SRS subframe configuration by RRC. 
Figure 2 shows one UL subframe with PUSCH RB-interlaces spanning in whole system bandwidth to satisfy the ETSI regulation (e.g. occupied channel BW 80~100% of nominal system BW). As one way to allocate SRS in a frequency domain, the SRS occupies the PRBs allocating for PUSCH(PUCCH) transmission if the SRS is only transmitted with PUSCH(PUCCH) transmission. In this way, there may be no issue on the PUSCH rate matching due to different UE’s SRS transmission but, in flexibility perspective, this option is not good due to restrictions of SRS PRBs at least within PUSCH PRBs while PUSCH could allocate the SRS symbol if there is no SRS transmission as seen in Figure 2. The other way is not to make any linkage between SRS PRBs and PUSCH(PUCCH) PRBs in a subframe but, both can use same interlace structure. This option has more flexibility to transmit SRS with PUSCH and is efficiently able to use SRS resources (by cyclic shift/FDM).
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Figure 2. SRS frequency allocation based on interlace structure
For details on SRS, Figure 3 shows whether comb-like structure from legacy SRS design is still kept or not within a PRB for eLAA. Depending on deployment scenarios (e.g. the number of LAA UEs in a cell), it is further considered whether additional multiplexing capacity using comb-like structure in addition to cyclic shifts as in LTE is used or not.
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Figure 3. Non-comb or comb-like SRS allocation within a PRB
Proposal 4: It is proposed that SRS occupies the same interlaced structure as for PUSCH in same subframe. And further details can be considered e.g. comb-like structure or not and so on.

2.4. SRS and PUSCH multiplexing
In [1], it has been summarized that there have been basically several options to multiplex PUSCH and SRS in a subframe having CCA gap as shown in Figure 4. As discussed above, assuming there is no standalone SRS transmission (i.e. PUSCH(PUCCH) with SRS only), in our perspective, the option in Figure 4, which has a CCA gap in starting symbol and SRS in ending symbol is preferred, since it can fully reuse current SRS design allocated in last SC-FDMA symbol as in Rel-8 LTE as much as possible and the SRS symbol position at last SC-FDMA symbol will not be changed due to presence of the CCA gap. Moreover, if PUSCH subframe in a UL burst is followed by DL burst in next subframe, in order to efficiently use the physical resource in LAA SCell, the CCA gap for DL LBT can be set aside by using proper TA offset value [3]. 
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Figure 4. CCA gap in starting/ending symbol(s) and different SRS symbol positions [1]
Proposal 5: It is preferred that CCA gap and SRS are located in the starting symbol and the ending symbol in a subframe for simple SRS design, considering limited time schedule for Rel-14 eLAA. 
Considering the DL+UL burst within MCOT subjected by DL LBT, it should be also discussed whether PUSCH/SRS is transmitted in at least DL ending partial subframe or not. In resource efficiency perspective, it is desirable to allocate PUSCH(PUCCH)/SRS in that subframe if there is a DL+UL burst within MCOT subjected by DL LBT in Figure 5. Moreover, considering the potential possibility to skip UL LBT for UL transmission which is immediately following DL burst within MCOT [4], this PUSCH(PUCCH)/SRS allocation in a partial subframe will improve the eLAA system performance by efficiently using the physical resource in a LAA SCell. Also, if we consider new Rel-14 WI for Uplink Capacity Enhancements which are targeting to introduce PUSCH transmission in a special subframe having 6 DL symbols and 2 GL symbols in TDD as one objective, that feature if specified in future can be applied for this case without further specification works.
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Figure 5. PUSCH/SRS transmission in DL ending partial subframe
Proposal 6. It is proposed that PUSCH(PUCCH)/SRS in a DL ending partial subframe is transmitted after DL transmission within MCOT subjected by DL LBT.
3. Summary and conclusions

In this contribution, we suggested further design options and preferences for SRS in eLAA. The suggestions of this contribution are summarized as follows:
Proposal 1: Periodic SRS is not supported in eLAA.
Proposal 2: Standalone SRS transmission is not supported in eLAA.

Proposal 3: For aperiodic SRS subframe indication, it is preferable to support the dynamic signalling without SRS subframe configuration by RRC. 

Proposal 4: It is proposed that SRS occupies the same interlaced structure as for PUSCH in same subframe. And further details can be considered e.g. comb-like structure or not and so on.

Proposal 5: It is preferred that CCA gap and SRS are located in the starting symbol and the ending symbol in a subframe for simple SRS design, considering limited time schedule for Rel-14 eLAA. 

Proposal 6. It is proposed that PUSCH(PUCCH)/SRS in a DL ending partial subframe is transmitted after DL transmission within MCOT subjected by DL LBT.
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