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In RANP#70, enhanced LAA for LTE WI was approved [1] that included a task given to RAN1 to support UL specifications not including the standalone operation and dual-connectivity. In the previous RAN1 meeting, many aspects of SRS design are agreed. In this contribution we propose remaining issues and solutions.
· Rel.13 SI/WI phase
	Agreement:
· 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



· Previous RAN1 meeting [2][3]. 
	RAN1 #84
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

RAN1 #84b
Agreement:
· Working assumption: Periodic SRS without PUSCH is NOT supported in Rel-14 eLAA WI
· A-periodic SRS without PUSCH is supported at least in DL ending partial subframes in Rel-14 eLAA WI
· FFS the case of UL subframes 
· LBT for aperiodic SRS without PUSCH
· 25us one-shot LBT within eNB MCOT;
· Cat 4 LBT outside of eNB MCOT 
· FFS contention window size parameters, including possibility of non-adapting contention window size
· FFS no LBT if SRS is transmitted within 16us of the DL transmission within eNB MCOT
· FFS whether or not the eNB can indicate a LBT type
Agreement:
· Aperiodic SRS without PUSCH can be triggered by dynamic signaling at least via DL grants
· UE is configured by RRC one or more sets of SRS parameters
· The configuration details are FFS
· FFS other possible triggering mechanisms,  e.g.:
· Group DCI
· UE-specific DCI
· One or several of the above options may apply
Agreement:
· Only wideband SRS transmission in supported in eLAA
· Existing max # SRS RBs for a given system bandwidth is the baseline
· FFS whether or not to extend/shift to # of RBs > max # RBs in the legacy case
· Working assumption: SRS is based on legacy comb structure
· As a baseline, comb = 2 and 4
· FFS whether or not support different comb value(s)
Agreements
· SRS, if present in a UL subframe, is transmitted at the end of the subframe


SRS design
We show our consideration related to SRS comb structure, SRS position and the triggering of the aperiodic SRS without PUSCH.
SRS comb structure
As mentioned in the above working assumption, reusing the legacy comb structure is agreed as baseline. In general, maximum number of SRS multiplexing is limited by the number of configurable cyclic shift and comb at the same time. According to the number of cyclic shift and comb, the maximum number of multiplexing is 32 (8 * 4) in the current system which is outcome of Rel.13 EB/FD-MIMO discussion. Therefore, the current SRS multiplexing number is sufficient.
Proposal 1: Confirm the working assumption that legacy comb structure and values should be reused.

Position of the SRS symbols
In the previous meeting, we discussed whether to support the aperiodic SRS without PUSCH at the first available OFDM symbol or not. Motivation to support this method is to increase the number of opportunities for SRS transmissions. According to the current agreement, SRS transmission is limited in the case when there is PUSCH transmission or DL partial subframe. The transmissions of the SRS should not be limited by the limitation of the number of opportunities available to transmit in the unlicensed band. Therefore, SRS without PUSCH at the first OFDM symbol should be supported as well. In addition, if the aperiodic SRS without PUSCH is supported then the aperiodic SRS with PUSCH at first available OFDM symbol should be supported as well. This is supported to allow multiplexing of SRS with PUSCH and SRS without PUSCH. In order to support such a scheme the eNB has to transmit the indication of SRS position. 
Proposal 2: Aperiodic SRS without PUSCH and aperiodic SRS with PUSCH at the first available OFDM symbol should be supported.


Figure1 Aperiodic SRS without PUSCH at the first available OFDM symbol
Aperiodic SRS trigger without PUSCH
In the legacy SRS transmission, when UE receives the SRS trigger, UE transmits the SRS after at least 4ms. Similarly, in eLAA UE also should receive the SRS trigger at least 4ms before the end of the partial subframe. According to the above agreement, SRS trigger is transmitted with DL grant. However, UE(s) receiving only the DL grant with SRS trigger is not aware which subframe is end partial subframe since current DL grants does not include the end partial subframe information. Only when UE receives a DCI format 1C including next subframe length, the UE(s) becomes aware of the SRS transmission timing. In this situation, preparation time for SRS is only about 1 or 2ms after receiving a DCI format 1C (Figure 2) unless the UE beforehand prepares all the candidates of SRS sequence resulting in higher UE processing and a larger buffer. In order to have sufficient time for the UE to transmit the SRS, the DL grant should include the position of the end partial subframe or rest of transmission burst length with SRS trigger. On the other hand, the triggering of the aperiodic SRS without PUSCH at first OFDM symbol also should include at least subframe timing. In addition, the cyclic shift information and comb parameter should be indicated if eNB has an intention to dynamically change the SRS configuration. 
Proposal 3: DCI for aperiodic SRS trigger should include at least the SRS transmission timing.
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Additionally, if the UE follows the legacy higher layer signaling and unable to satisfy the higher layer setting in the end partial subframe then the UE cannot transmit the SRS in the end partial subframes regardless of receiving the SRS trigger. Therefore, if UE send the aperiodic SRS without PUSCH in the end partial subframe, the UE should only follow the SRS timing indicated by DCI.
Proposal 4: If UE send the aperiodic SRS without PUSCH in the end partial subframe, UE should only follow the SRS timing indicated by DCI.
 


Figure2 Receiving timing is difference between SRS trigger and end partial subframe info.
According to the above working assumption, aperiodic SRS is triggered at least by DL grant; however, DL scheduling information is an overhead if the eNB wants only send the trigger for the aperiodic SRS w/o PUSCH. Additionally, periodic SRS transmission currently is not supported in Rel.14 LAA. Therefore, aperiodic SRS transmission will be used to send both periodic and aperiodic SRS transmissions. As a consequence the legacy DCI may not have sufficient capacity to handle the increased number of SRS requests. Therefore, a new DCI format (e.g., include only SRS trigger information) should be considered. If further enhancement is needed, RAN1 should also consider the grouping of DCI or common DCI as other alternatives.
Proposal 5: New DCI should be defined, if reduction of DCI overhead is needed.

Conclusions
In this contribution, we provided our views on SRS design. We have following proposals.
Proposal 1: Confirm the working assumption that legacy comb structure and values should be reused.
Proposal 2: Aperiodic SRS without PUSCH and aperiodic SRS with PUSCH at the first available OFDM symbol should be supported.
Proposal 3: DCI for aperiodic SRS trigger should include at least the SRS transmission timing.
Proposal 4: If UE send the aperiodic SRS without PUSCH in the end partial subframe, UE should only follow the SRS timing indicated by DCI.
Proposal 5: New DCI should be defined, if reduction of DCI overhead is needed.
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