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[bookmark: _Ref301342314]Introduction
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 addition, Supporting SRS and aperiodic SRS transmission with PUSCH was also approved by the previous RAN1 [2]. In this contribution, we show our view of SRS design.
· 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]. 
	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


SRS design
Firstly, SRS includes many parameters to be configured, e.g. bandwidth, frequency hopping, number of multiplexing, periodic/aperiodic and so on. We show our views one by one below. 
Bandwidth


According to the ETSI regulation [4], Occupied Channel Bandwidth shall be between 80 % and 100 % of the declared Nominal Channel Bandwidth. Therefore, SRS transmission bandwidth also satisfies such the requirement by each UE. In current specification [5], there are some SRS bandwidth configurations. However, only full bandwidth configuration satisfies the over 80% channel occupied rate. For example, SRS parameters of  and could be configurable. In such a configuration, since full band is used for SRS, frequency hopping is not necessary.
Observation 1. If eLAA supports only full band SRS transmission, frequency hopping is not needed.
In unlicensed band, opportunity to transmit the SRS is limited due to LBT procedure. Therefore, all SRS transmissions would be concentrated on the clear channel opportunities at particular times. Additionally, in the full band SRS scenario, it is difficult to multiplex many SRS from lots of UEs, because maximum number of SRS multiplexing is limited by the number of configurable cyclic shift and comb at the same time. The maximum number of multiplexing is 32 (8 * 4) in the current system. In the LAA simulation assumption, only 20 users are location in same LAA Cell and active user would be fewer. Therefore, current SRS multiplexing number is enough for SRS simultaneously multiplexing.
Proposal 1: RAN1 should consider whether any SRS enhancement for multiplexing is really needed.

Periodic/Aperiodic SRS w/o PUSCH
As mentioned in above agreements, aperiodic SRS transmission w/ PUSCH is supported in eLAA. On the other hand, periodic/aperiodic SRS w/o PUSCH was discussed in the Email discussion [3]. In the unlicensed band, opportunity for SRS transmission is limited subject to LBT procedure. Therefore, more opportunities for SRS transmission should be allowed in addition to SRS w/ PUSCH. However, there is no need to transmit SRS when eNB/UE doesn’t have data traffic. If there is no data to transmit immediately, SRS transmission would be a waste of resource. This signal might interfere to other devices transmissions. We assume periodic SRS is not matched to the operation in the unlicensed band.
With regard to the LBT procedure w/o PUSCH, SRS w/o PUSCH is similar to DRS transmission in that it is based on a very short signal from channel environments measurement.  Therefore, as with DRS LBT, single occasion LBT method should also be applied for SRS. 
Proposal 2: RAN1 should support at least aperiodic SRS w/o PUSCH.
Proposal 3: RAN1 should support single occasion LBT for SRS w/o PUSCH.

Position of SRS symbols
According to the Email discussion [3], the position of SRS w/o PUSCH has the following 3 options.
· Option4-1: on the 1st valid symbol of the UL subframe
· Option4-2: on the last valid symbol of the UL subframe
· Option4-3: in an ending partial subframe after the DL transmission
If the aperiodic SRS w/o PUSCH is allowed to transmit, position of SRS transmission should be aligned between SRS w/ PUSCH and SRS w/o PUSCH. Therefore, we consider the both sides of environment. 
· Option4-1: on the 1st valid symbol of the UL subframe
If the aperiodic transmission is configured at the start of transmission burst as shown in figure1, there will be no problem with multiplexing the SRS w/ PUSCH and SRS w/o PUSCH transmission. When aperiodic transmission is configured during the transmission burst, it also has no problems since the blank OFDM symbols allow UE which transmits aperiodic SRS w/o PUSCH to pass the LBT procedure. Therefore, option 4-1can be easily supported for SRS multiplexing between w/ PUSCH and w/o PUSCH.


Figure1 Option4-1: on the 1st valid symbol of the UL subframe

· Option4-2: on the last valid symbol of the UL subframe
If Option4-2 is applied, PUSCH transmission might block the transmission of SRS w/o PUSCH shown in the Figure2. To avoid this problem, one more blank OFDM symbols for LBT of SRS w/o PUSCH would be needed. However, the additional blanking will result in lower channel efficiency. 


Figure2 Option4-2: on the last valid symbol of the UL subframe

· Option4-3: in an ending partial subframe after the DL transmission
If the SRS is mapped in an ending partial subframe after the DL transmission, the last subframe has to finish earlier in order to create blanks for UL LBT and SRS transmission. Additionally, considering DL transmission efficiency, blank symbols should be as small as possible (e.g., end partial subframe use the 12 OFDM symbols). Therefore, the SRS position should be located at the last symbol, the same as for legacy specification. This option can also be easily supported for SRS multiplexing between w/ PUSCH and w/o PUSCH. However, this option can only be applied when there is UL transmission after the DL transmission burst.


Figure3 Option4-3: in an ending partial subframe after the DL transmission
As mentioned above, Option 4-1 and Option 4-3 can get be easily supported for SRS multiplexing between w/ PUSCH and w/o PUSCH easily. However, Option 4-3 is only suitable for DL/UL conservation transmission. We assume option 4-1 is more flexible under all situations.
Proposal 4: Applying option4-1 is preferable to allow for more flexibility under all situations.

Signaling to trigger the SRS
There are two types of signals that may be used to trigger SRS. One is the RRC message and the other is DCI. If we reuse the current RRC message format of SoundingRS-UL-ConfigDedicated [6], the eNB can configure the single SRS transmission by dedicated signaling. However, the resource needed for the RRC message is too large to be used as the trigger information, even if some of additional information is included with the trigger. Therefore, DCI is preferable to be used as the trigger information for UEs. 
Proposal 5: DCI information should be considered for signaling the trigger for SRS.
[bookmark: _GoBack]If we reuse the current specification, then aperiodic SRS is triggered by UE-specific DCI including DL/UL scheduling information; however, DL/UL scheduling information is an overhead since eNB would like to only trigger aperiodic SRS w/o PUSCH. Additionally, as mentioned above, SRS periodic transmission is not preferable in the unlicensed band. Therefore, aperiodic SRS transmission should only be applicable for SRS transmissions. In this case, the triggering of aperiodic SRS transmission would be concentrated compared to legacy eNB which is able to offload the trigger via periodic SRS configure. Therefore, if there is not enough resource for legacy DCI to trigger the aperiodic SRS, 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 6: 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: RAN1 should consider whether any SRS enhancement for multiplexing is really needed.
Proposal 2: RAN1 should support at least aperiodic SRS w/o PUSCH.
Proposal 3: RAN1 should support single occasion LBT for SRS w/o PUSCH.
Proposal 4: Applying option4-1 is preferable to allow for more flexibility under all situations.
Proposal 5: DCI information should be considered for signaling the trigger for SRS.
Proposal 6: New DCI should be defined, if reduction of DCI overhead is needed.
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