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1
Introduction
The Work Item “Enhanced Licensed-Assisted Access to Unlicensed Spectrum” (approved in [1]) targets at enhancing LAA by introducing support for UL operation on unlicensed carriers. One part of the approved WID tasks RAN1 to specify support for SRS on LTE Frame Structure 3. 
In this contribution we consider various LAA specific aspects that affect SRS operation on unlicensed carriers and present our preferences on the basic issues of LAA SRS design.

2
SRS use on LAA SCell 
Unlicensed band operation involves various regulatory rules which aim at fair and equal spectrum usage for different devices. In order to ensure smooth operation under Listen-Before-Talk requirements, all signal(s) must be easily detectable by the neighbouring nodes. The key regulatory rules impacting LAA UL include:

· Limitations related to occupied channel bandwidth. 

· According to ETSI regulation, the Occupied Channel Bandwidth, defined to be the bandwidth containing 99% of the power of the signal, shall be between 80% and 100% of the declared Nominal Channel Bandwidth.
· Limitations related to maximum power spectral density (PSD)

· For most cases the requirement is stated with a resolution bandwidth of 1 MHz. For example, the ETSI 301 893 specs requires 10 dBm/MHz for 5150-5350 MHz. Similar limitations are involved also in USA (governed by FCC). Peak UE’s PSD for 5.15 – 5.725 MHz is 11 dBm/MHz in USA.

Consequently, LAA PUSCH allocations can only be wideband allocations based on block-IFDMA, IFDMA, or a single continuous allocation, as discussed in our companion contribution [2]. Correspondingly, frequency selective scheduling is not feasible for LAA PUSCH and wideband channel state information is sufficient for LAA PUSCH link adaptation. SRS could also be used to assist frequency selective scheduling on DL LAA based on channel reciprocity, of course depending on the LAA eNB antenna implementation. However, wideband SRS is sufficient also for this case.. Hence we see that it is enough to support only wideband SRS in LAA SCell, fulfilling also the regulatory limitations regarding the occupied channel bandwidth.
Proposal 1: Only wideband SRS is supported in LAA SCell.

SRS transmission without simultaneously scheduled PUSCH is a necessary mechanism, allowing for the network to maintain information about the channel conditions for UEs currently inactive in UL direction. When considering UEs with a simultaneous PUSCH allocation, it can be noted that DMRS transmission is also wideband, due to wideband PUSCH allocations, and provides wideband CSI similarly as SRS (or even with better quality as UE transmits 2 DMRS symbols in a subframe). Hence, we do not see a clear need for a separate SRS transmissions when a UE is simultaneously scheduled with TM1 PUSCH. However, in the case of UL MIMO capable UEs, separate SRS is needed for TM2 PUSCH as precoded DMRS cannot be used for the precoder and rank selection. Hence we see that SRS needs to be supported both with and without simultaneous PUSCH allocation.

Proposal 2: SRS transmission is supported both with and without immediately preceding or following PUSCH allocation. 

Wideband SRS transmission requires more resources than narrowband SRS. On the other hand, in LAA there is less need for frequent channel sounding with SRS, as DMRS can be used for the wideband channel sounding for active UEs, CSI does not need to be very accurate for inactive UEs, and LAA SCells can be expected to be typically configured for UEs with low velocity.

Further, channel coherence bandwidth can be expected to be relatively wide in LAA SCells, which are expected to be deployed as small cells. This can be utilized to increase SRS multiplexing capacity by tighter cyclic shift spacing and/or sparser channel sampling in frequency. Additionally link adaptation for wideband PUSCH allocation does not benefit from accurate frequency domain CSI, hence allowing for even sparser channel sampling in frequency.
Observation 1: There is no clear need for frequent channel sounding or dense channel sampling in frequency with SRS in LAA SCells.
3
On SRS design
Current LTE SRS supports wideband SRS configuration that meets the regulatory requirements on the occupied channel bandwidth for both 20 MHz and 10 MHz. LTE SRS uses both cyclic shifts as well as IFDMA for multiplexing. The multiplexing capacity was increased in Rel-13 by increasing the maximum number of frequency combs as well as the maximum number of cyclic shifts. The multiplexing capacity may be increased even a bit further for environments with wide channel coherence bandwidth, as faced with LAA. LTE SRS is clearly a design option for LAA SRS.
Alternatively, also block-interleaved SRS can be considered for LAA SRS. Obviously block-interleaved SRS does not have uniform sampling of channel in frequency. However, as block-interleaved SRS would be used for sounding channels with wide coherence bandwidth, and the CSI obtained would be used mainly for link adaptation of wide bandwidth PUSCH allocations, the accuracy of the CSI can be seen as sufficient. In case B-IFDMA is adopted for LAA PUSCH, one can see also benefit from having the same design applied for both SRS and DMRS. 
Both FDMA and cyclic shifts can be for multiplexing with block-interleaved SRS. With B-IFDMA, cyclic shift separation needs to be done within each B-IFDMA cluster. In the case of 10 interlaces, as proposed in [2], cluster size is one PRB, which in turn means that 12 cyclic shifts can be used per interlace. This means that up to 120 block-interleaved SRSs can be multiplexed on a single SRS symbol, hence, exceeding the feasible multiplexing capacity of interleaved SRS. We see block-interleaved SRS as an attractive design option for LAA SRS.
We see that both interleaved and block-interleaved LAA SRS options should be studied further, taking into account the progress on LAA PUSCH design.
Observation 2: Both interleaved and block-interleaved SRS are feasible design options for LAA SRS. Both options should be studied further. 

As said, we see that SRS transmission also without immediately preceding or following PUSCH allocation needs to be supported. This means that there must be an LBT gap right before SRS symbol. One can see two main options: 
· SRS is transmitted after a DL burst at the beginning of following UL transmission burst.  In other words, SRS could be transmitted on LAA UpPTS.

· SRS is transmitted in a normal UL subframe together with PUSCH. 

The latter option involves the question on how the LBT gaps are arranged for both SRS and PUSCH in a subframe. The main options are to have either separate LBT gaps for SRS and PUSCH (as illustrated in Figure 1) or a shared LBT gap for SRS and PUSCH (one such example illustrated in Figure 2). 
In the case SRS and PUSCH share the same LBT gap, the next question is what a UE should transmit during the SRS symbol when the UE has a PUSCH allocation but no SRS allocation, as continuous transmission should start immediately after a successful LBT procedure. One can identify two options:

· UE transmits a reservation signal that is orthogonally multiplexed with SRS and is shared among all UEs with PUSCH allocation but without SRS allocation.
· UE transmits an SRS signal. SRS resource allocation mechanism is for further studies; e.g. it may be by aperiodic SRS triggering.
Using reservation signal as in the first option may occupy less resources but the transmission would not be used for anything useful at eNB. On the other hand, transmission of SRS would improve CSI obtained based on PUSCH DMRS. Additionally, it would not require a large portion of SRS resources, as the number of UEs scheduled with PUSCH is quite limited. As a rough estimate, as low as 10% of SRS resources may be sufficient to accommodate UEs with PUSCH allocation, depending of course both on LAA SRS design as well as on LAA PUSCH design.
Returning to the question on whether SRS and PUSCH would share the same LBT gap or not, one can note the designs lead to different LBT related overhead. One LBT gap per SRS subframe is sufficient for the shared LBT gap approach, whereas in the separate LBT gap approach, an additional SC-FDMA symbol needs to be reserved for the second LBT gap. As the increase in the SRS usage in the shared LBT gap approach is relatively small, the separate LBT gap approach leads to higher LBT related overhead.  
Further, an SRS specific LBT gap means that the LAA SCell may lose channel access to another system both during the SRS LBT gap as well as the PUSCH LBT gap before a scheduled PUSCH subframe whereas with shared LBT gap, there are less chances (less LBT gaps) of losing channel access. 

Based on the discussion, we prefer that SRS and PUSCH share the same LBT gap, and UEs with PUSCH allocation transmit also SRS during the SRS symbol.

Proposal 3: SRS transmission and the PUSCH transmission immediately following SRS share the same LBT gap.
Proposal 4: UE with following PUSCH allocation transmits SRS signal during the SRS symbol. 
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Figure 1. SRS and PUSCH with separate LBT gaps
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Figure 2. SRS and PUSCH with shared LBT gap

There are multiple options for SRS symbol position within a subframe as well as within an UL burst of multiple subframes:
· SRS symbol may be located in the UpPTS at the beginning of an UL burst, as already supported in LTE TDD. We see that a single SRS opportunity per UL burst provides sufficient SRS capacity for LAA SCell, as there is no clear need for frequent channel sounding with SRS in LAA SCell, and a single SRS symbol can support high number of wideband SRSs. Further, placing SRS on UpPTS simplifies also PUSCH design, as then SRS does not increase the number of PUSCH length options that needs to be supported. 
· SRS symbol may be located on the last symbol of a subframe as in the LTE. In this case, PUSCH needs to be shortened by at least two symbols from the end in an SRS subframe. As discussed in our companion contributions [3],[4], the presence/absence of LBT gap for a given subframe may be signaled dynamically to the UE and depend e.g. on the eNB scheduling decisions whether a new UE (i.e. UE not transmitting on preceding PUSCH) is scheduled to transmit or not. When the SRS and the LBT gap shared between SRS and PUSCH occur at the end of a subframe, the scheduling decisions for the coming subframe need to be known already when the eNB creates DL control signaling for the preceding subframe. Of course, whether this aspect is relevant or not depends on the design of PUSCH LBT mechanism.
· SRS symbol as well as the shared LBT gap may be moved also to the beginning of a subframe. Contrary to the previous option, the scheduling decisions as well as related DL control signaling can be done independently for each subframe.
At this phase of Rel-14 eLAA WI, we see all these as feasible options for SRS symbol position, and options can be narrowed down once basic agreements on PUSCH LBT mechanism and waveform have been reached.
Observation 3: Depending on the PUSCH/SRS LBT gap position, the SRS could be located at the end of a subframe, at the beginning of a subframe or at the UpPTS at the beginning of an UL burst. 
Another issue to consider is the SRS triggering mechanisms supported on LAA SCell. Channel access mechanism as well as flexible and dynamical adjustment of DL and UL subframes can bring a lot of uncertainty on whether a configured SRS subframe is actually available for SRS transmission or not: the channel may simply be occupied by another node or eNB may prefer to use an RRC configured SRS subframe for DL direction.
Aperiodic SRS triggering is a suitable mechanism for such dynamic operation. LTE aperiodic SRS triggering can also be improved even further to achieve more efficient operation on LAA SCells. For example, timing of a triggered SRS could be made more flexible and not limited only to the configured SRS subframes. Also mechanism for triggering aperiodic SRS for a group of UEs could be considered to enhance the use of aperiodic SRS for UEs that are momentarily inactive both on DL and UL.  

On the other hand, eNB is in control of whether configured SRS subframes are switched to DL subframes or not. Further, reasonable LAA SCell operation assumes, e.g. for DRS, that channel can be accessed with reasonably high probability. Hence, periodic SRS triggering may operate reasonably well also on LAA SCells. As the support of periodic SRS triggering may not require any additional specification changes, the support of periodic SRS triggering can also be considered.     
Proposal 5: At least aperiodic SRS triggering is supported in LAA.
Observation 4: Support for periodic SRS triggering can also be considered.
Observation 5: Triggering enhancements for aperiodic SRS triggering can be considered.
4
Conclusion
In this contribution we have discussed various LAA specific aspects that affect SRS operation on unlicensed carriers and presented our preferences on the basic issues of LAA SRS design for LAA in Rel-14 eLAA WI. The following observations and proposal are made.
Proposal 1: Only wideband SRS is supported in LAA SCell.

Proposal 2: SRS transmission is supported both with and without immediately preceding or following PUSCH allocation. 
Proposal 3: SRS transmission and the PUSCH transmission immediately following SRS share the same LBT gap.
Proposal 4: UE with following PUSCH allocation transmits SRS signal during the SRS symbol. 
Proposal 5: At least aperiodic SRS triggering is supported in LAA.

Observation 1: There is no clear need for frequent channel sounding or dense channel sampling in frequency with SRS in LAA SCells.
Observation 2: Both interleaved and block-interleaved SRS are feasible design options for LAA SRS. Both options should be studied further. 

Observation 3: Depending on the PUSCH/SRS LBT gap position, the SRS could be located at the end of a subframe, at the beginning of a subframe or at the UpPTS at the beginning of an UL burst. 
Observation 4: Support for periodic SRS triggering can also be considered.
Observation 5: Triggering enhancements for aperiodic SRS triggering can be considered.
References
[1] 
RP-152272, “New Work Item on enhanced LAA for LTE”, Ericsson, Huawei, RAN#70
[2] 
R1-160775, “UL waveform for LAA PUSCH”, Nokia Networks, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
[3] 
R1-160788, “On LAA PUSCH scheduling and UL grant enhancements”, Nokia Networks, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
[4] 
R1-160914, “Channel Access for the Support of LAA UL”, Nokia Networks, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

_1516187738.vsd
PUSCH


SRS


PUSCH


0


1


2


3


4


5


6


7


8


9


10


11


12


13


0


1


2


3


4


5


6


7


8


9


10


11


12


13


LBT


SRS subframe


Non-SRS subframe


LBT


LBT


GP


DwPTS


0


1


2


3


4


5


6


7


8


9


10


11


12


special subframe


13


�


_1516187741.vsd
PUSCH


SRS


PUSCH


0


1


2


3


4


5


6


7


8


9


10


11


12


13


0


1


2


3


4


5


6


7


8


9


10


11


12


13


LBT


Non-SRS subframe


SRS subframe


LBT


LBT


GP


DwPTS


0


1


2


3


4


5


6


7


8


9


10


11


12


special subframe


13



