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1. Introduction
At RAN1 #84bis [1], the following agreements were reached:

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)

In this paper, we provide our views on SRS for LAA.
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Periodic SRS and aperiodic SRS can be used to probe the channel from a UE to an eNB, the obtained information can be used in multiple ways: one use is to enable uplink frequency selective scheduling and link adaptation, another use is to enable SDMA in uplink through identifying compatible UEs to be paired in their uplink transmissions. By exploiting channel reciprocity, in a TDD system, the obtained information can be also used in downlink scheduling.

3.  SRS in DL ending partial subframes
Supporting a-periodic SRS without PUSCH in DL ending partial subframes is agreed in RAN1 #84bis. The SRS transmission can reuse the legacy design, i.e. the SRS transmission in UpPTS. In Rel-13, there could be up to 6 symbols for SRS transmissions in UpPTS. Since LAA scenario is mostly small cell deployment with low mobility UEs, SRS transmission with PUSCH and SRS transmission in UpPTS would be enough. Thus, a-periodic SRS without PUSCH in regular UL subframes is not necessary.

Proposal 1: A-periodic SRS without PUSCH should not be supported in regular UL subframes.

To support a-periodic SRS without PUSCH in DL ending partial subframes in LAA, it would be a problem that SRS transmission will be blocked by the previous SRS transmission from other UEs. For example, consider the case in Figure 1. UE1 is triggered by the eNodeB to transmit SRS in symbol #12, and UE2 is triggered to transmit in symbol #13. Due to LBT mechanism, UE2 will sense the channel and find that other devices are occupying the channel in symbol #12, which prevents UE2 from transmitting SRS in symbol #13. A possible solution to this problem is letting all the scheduled UEs in UpPTS to perform LBT and transmit at the same time, and one of the SRS interlaces and cyclic shifts is reserved for the UEs which do not have SRS transmission scheduled in the symbol. UEs which do not have SRS transmission scheduled in the current symbol but is scheduled in later symbols should transmit the reserved SRS. As the case shown in Figure 1, both UE1 and UE2 should start transmitting in symbol #12. UE2 will transmit the reserved SRS in symbol #12. After that, UE2 continues transmitting in symbol #13, and now the SRS transmission in symbol #13 will follow the RRC parameters dedicated to UE2.




Figure 1. SRS transmission in DL ending partial subframes

Proposal 2: All the scheduled UEs in UpPTS should perform LBT and transmit at the same time, and one of the SRS interlaces and cyclic shifts should be reserved for the UEs which do not have SRS transmission scheduled.

4. A-periodic SRS triggering
Group DCI

Legacy method to trigger a-periodic SRS in UpPTS in LAA is not proper, because the DCI to trigger SRS always binds with PUSCH grant or PDSCH scheduling. Moreover, the legacy method will make UE transmit in the same SC-FDMA symbol configured by RRC in UpPTS. It is not flexible in LAA, since the number of symbols in UpPTS would be variable with the number of symbols in DL ending partial subframe. The UEs configured to transmit in the first SC-FDMA symbols in UpPTS will have fewer chances to transmit SRS than other UEs.
In Rel-13, there could be up to 6 symbols in UpPTS, and 4 comb number and 12 cyclic shifts could be selected. If we want to trigger different groups of UEs in SC-FDMA symbols in a flexible way, UE-specific DCI is not an efficient method.

To trigger groups of UEs, we propose to configure each UE with a group ID by RRC signaling, and use DCI to signal the group to transmit SRS in the corresponding SC-FDMA symbol. A new cell specific RNTI should be introduced for group DCI.

We discuss the group triggering mechanism into two parts:

RRC parameters for group triggering

RRC parameters for each UE should contain transmission comb {0...3} and cyclic shift {cs0 …cs11} as in legacy design. The parameters for frequency domain position and bandwidth are unnecessary, since UE should only transmit wideband SRS. The parameters for transmission timing are also unnecessary, because UE cannot always win the contention in the specific subframe. The transmission timing rule should be redefined. In addition to the legacy parameters, for group triggering, a group ID should be signaled to UE by RRC parameters.
Thus, RRC parameters should contain the following information:
· Transmission comb {0...3}
· Cyclic shift {cs0 …cs11}
· Group ID

It can be further discussed if a UE should be configured with single group ID or multiple group IDs. If a UE can be configured with multiple group IDs, it would be more flexible to trigger different UEs to transmit SRS. Moreover, if a UE can be configured with multiple group IDs, it can be considered to configure UE with different transmission combs and cyclic shifts in different group.

DCI format and triggering mechanism

Since the number of symbols in UpPTS may be variable with the number of symbols in DL ending partial subframes, DCI should contain information of the number of symbols in UpPTS. Moreover, to trigger group SRS transmissions in SC-FDMA symbols in UpPTS, DCI should contain information of the group ID corresponding to each SC-FDMA symbols in UpPTS. We propose two possible methods to signal these two information in DCI:
1. Up to 6 SC-FDMA symbols in UpPTS for SRS could be supported in Rel-13. We could just indicate 6 group IDs in the DCI for SRS transmission. One group ID is reserved for the case that the SC-FDMA symbol could not be used. For example, assume there are 2 SC-FDMA symbols in UpPTS, and eNodeB want to indicate group ID 5 and 7 to transmit in the corresponding SC-FDMA symbols. Here, we assume that group ID 0 is reserved for the case that the SC-FDMA symbol could not be used. Then, the group DCI should contain the sequence of 6 numbers{0,0,0,0,5,7} corresponding to 6 SC-FDMA symbols. The first four 0 indicate the first four SC-FDMA symbols cannot be used for SRS transmission, and the following two number 5, 7 indicate which group of UEs to transmit SRS. 
Note that in this method, the maximum number of groups should be constrained by the number of bits in DCI. If there are 30 bits in DCI format, then 30/6=5 bits could be used for group IDs. 32 group IDs could be used and one of them is reserved for the case that the SC-FDMA symbol could not be used. The maximum number of groups and number of bits in DCI are FFS.
2. DCI Indicates the number of SC-FDMA symbols in the UpPTS and an offset value. The group to transmit SRS in symbol i is {(group ID + offset value) % number of groups = i}. For example, assume there are total 32 groups, 2 SC-FDMA symbols in UpPTS (i = 0,1), and offset value is set to 7. Then UEs with group ID = 25 should transmit in symbol 0 {(25+7)%32=0} in UpPTS, and UEs with group ID = 26 should transmit in symbol 1 in UpPTS. Note that in this method, the total number of group should also be signaled by the RRC parameters.

Proposal 3: We propose to configure UE with group IDs by RRC parameters, and use DCI to signal the group to transmit SRS in the corresponding SC-FDMA symbol. Two methods for group DCI triggering could be considered:
1. Indicate 6 group IDs in the DCI for SRS transmission. One group ID is reserved for the case that the SC-FDMA symbol could not be used.
2. DCI indicates the number of SC-FDMA symbols in the UpPTS and an offset value. The group to transmit SRS in symbol i in UpPTS is the group satisfying {(group ID + offset value) % number of groups = i}. 

As mentioned above, the transmission timing rule should be redefined. The transmission timing rule could be that if group DCI transmits in subframe n, the triggered UE should transmit in the UpPTS after the DL partial subframe in subframe n+k, k>=4.

UE-specific DCI

As stated above, legacy UE-specific DCI is not proper to trigger SRS transmission in UpPTS. However, for SRS transmission with PUSCH, the legacy design for a-periodic SRS triggering could be reused, i.e. an indicator in DCI can be used to trigger a single SRS transmission according to a set of parameters that is configured beforehand by RRC signaling.
The only problem to reuse legacy design is the SRS transmission time.

In legacy LTE,

“A UE configured for type 1 triggered SRS transmission on serving cell c upon detection of a positive SRS request in subframe n of serving cell c shall commence SRS transmission in the first subframe satisfying [image: ] and 
[image: ] for TDD serving cell c with [image: ] and for FDD serving cell c, 
[image: ] for TDD serving cell c with [image: ]” .

In LAA, it would be a problem if the triggered UE follows the SRS transmission timing rule in legacy LTE. For a-periodic SRS with PUSCH, the triggered UE may wait too long to transmit SRS because the UE may not have granted PUSCH on the configured subframe. Thus, we propose that eNodeB only triggers a-periodic SRS with PUSCH with DCI format 0/4, which is used to schedule resource on the PUSCH, and the SRS transmission time should bind with the granted PUSCH. In this way, UE could always transmit a-periodic SRS along with PUSCH.

Proposal 4: eNodeB only triggers a-periodic SRS with PUSCH with DCI format 0/4, which is used to schedule resource on the PUSCH, and the SRS transmission time should bind with the granted PUSCH.
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In this contribution, we provide our views on SRS design in LAA. We have 

Proposal 1: A-periodic SRS without PUSCH should not be supported in regular UL subframes.

Proposal 2: All the scheduled UEs in UpPTS should perform LBT and transmit at the same time. One of the SRS interlaces and cyclic shifts should be reserved for the UEs which do not have SRS transmission scheduled.

Proposal 3: We propose to configure UE with group IDs by RRC parameters, and use DCI to signal the group to transmit SRS in the corresponding SC-FDMA symbol. Two methods for group DCI triggering could be considered:
1. Indicate 6 group IDs in the DCI for SRS transmission. One group ID is reserved for the case that the SC-FDMA symbol could not be used.
2. DCI indicates the number of SC-FDMA symbols in the UpPTS and an offset value. The group to transmit SRS in symbol i in UpPTS is the group satisfying {(group ID + offset value) % number of groups = i}. 

Proposal 4: eNodeB only triggers a-periodic SRS with PUSCH with DCI format 0/4, which is used to schedule resource on the PUSCH, and the SRS transmission time should bind with the granted PUSCH.
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