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1. Introduction
In RAN1 meeting #81, agreements are made to capture the following contents about SRS enhancement in CR[1]:
Potential SRS enhancement schemes for capacity and channel estimation accuracy are considered:
· Transmitting SRS on unused PUSCH DMRS resources

· Transmitting SRS on PUSCH resources 

· Increasing number of combs

· 4Tx SRS switching transmission

· Precoded SRS

· Increase the number of UpPTs SC-FDMA symbols for SRS 

In this contribution, SRS enhancements for EBF/FD-MIMO in Rel-13 based on this conclusion are discussed, considering both periodic and aperiodic SRS transmission.
2. Periodic SRS enhancements
For periodic SRS capacity enhancement, among the potential SRS enhancement schemes, increasing number of combs and increasing the number of UpPTs SC-FDMA symbols for SRS can increase SRS capacity with small spec change.
2.1 Increasing number of Comb
Extending the RPF from 2 to 4 or even larger provides a doubled SRS capacity in the same bandwidth. As shown in [2], for wider bandwidth SRS transmission like more than 16RB, RPF 4 has almost the same MSE performance with RPF 2 and can greatly improve system performance due to lower probability of inter-cell SRS collision. And with the same number of cyclic shifts (CS) as before, the increased number of combs implies double SRS capacity. Considering multiplexing with legacy UEs, by assigning proper transmission comb to legacy and new UEs, one legacy UE and two R13 UEs can be multiplexed by different combs. The impacts on standardization may be simply involve an additional RPF=4 choice, and also to determine the sounding band from which RPF= 4 can be used, because likely comb = 4 will be used with large bandwidth to ensure proper SRS sequence length.  
Proposal 1: Larger number of combs (e.g., 4) can be introduced to increase SRS capacity and accuracy. The bandwidth from which RPF=4 can be applied should be decided, e.g., above 24 or 48 or 96 PRBs.
2.2 Increasing OFDM symbols for UpPTS
SRS is usually transmitted using UpPTs which consists of 2 SC-FDMA symbols in our current TD-LTE network with uplink-downlink configuration 1&2. So increasing the number of UpPTs SC-FDMA symbols for SRS，such as from 2 to 4 OFDM symbols, is a possible way  to increase the capacity of periodic SRS capacity. For example, to support SRS transmission of 4 UpPTs symbols, a new configuration of 8:2:4 for normal CP can be introduced in special subframes.
Proposal 2: Increasing the number of UpPTs SC-FDMA symbols for SRS is efficient way to enhance SRS capacity, e.g., specicial subframe configuration 10(8:2:4).
If longer UpPTS is introduced, coexistence with legacy UEs needs to be studied. If the R13 UEs with new special subframe (SS) configuration such as 8:2:4 exist in the network, legacy UEs shall not be configured with special subframe configuration 2/3/4/7/8, since the eNB will transmit 10 and more symbols for legacy UEs and receive 4 uplink sounding symbols from the new UEs, no switching time available, except for puncturing the last DwPTs symbol(s) for legacy UE, which will lead to performance loss of legacy UEs. On the other hand, SS config.0 (3:10:1) and config.5 (3:9:2) will not cause such switching problems, but the number of downlink symbols reduction from 10(10:2:2, common special subframe configuration for TDD-LTE deployment) to 3 means significant downlink performance loss for legacy UEs. Take TDD UL/DL config. 1 (DSUUD) as example, this results 7/(14+10+14)=20% peak rate loss. So SS configuration 1(9:4:1) and 6 (9:3:2) may be an acceptable configuration for legacy UEs, as shown in Fig.1. If legacy UE supports SS config. 9 (6:6:2), it is possible to configure 6:6:2 to legacy UE. Based on the above analysis, introducing longer UpPTS would cause some impact to legacy UE, but proper eNB implementation can handle such issues without additional spec change.
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Fig. 1 coexistence of legacy UE and R13 UE with 4 UpPTs symbols. 
2.3 Time domain OCC of SRS transmission
As to channel estimation accuracy, OCC can be introduced to SRS transmission in UpPTs. In current transmission, UE1 and UE2 only occupy one UpPTs symbol to transmit SRS, and for power limited UEs, channel estimation of SRS in one symbol is not so reliable, in order to obtain a accurate channel state information for such kind of UEs, they can transmit again in the following symbols. However, the capacity will be decreased as they take twice SRS resources. Introducing of OCC across the two symbols can solve the problem of capacity reduction, and at the same time provides an enhance channel estimation performance, as SRS transmission on consecutive symbols, i.e., 3dB power gain. As show in Fig.2. Power limited UE1 and UE2 are multiplexed by OCC across the two UpPTs symbols of special subframes. The transmission bandwidth of them can be partial or fully overlapped.
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Fig. 2. UEs multiplexing with OCC
Proposal 3: Time domain OCC can be introduced to improve SRS channel estimation accuracy in UpPTs.
3. Aperiodic SRS enhancements
By using unused DMRS resource for sounding purpose, SRS capacity can also be increased. That is to use a different CS or orthogonal OCC from overlapped PUSCH DMRS.
To trigger the DMRS with sounding purpose, DCI formats intended for uplink scheduling can be reused but without actual scheduling information. UEs recognize the SRS trigger DCI formats by checking whether they have sent SR, no matter carried on PUCCH or PRACH and whether the SR has been responded successfully. If there was no SR but eNB schedules UL transmission, UE interpret the DCI as SRS trigger. 
When used as sounding, it’s preferred to reuse the DMRS parameters as much as possible. For example the same cyclic shift field to CS and OCC mapping rules, corresponding to table 5.5.2.1.1-1, 3GPP TS 36.211,. To support multiple antennas transmitting SRS simultaneously, 2 Tx SRS transmission may use two layers UL DMRS configuration, which is to reuse current UL DMRS design table 5.2.1-1 of TS 36.211.
Proposal 4: DCI formats without actual scheduling information intended for uplink scheduling can be reused to trigger DMRS for sounding purpose. 
Proposal 5: Current UL DMRS design should be reused as much as possible, e.g., 2Tx SRS transmission may occupy the UL 2 layers DMRS tranmission.
To further improve capacity of SRS transmitting on DMRS resources, RPF = 2 may be introduced similar to current SRS designs. In order to keep orthogonal between SRS and DMRS used for demodulation of PUSCH, OCC is necessary.
4. Conclusion
This contribution provides discussion of enhancements considering both periodic and aperiodic SRS. Following proposals are made.
Proposal 1: Larger number of combs (e.g., 4) can be introduced to increase SRS capacity and accuracy. The bandwidth from which RPF=4 can be applied should be decided, e.g., .above 24 or 48 or 96 PRBs.
Proposal 2: Increasing the number of UpPTs SC-FDMA symbols for SRS is efficient way to enhance SRS capacity. If introduced, special subframe configuration 1 and 6 can be used for legacy UE. 
Proposal 3: Time domain OCC can be introduced to improve SRS channel estimation accuracy in UpPTs..
Proposal 4: DCI formats without actual scheduling information intended for uplink scheduling can be reused to trigger DMRS for sounding purpose. 
Proposal 5: Current UL DMRS design should be reused as much as possible, e.g., 2Tx SRS transmission may occupy the UL 2 layer DMRS transmission.
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