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At RAN#80 meeting, the following objectives were agreed for enhancement in LTE Rel-16 [1],
The work item aims to specify the enhancements identified for further improving network performance. The detailed objectives are as follows.
· Enhance SRS capacity and coverage [RAN1]
· Introduce more than one symbol for SRS for one UE or for multiple UEs on a UL normal subframe
· Baseline: the minimum SRS resource allocation granularity for a cell is one slot, when more than one symbol in a normal subframe is allocated for SRS for the cell
· Enhancements on PUCCH and PUSCH are not in scope
· Introduce virtual cell ID for SRS 
· Specify higher layer support of enhancements listed above [RAN2]
· Specify RF requirement of UE for the enhancements listed above [RAN4]

This contribution discusses the introduction of more than one symbol for SRS for one UE or for multiple UEs on a UL normal subframe. 
[bookmark: _Ref129681832]Discussion
With the introduction of more than one symbol for SRS in normal subframes, the downlink average throughput can be boosted via supporting more UEs to transmit SRS or configuring relatively short periodicity of SRS transmission for one UE. Moreover, the downlink cell edge performance can be improved as well, if UE is able to repeatedly transmit SRS on adjacent several UL symbols.
To complete the objective of introduction of more than one symbol for SRS in normal subframe, the following aspects need to be considered:
· Extension of Cell specific SRS configurations
· Extension of UE specific SRS configurations
· Transmission of UL-SCH data and UCI when more than one symbol is allocated to SRS in normal subframes.
Extension of Cell specific SRS configurations
According the WID, the baseline is to support one slot as the minimum SRS resource granularity for a cell. Then one issue is whether other granularity should be supported. Although it is more flexible to support smaller granularity than one slot, for example, configurable number of symbols, the benefits of such flexibility is not clear to us. If SRS resource allocation is slot based for a cell, the design of PUSCH/SPUCCH with slot duration can be reused for a subframe of which one slot is reserved for SRS transmission. If the granularity of SRS resource allocation is one symbol, at least for TDD system we have to enhance the PUCCH/PUSCH to support the transmission on variable number of symbols in a subframe, which is out of the scope of this WI. Hence, we propose to only support one slot as the granularity for SRS resource allocation at least for TDD cells.
Proposal 1: At least for TDD, only support one slot as the SRS resource allocation granularity. FFS for FDD. 

Extension of UE specific SRS configurations
Within the slot or subframe allocated for SRS, one UE can be allocated with more than one symbol for SRS transmission. To extend the UE specific SRS configuration, the following aspects should be taken into account. 
· SRS antenna switching
SRS antenna switching is an important feature to enable eNB to acquire full channel information when UE has less Tx chain(s) than Rx chain(s). From the implementation perspective, antenna switching needs some retuning time to turn off one RF chain and turn on another RF chain. In LTE, this time interval was not explicitly specified and left for UE implementation. It is because allocating adjacent UL symbols to one UE only happens for some special SRS configurations, e.g., two adjacent symbols in UpPTS are allocated to the same UE. By eNB configuration, the antenna switching between two adjacent symbols can be avoided. 
[bookmark: _GoBack]However, when more than one symbol of normal UL subframe is allocated for SRS transmission, the antenna switching time should be considered. The same issue has been discussed in NR Rel-15, and a corresponding LS Reply from RAN4 [2] indicated that antenna switching time is 15 usec. Therefore, NR specification defines the minimum guard period for antenna switching, i.e., 1 symbol for 15/30/60 KHz subcarrier spacing. We propose to introduce a minimum guard period as that in NR to guarantee the effectiveness of SRS antenna switching when adjacent several UL symbols are allocated for the same UE. 
Proposal 2: Introduce a 1-symbol minimum guard period for antenna switching when more than one UL symbol within a slot is allocated for the same UE.

· Aperiodic SRS
In LTE, UE can be dynamicly triggered to transmit SRS without antenna switching and frequency hopping, as there is only one SRS transmission is triggered. However, it also restricts the application of aperiodic SRS. For instance, when a UE is power limited, aperiodic SRS cannot work well since wideband SRS transmission would lead to insufficient power spectrum density. And with narrowband SRS transmission for higher PSD, triggering aperiodic SRS cannot acquire whole channel information even UE has the capability of antenna switching.
When UE can be configured with more than one UL symbol for SRS transmission in a subframe, the channel for whole subband channel and/or for all antennas can be sounded by one trigger. One example is shown in figure 1, where a frequency band containing 4 hopping subbands can be sounded by one trigger if the UE is allocated with 4 symbols in an uplink subframe. Similarly, the channel information for all antennas can be obtained by aperiodic SRS via antenna switching. 
[image: ]
Figure1: A sounding frequency band contains 4 hopping subbands. The entire frequency band can be sounded by one PDCCH if 4 symbols in one subframe are configured to the UE. 

Therefore, the SRS coverage and capacity can be improved by aperiodic SRS with frequency hopping and antenna switching, which then effectively increase downlink performance, when more than 1 symbol is allocated for SRS transmission. Hence we made following proposal:
Proposal 3:  Support aperiodic SRS transmission with frequency hopping and antenna switching when more than one symbol in an uplink subframe is configured as SRS resource.

· UL-SCH data and UCI transmission for TDD cell
When one subframe is reserved for SRS transmission for a cell, eNB should avoid to schedule PUSCH transmission on this cell specific SRS subframe. When one slot of a subframe is reserved for SRS transmission for a cell, the design of PUSCH with slot duration can be re-used to transmit UL-SCH data.
Proposal 4: If a slot of a subframe is configured for SRS transmission, the design of slot-PUSCH is reused to transmit UL-SCH data in the other slot.
UCI can be transmitted through PUCCH/sPUCCH or PUSCH. Although UCI on PUSCH is simpler, PUCCH/sPUCCH is still beneficial as PUCCH/sPUCCH needs less signaling overhead and has larger capacity by multiplexing multiple UEs in one PUCCH resource. Therefore, we propose to consider both solution in the standardization work.
Proposal 5: Consider UCI transmission through PUCCH and PUSCH for subframes of which more than one symbol is configured for SRS transmission.   

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
This contribution mainly discusses the introduction of more than one symbol for SRS for one UE or for multiple UEs on a UL normal subframe. We have the following proposals:
Proposal 1: At least for TDD, only support one slot as the SRS resource allocation granularity. FFS for FDD.
Proposal 2: Introduce a 1-symbol minimum guard period for antenna switching when more than one UL symbol within a slot is allocated for the same UE.
Proposal 3:  Support aperiodic SRS transmission with frequency hopping and antenna switching when more than one symbol in an uplink subframe is configured as SRS resource.
Proposal 4: If a slot of a subframe is configured for SRS transmission, the design of slot-PUSCH is reused to transmit UL-SCH data in the other slot.
Proposal 5: Consider UCI transmission through PUCCH and PUSCH for subframes of which more than one symbol is configured for SRS transmission.
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