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1. Introduction

Following agreements were reached in RAN1#94bis:
Agreement

Aperiodic SRS transmission for additional SRS symbol(s) is supported. FFS on periodic SRS transmission for additional SRS symbol(s).
Agreement
The time location of possible additional SRS symbols in one normal UL subframe for a cell is down-selected from following options (down-selection to be made in RAN1#95):
· Option 1: All symbols in only one slot of one subframe can be used for SRS from cell perspective
· Option 2: All symbols in one subframe can be used for SRS from cell perspective. 
· FFS whether cell-specific configuration of SRS resources in slot-level granularity is required or not
Agreement
For a UE configured with additional SRS symbols within one UL subframe, the SRS transmission is down-selected from following options
· Option 1: Frequency hopping within one UL subframe is supported.
· Option 2: Repetition within one UL subframe is supported
· Option 3: Both frequency hopping and repetition within one UL subframe is supported.
· FFS the maximum number of SRS symbol within one subframe/slot that can be allocated to a UE.
In this contribution, we further discuss on the options listed above and some of the potential issues to consider.
2. Discussion
The UE behavior should be clarified when both legacy SRS and additional SRS are configured on the same subframe. In our view, legacy SRS and additional SRS are independently configured to a UE, and it should be possible for a UE to transmit both legacy and additional SRS with a subframe. Frequency hopping and antenna switching functionalities are independently configured and carried out independently. 

Observation1: a UE can be configured with legacy and additional SRS within a subframe, the UE can transmit both legacy and additional SRS within a subframe if configured.

2.1. SRS resource configuration and signaling
SRS resource is defined in Rel-15 NR, where one SRS resource can span 1, 2 or 4 symbols, the number of symbols one SRS resource can be mapped is RRC configured. As sTTI resources (in terms of number of symbols) are dynamically scheduled, it is also beneficial to dynamically schedule number of symbols to an UE for SRS transmission, which would allow efficient multiplexing of sTTI and SRS.  Introducing SRS resource allows flexible implementation of frequency hopping and antenna switching for SRS transmission in NR. Similar concept can be considered for enhanced SRS in LTE. 

Observation2: SRS resource definition is useful for additional SRS in LTE, dynamic allocation of number of symbols to a UE for SRS transmission could be beneficial for efficient multiplexing with sTTI data.

2.2. Time domain behavior

It was agreed in RAN1#94bis that aperiodic SRS is supported for additional SRS and FFS on periodic transmission. Below we analyze periodic and aperiodic transmission of additional SRS symbols keeping in mind the WID objective: Enhancements on PUCCH and PUSCH are not in scope. 
Periodic:

Periodic SRS resource and related parameter are semi-statically configured by RRC. When one or more symbols in normal subframe are semi-statically configured for periodic SRS transmission, PUSCH scheduling will be restricted on those subframes on those PRBs which will impact legacy UE performance. sTTI scheduling may be possible depending on SRS occupied symbols in the subframe. The main purpose of periodic SRS is to obtain coarse channel information, which is keep-it-alive type of signal, legacy SRS can easily fulfill the purpose. In this sense, periodic transmission for additional SRS doesn’t seem to be essential.

Aperiodic:

Aperiodic SRS transmission is very flexible, UE transmits aperiodic SRS only after eNB triggers. From cell perspective, all symbols in a normal subframe can be configured for additional SRS transmission, however eNB can trigger one or more UEs to occupy only part of the symbols for SRS transmission. The remaining symbols can either be used for SRS transmission from other UEs or scheduling sTTI data. When no UEs are triggered for SRS transmission in the PRBs within the subframe, normal PUSCH can be dynamically scheduled. This improves multiplexing efficiency and lowers impact on legacy UE scheduling.
Proposal1: periodic transmission of additional SRS symbol(s) is not supported.

2.3. Additional SRS symbols in normal subframess
Option 1: All symbols in only one slot of one subframe can be used for SRS from cell perspective
In this option, SRS symbols are mapped on slot 1 of the subframe and slot 0 is used for sTTI PUSCH transmission, an UE is able to transmit sTTI and SRS on same subframe or only one of them. sTTI from one UE and SRS from another UE can be multiplexed in different slots of the subframe. In this scenario, transmission bandwidth of sTTI and SRS should be carefully considered in order not to waste valuable resources. This option will have scheduling restriction on sTTI as only slot 0 can be used if slot 1 in the subframe is semi-statically configured for SRS transmission. In this case scheduling of normal PUSCH is not possible in the PRBs in the sub-frame where enhanced SRS resources are semi-statically configured.
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Figure 1, SRS mapping region in a slot
Option 2: All symbols in one subframe can be used for SRS from cell perspective.
From the system perspective, this option is simpler however PUSCH including sTTI cannot be scheduled in the PRBs in the subframe if the resources are semi-statically reserved. When legacy SRS is configured on last symbol of the subframe there are 13 symbols available for additional SRS transmission, when there is no legacy SRS configured all 14 symbols can be used. One or multiple symbols in the subframe can be allocated for one UE to transmit additional SRS depending on different needs, for example, in the case of coverage limited scenario multiple symbols SRS can enhance coverage whereas multiple UEs with one symbol SRS multiplexed in a subframe can increase capacity. The measure to minimize resource wastage should also be considered, for example allowing sTTI or normal PUSCH scheduling on symbols configured for additional SRS transmission but not actually used. This option also allows flexible support of SRS antenna switching and frequency hopping within a subframe. Since all symbols in the subframe are used for SRS transmission there is less or no impact on PUSCH and PUCCH. 
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Figure 2, SRS mapping region in a subframe
Proposal2: from cell perspective, all symbols in a normal UL subframe can be configured for additional SRS, multiplexing of sTTI on same subframe and same PRBs with additional SRS on symbols where SRS is not transmitted is supported. 
2.4. Frequency hopping within a subframe

Intra-slot and inter-slot frequency hopping is supported in NR Rel-15, an SRS resource spanning N symbols can be configured with repetition factor R (where R<N). Similar mechanism can be used for additional SRS intra-subframe frequency hopping with an SRS spanning N symbols and repetition factor R in a normal UL subframe. Frequency hopping using legacy SRS and additional SRS symbol(s) within a sub-frame was also discussed in RAN1#94bis, however in our view it would be cleaner design not to mix legacy SRS and additional SRS for frequency hopping. With additional SRS symbols, similar to NR, it is possible to aperiodically trigger an UE with frequency hopping within a subframe, then it would be very complicated if not impossible to design frequency hopping mechanism with both additional SRS symbols and legacy SRS together. 
Proposal3: intra-subframe frequency hopping and repetition transmission for additional SRS is supported, frequency hopping using both additional SRS and legacy SRS together is not supported.
2.5. Antenna swithing

Similar as in NR Rel-15, antenna switching transmission of additional SRS can be efficiently supported with configuration of multiple SRS resources with single or multiple ports each depending on antenna switching capability. And, with 13 or 14 symbols potentially available for additional SRS transmission within a normal UL sub-frame, a full cycle of antenna switching within a sub-frame could be possible.

Observation3: it is possible for a UE to transmit additional SRS with antenna switching within a sub-frame.

2.6. SRS power control

Simultaneous SRS and other uplink channels transmission is not supported so far in LTE. If only TDMed tranmission between additional SRS and other uplink channels are supported in future release, it would restrict uplink transmission and a series of complicated priority rules should be additionally predefined. To support flexibile transmission, simultanous SRS and other uplink channels transmission should be considered, and power control mechanisams also need to be enhanced. 

Observation4: simultaneous SRS and other uplink channels transmission can be considered, and SRS power control mechanisms need to be enhanced.
3. Conclusion

In this contribution with discussed some of the issues on additional SRS for LTE in comparison with SRS in NR, we have following observations and proposals:
Observation1: a UE can be configured with legacy and additional SRS within a subframe, the UE can transmit both legacy and additional SRS within a subframe if configured.

Observation2: SRS resource definition is useful for additional SRS in LTE, dynamic allocation of number of symbols to a UE for SRS transmission could be beneficial for efficient multiplexing with sTTI data.

Observation3: it is possible for a UE to transmit additional SRS with antenna switching within a sub-frame.

Observation4: simultaneous SRS and other uplink channels transmission can be considered, and SRS power control mechanisms need to be enhanced.
Proposal1: periodic transmission of additional SRS symbol(s) is not supported.

Proposal2: from cell perspective, all symbols in a normal UL subframe can be configured for additional SRS, multiplexing of sTTI on same subframe and same PRBs with additional SRS on symbols where SRS is not transmitted is supported. 
Proposal3: intra-subframe frequency hopping and repitition transmission for additional SRS is supported, frequency hopping using both additional SRS and legacy SRS together is not supported.
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