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1. Introduction

Further agreements were reached in RAN1#96 as below:
Agreement

For the numbers of additional SRS symbols that can be configured to a UE: 1-13 

Agreement

For the time location of possible additional SRS symbols in one normal UL subframe for a cell:

· 1 to 13 symbols in one subframe can be used for SRS from cell perspective

· FFS: How/Whether to introduce specification support to handle collision of SRS and PUCCH/PUSCH transmission 

Agreement 

· Same power control configuration applies for all additional SRS symbols configured to a single UE

Agreement

· Transmission of aperiodic legacy SRS and aperiodic additional SRS symbol(s) in the same subframes for a UE is supported

There are still some open issues to be addressed, we discuss some of the issues in this contribution.
2. Discussion
2.1. 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.

2.2. 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. 

Observation1: 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.

2.3. Additional SRS symbols in normal subframess
It has been agreed that 1 to 13 symbols in one subframe can be used for additional SRS from cell perspective, and actual number of symbols occupied by additional SRS can be dynamically scheduled for a UE. From the system perspective, resource utilization will be lower if the resources are semi-statically reserved for additional SRS. 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. 
Proposal2: multiplexing of sTTI on same subframe and same PRBs with additional SRS on symbols where SRS is not transmitted is supported. 
Proposal3: dynamic time and frequency domain resource allocation for additional SRS is supported 
2.4. Intra-subframe frequency hopping and repetition
Following discussion occurred in RAN1#96 without conclusion.

· For support of repetition and frequency hopping, 
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  is the OFDM symbol number,  is the number of configured SRS symbols, and R is the repetition factor for the configured UE

· FFS: Value of R, 
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· Applies for aperiodic SRS

· Consider whether legacy SRS and additional SRS symbols have the same hopping pattern.

· Consider whether flexible configuration (e.g., comb/comb offset configuration) is supported for repetition of additional SRS symbols.

· LTE Rel-15 framework for frequency hopping and antenna switching can be reused for supporting frequency hopping and antenna switching for additional SRS symbols with appropriate changes. FFS on the appropriate changes.

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 
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 symbols and repetition factor R in a normal UL subframe. The supported values of R and 
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 can be {1, 2, 4, 8, 12} symbols, where R <= 
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. When the value of R is equal to 
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 intra-subframe frequency hopping is disabled, for the value of R is less than 
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 intra-subframe frequency hopping is enabled. For example, the value of R=4 and 
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=4 means the UE repeats SRS transmission on 4 symbols without frequency hopping; the value of R=1 and 
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=4 means the UE transmits SRS with intra-subframe frequency hopping with 4 hops spanning 4 symbols to scan the whole bandwidth. Frequency hopping mechanism or pattern for additional SRS symbols could be similar to legacy SRS hopping pattern however full hopping cycle is confined within a sub-frame. It was discussed whether flexible configuration is supported for repetition of additional SRS symbols, however in our view the motivation is not clear.
Proposal4: 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. 
Proposal5: intra-subframe frequency hopping of additional SRS symbols is confined within a sub-frame.
2.5. Additional SRS power control

The following additional SRS power control issues were discussed in previous RAN1 meeting, but no agreements were achieved,
· Independent power control of additional SRS symbols from legacy SRS symbols

· Reuse of SRS power control for carriers without PUCCH/PUSCH

· Consider SRS configurations to reduce the range of power variations in a subframe

For P0 and alpha values configuration, it seems there is no particular requirement to configure separately for additional SRS and legacy SRS. If different power control parameters are configured for them, it shall cause different interference level, and then it may lead to link adaptation problem. For close loop power control, only one close loop power control process is supported for legacy SRS in current specification. If different close loop power control processes are supported for them, a lot of specification work is required, such as how to differentiate different power control close loop processes, TPC commands and etc. Therefore, to minimize the impact to current specification, it is beneficial to maintain same power control parameter for additional SRS and legacy SRS.
However, to exploit and maximize the performance of additional SRS, independent power control of additional SRS and legacy SRS may be needed. In that case, not only P0 and alpha values, but also close loop power control process and TPC commands can be configured or indicated separately. Regardless whether SRS and PUCCH/PUSCH are concurrently transmitting on a same carrier or not, we prefer a unified power control framework for additional SRS.
Proposal6: If independent power control is not supported, common P0, alpha and close loop power control parameters for additional SRS symbols and legacy SRS symbols are supported. If independent power control is supported, separate P0, alpha and close loop power control parameters for additional SRS symbols and legacy SRS symbols are supported.
In addition, since different resource allocation, power control parameters may be configured for additional SRS and legacy SRS, power variations in a subframe will be definitely happen, which may lead to unexpected phase discontinuity and signal distortion. This issue is related to RAN4, e.g. transient time design, power changing restriction and etc.
Observation2: For additional SRS and legacy SRS concurrently transmitted with power variation within a subframe, it is better to send a LS to RAN4 to ask their views on feasibility.
3. Conclusion

In this contribution with discussed some of the remainng issues on additional SRS for LTE, we have following observations and proposals:
Observation1: 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.

Observation2: For additional SRS and legacy SRS concurrently transmitted with power variation within a subframe, it is better to send a LS to RAN4 to ask their views on feasibility.
Proposal1: periodic transmission of additional SRS symbol(s) is not supported.

Proposal2: multiplexing of sTTI on same subframe and same PRBs with additional SRS on symbols where SRS is not transmitted is supported. 
Proposal3: dynamic time and frequency domain resource allocation for additional SRS is supported 
Proposal4: 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. 

Proposal5: intra-subframe frequency hopping of additional SRS symbols is confined within a sub-frame.
Proposal6: If independent power control is not supported, common P0, alpha and close loop power control parameters for additional SRS symbols and legacy SRS symbols are supported. If independent power control is supported, separate P0, alpha and close loop power control parameters for additional SRS symbols and legacy SRS symbols are supported.
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