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Introduction
In RAN1#96bis, the following agreements were reached in the LTE MIMO session:
Agreement
For aperiodic SRS transmission, any combination of the following features can be simultaneously configured
· Intra-subframe antenna switching 
· At least antenna switching across all antenna ports is supported
· FFS: Antenna switching across a subset of antenna ports
· Intra-subframe frequency hopping
· Intra-subframe repetition
FFS: Whether above applies at the additional SRS symbols only or for legacy SRS symbols as well 

Agreement



[bookmark: MTBlankEqn]At least for the support of SRS repetition , where  is the OFDM symbol number,  is the number of configured SRS symbols, and R is the repetition factor for the configured UE.

Agreement 
The configurable number of additional SRS repetitions can be
· [bookmark: _Hlk5780008]{1, 2, 3, 4, 6, 7, 8, 9, 12, 13}
Above applies per antenna port and per subband

Agreement
A codepoint in the same DCI triggers SRS transmission for one of the following:
· Only aperiodic legacy SRS symbols
· Only aperiodic additional SRS symbols
· Both aperiodic legacy and aperiodic additional SRS symbols within the same subframe
The association of the codepoint and one of the above is configured by RRC signalling. A separate codepoint will be supported for the case of no SRS triggering.

Agreement
The size of the SRS request field for triggering Rel-16 SRS is the same as that of relevant Rel-15 DCI formats.

Agreement
Only Rel-15 DCI formats that support SRS triggering can be used to trigger Rel-16 SRS transmission.


For further study until RAN1#97
Power control on additional SRS symbols and legacy symbols

Agreement
For additional SRS symbols, per-symbol group hopping and sequence hopping are supported. 
· In a given time, only one of per-symbol group hopping or sequence hopping can be used by a UE
· FFS: Details such as sequence design

Agreement
In order to address at least possible power change due to frequency hopping or antenna switching for additional SRS symbols, select one of the following options:
· Option 1: A guard period of one symbol is introduced in RAN1 specifications.
· Option 2: No guard period is introduced in RAN1 specifications
· It is up to RAN4 to introduce a transient period between additional SRS symbols in RAN4 specifications.
Send an LS to RAN4 to ask their view on transient period for frequency hopping or antenna switching (including the time duration needed for this transient period). 


In this contribution, we present our view on the remaining open issues.
Guard period for antenna switching
In RAN1#96bis, the necessity of introducing a specified guard period of one OFDM symbol to address power transients due to antenna switching was discussed and it was concluded to send an LS to RAN4 regarding the necessity of such a specified guard period. However, even if RAN4 concludes that no guard period is required, it can still be beneficial to have the flexibility from a network perspective to configure antenna-switched SRS transmission of additional SRS symbols to a UE in non-adjacent OFDM symbols as is illustrated in Figure 1. That is, a higher layer configurable symbol offset (i.e. “guard period”) of for instance 0,1 or 2 symbols can be introduced between SRS:es transmitted from the same UE. Whether the UE requires to be configured with a certain symbol offset when performing antenna switching and/or frequency hopping can be determined by RAN4.

[image: ]
[bookmark: _Ref7787819]Figure 1: Multiplexing of UEs with non-adjacent SRS symbol allocations
[bookmark: _Toc7791659][bookmark: _Toc7791858][bookmark: _Toc7814271]Introduce a network configurable SRS symbol offset to facilitate arbitrary guard period for antenna switching

Discussion on periodic additional SRS 
One of the remaining issues is if periodic additional SRS should be supported in LTE Rel-16 in addition to aperiodic additional SRS.  For periodic multi-symbol SRS transmissions, the extent of UL throughput loss for legacy UEs depends on the periodicity of multi-symbol SRS transmissions.  
A longer periodicity for multi-symbol SRS transmissions means that the UL channel is sounded less frequently, and the possibility of the estimated channel being outdated which may impact performance of Rel-16 UEs supporting multi-symbol SRS enhancement.  
A longer periodicity for multi-symbol SRS transmission would then translate to lower impact on UL throughput of legacy UEs.  On the other hand, a shorter periodicity for multi-symbol SRS transmissions would lead to more accurate channel estimation for Rel-16 UEs at the expense of higher impact on the UL throughput of legacy UEs.  
Hence, if periodic multi-symbol SRS enhancement is to be specified in Rel-16, the trade-off between channel sounding accuracy from multi-symbol SRS transmissions of Rel-16 UEs and UL throughput impact on legacy UEs needs to be been evaluated.  
However, given that the benefits of the periodic is very uncertain and no strong arguments have been expressed that it is needed we don’t see the need for this feature. Note that this issue has been known and discussed for a several meetings, and there is no consensus among companies to support periodic additional SRS, we propose to not support periodic additional SRS in LTE Rel.16.
[bookmark: _Toc7791660][bookmark: _Toc7791859][bookmark: _Toc7814272]Periodic additional SRS is not supported in LTE Rel-16

Power control for additional and legacy SRS symbols
The legacy SRS power control mechanism in LTE is defined by the expression:

 [dBm]
That is, the open-loop power control parameters  and  as well as the closed-loop PC state follows that of PUSCH. Since additional SRS symbols are introduced with the purpose of sounding the UL channel for DL CSI acquisition purpose utilizing reciprocity, it is not obvious that the power control for additional SRS symbols should follow that of PUSCH. Instead, independent open-loop and closed-loop power control parameters can be configured for the additional SRS symbols.
[bookmark: _Toc7791661][bookmark: _Toc7791860][bookmark: _Toc7814273]Power control for additional SRS symbols is based on independently configured open and closed loop PC parameters
One issue with independent PC for legacy and additional SRS symbols is the case where both additional SRS symbols and legacy SRS is present in a subframe. If SRS in two adjacent symbols are transmitted using widely different powers, there could potentially be power ramping issues. For this case, it is preferred that the same power level is used for all SRS symbols of the subframe. 
[bookmark: _Toc7791662][bookmark: _Toc7791861][bookmark: _Toc7814274]If both legacy SRS and additional SRS symbols are present in a subframe, the power control for all SRS symbols follows that of legacy SRS
Conclusion
In this paper, we provide our views on some remaining issues of Rel-16 LTE SRS enhancements.  We make the following observations and proposals:

Proposal 1	Introduce a network configurable SRS symbol offset to facilitate arbitrary guard period for antenna switching
[bookmark: _GoBack]Proposal 2	Periodic additional SRS is not supported in LTE Rel-16
Proposal 3	Power control for additional SRS symbols is based on independently configured open and closed loop PC parameters
Proposal 4	If both legacy SRS and additional SRS symbols are present in a subframe, the power control for all SRS symbols follows that of legacy SRS
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