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This contribution is an update of R1-1812782.

In 3GPP RAN Plenary #80, the DL MIMO efficiency enhancements for LTE WI is approved [1]. RAN1 mainly focuses on the following areas:
	· 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
· [bookmark: OLE_LINK1]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 



The following agreement was achieved at RAN1#94[2]:
Agreement
The time location of possible additional SRS symbols in one normal UL subframe for a cell include the following 
· Option 1: All symbols in one slot can be used for SRS from cell perspective
· E.g., The other slot in the subframe may be used for PUSCH transmission for sTTI-capable UE.
· Option 2: All symbols in one subframe can be used for SRS from cell perspective
· Option 3: A subset of symbols in one slot can be used for SRS from cell perspective
· E.g., The other slot in the subframe may be used for PUSCH transmission for sTTI-capable UE.
· Other options are not precluded
· FFS whether it has spec impacts or not for cell-specific configuration
· Companies are encouraged to study and evaluate considering 
· Performance (eg, DL performance improvement, degradation on UL performance including legacy UL for legacy UEs)
· Specification impact
· UE complexity
· RF impact
· RAN1 will finalize on the performance metrics and evaluation methodology in RAN1#94bis
· System level parameters, evaluation methodology, and the need for system level evaluation can be discussed in the next RAN1 meeting
And the following agreements were achieved at RAN1#94bis[3]:
Agreement
· [bookmark: OLE_LINK14][bookmark: OLE_LINK15]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.
And the following agreements were achieved at RAN1#95[4]:
Agreement
Both intra-subframe frequency hopping and repetition are supported for aperiodic SRS in additional symbols 
· FFS whether above is supported for periodic SRS in additional SRS symbols

Agreement
Intra-subframe antenna switching is supported for aperiodic SRS in additional SRS symbols.
· FFS: Whether intra-subframe antenna switching and intra-subframe frequency hopping/repetition can be concurrently configured
· FFS: Whether the above is supported for periodic SRS in additional SRS symbols
Conclusion
The term additional SRS symbols are those further introduced in Rel-16, as indicated in the title of the AI “Additional SRS symbols”. The last symbol is not part of the additional SRS symbols.
Agreement
Both legacy SRS and additional SRS symbol(s) can be configured for the same UE.
· In case of legacy SRS is aperiodic, UE can transmit one of legacy SRS or additional SRS symbol(s) in the same subframe
· In case of legacy SRS is periodic, UE can transmit legacy SRS and additional SRS symbol(s) in the same or different subframes
· FFS: In case of legacy SRS is aperiodic, UE can transmit legacy SRS and additional SRS symbol(s) in the same subframes
· Including triggering mechanism

In this contribution, we provide our views of the additional symbols for SRS with more than one symbol in a normal subframe.
Discussion
The concept of SRS resource is introduced in NR, and one SRS resource can occupy 1, 2 or 4 symbols on the last 6 symbols of one slot. The PUSCH in NR can end at any symbols after symbol 3 in one subframe, so the SRS resource in NR can be configured flexibly without resource waste. However, the PUSCH in LTE can only end at the last two symbols in a subframe, the NR SRS configuration is not suitable for LTE because of potential resource waste and inter UE interference.
Two options were provided for down-selection in RAN1#94. With Option 1, only symbols in a slot of a subframe can be reserved for additional SRS. With Option 2, all symbols in a subframe can be reserved for SRS. Option 2 could reserve more resources for SRS, and this gives eNB more flexibility to configure SRS resources for more UEs if necessary. Since SRS resources have to be configured, no resource is wasted for either options for fewer UEs. We propose to adopt Option 2 for this potential additional SRS capacity and flexibility. 
Proposal 1: All symbols in one subframe can be used for SRS from cell perspective.
Aperiodic SRS transmission for additional SRS symbol(s) has been agreed to be supported. For the cell edge UE with limited power, frequency hopping is effective way for wideband channel sounding. If additional SRS symbols are not supported for periodic SRS, at least two subframes are required for one channel sounding by periodic SRS with frequency hopping. Two or four symbols are needed for channel sounding with additional periodic SRS symbols with frequency hopping. If a UE needs to use 4 symbols to sound the entire band in aperiodic SRS, it will suffer unnecessary delay in periodic SRS if periodic SRS cannot use additional symbols in a subframe. Therefore we support periodic SRS to use additional symbols in a subframe. 
Proposal 2:  Periodic SRS transmission for additional SRS symbol(s) should also be supported.
It had been agreed that both intra-subframe frequency hopping and repetition are supported for aperiodic SRS in additional symbols, the remaining issue is whether frequency hopping and repetition can also be apply to periodic SRS transmission for additional SRS symbol(s). As previously mentioned, frequency hopping is required for wideband channel sounding for cell edge UE, and it should be capable for periodic SRS transmission for additional SRS symbols to avoid potential sounding delay.
Proposal 3: Frequency hopping and repetition should be supported for periodic SRS transmission for additional SRS symbol(s).
SRS antenna switching is an important feature of LTE for DL channel state information acquisition based on channel reciprocity for TDD system. It has been agreed that antenna switching will also be supported for aperiodic SRS transmission in additional SRS symbols. One concern is whether intra-subframe antenna switching and intra-subframe frequency hopping/repetition can be concurrently configured. For the 1T4R capability UE, at least 4 symbold are required for channel sounding with antenna switching. If antenna switching and frequency hopping are concurrently configured for this UE, at least 8 symbols are required for wideband channel sounding with two frequency hops as that frequency hopping should be performed for each antenna. It is inefficient and is also a waste of resource. Based on this we have the following proposal: 
Proposal 4: Intra-subframe antenna and intra-subframe frequency hopping cannot be concurrently configured.
It has been clarified that the last symbol of a subframe is not part of the additional SRS symbols and it had been agreed that both legacy SRS and additional SRS symbol(s) can be configured for the same UE. One open issue is for aperiodic legacy SRS, whether UE can transmit legacy SRS and additional SRS symbol(s) in the same subframe. As illustrated in Figure 1(b), 3 additional SRS symbols and one legacy SRS symbol compose one aperiodic SRS transmission with frequency hopping for once channel sounding. Two different DCI format may be required for this case, because that aperiodic legacy SRS and aperiodic additional SRS should be independently triggered to avoid confusion. So our proposal is that the aperiodic legacy SRS can only be triggered in the subframes which are not used for SRS transmission for additional SRS symbols. As shown in Figure 1(a), the last symbol of the reserved subframe can be used for legacy periodic SRS transmission and the other symbols are reserved for additional SRS.
Proposal 5: Aperiodic legacy SRS transmission cannot be triggered in the subframes containing additional SRS symbol(s). 


[bookmark: _Ref863414]Figure 1 Concurrent transmission of legacy SRS and additional SRS

Conclusion
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Proposal 1: All symbols in one subframe can be used for SRS from cell perspective.
Proposal 2:  Periodic SRS transmission for additional SRS symbol(s) should also be supported.
Proposal 3: Frequency hopping and repetition should be supported for periodic SRS transmission for additional SRS symbol(s).
Proposal 4: Intra-subframe antenna and intra-subframe frequency hopping cannot be concurrently configured.
Proposal 5: Aperiodic legacy SRS transmission cannot be triggered in the subframes containing additional SRS symbol(s). 
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