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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, the discussion on additional SRS symbols for LTE [2-16] are summarized. Some suggested proposals are also provided. 
[bookmark: _Ref129681832]WID objectives
At RAN#80 meeting, the following objectives were agreed for enhancement in LTE Rel-16 [1], with the objective for additional SRS symbols highlighted.
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]

Summary
Cell specific SRS resource allocation
For cell specific SRS resource allocation, the views of companies are summarized as following table
	Sourcing
	Related proposals/comments

	Huawei, HiSilicon
	Proposal 1: At least for TDD, only support one slot as the SRS resource allocation granularity. FFS for FDD.

	ZTE
	Proposal 1: Support up to two SRS symbols in a normal UL subframe for a cell where each is located in the last symbol of each slot.

	Vivo
	Proposal: Enhanced SRS can be configured on either 14 symbols or first 13 symbols of a normal UL sub-frame.

	CATT
	Observation: 
· Definition of SRS resource as in NR is a flexible design for newSRS in LTE.

	Mitsubishi Electric
	Observation 1: The maximum number of SRS symbols in a subframe can be four.
Proposal 1: Support placement of SRS more than 2 symbols for a subframe and short TTI
Proposal 2: In a subframe, consider placement of SRS symbol (s) at the end of the subframe and short TTI.
[bookmark: _GoBack]Proposal 3: Support slot-level granularity for SRS insertion.

	LGE
	Proposal 2: Symbol-level granularity of Rel-16 cell-specific SRS subframe should be determined as either 1-slot or 1-subframe.
Proposal 6: Study further impacts on UL throughput degradation due to introducing Rel-16 cell-specific SRS, e.g., 1 slot granularity, and consider enhancements on efficient UL resource allocation.

	Lenovo, Motorola Mobility
	Proposal 1: To use DMRS for UL channel sounding may need FFS due to insufficient bandwidth, different channel estimation quality, and new DCI design.
Proposal 2: SRS transmitted on PUSCH resource should be carefully studied to handle the strong interference between SRS and the PUSCH.
Proposal 3: The baseline scheme that change the minimum SRS resource allocation granularity for a cell to be one slot should at least be supported for SRS capacity enhancement.

	Intel
	Proposal 1: Consider dedicated normal UL sub-frames with no scheduled PUSCH, as candidates for supporting one or more Rel-16 SRS resources with more than one symbol. 
Proposal 3: Consider dedicated subslots of UL sub-frames, as candidates for supporting Rel-16 SRS resource with more than one symbol.

	Samsung
	SRS resource allocation granularity: Per the WID, baseline of the minimum SRS resource allocation granularity for a cell is one slot. However, further refinement/clarification on the meaning of resource allocation granularity seems beneficial for future discussions. For instance, the minimum SRS resource allocation granularity may imply the minimum periodicity/offset of SRS resource(s). On the other hand, the minimum SRS resource allocation granularity may include that two different SRS resources can be allocated in slot 0 and slot 1, respectively. Clearer baseline with detailed motivation is preferred for ease of understanding and discussions.

	QC
	Proposal 1: Consider the potential use cases of more than one SRS symbol in a UL normal subframe with backward compatible with legacy SRS.
· Coverage extension by SRS repetitions
· Faster sounding over larger wideband
· Faster sounding of SRS antenna switching
· Flexible SRS configuration for resource sharing with other UL channels

	Ericsson
	[bookmark: _Toc521701731][bookmark: _Toc521701732]Proposal 3: Subframe based multi-symbol SRS should be prioritized over slot based multi-symbol SRS in Rel-16.

	Softbank
	[bookmark: Prop1]Proposal: Include the following scenario for RAN1 work on additional SRS symbols:
· FDD-TDD CA, where PCell is FDD and SCell is TDD, 
· [bookmark: P3]Asymmetric CA, i.e. # of DL CCs > # of UL CCs with SRS carrier switching
· Note: Other scenarios are not precluded

	Nokia, NSB
	Proposal 1: For normal UL subframes and carriers that are also used for PUSCH and PUCCH transmissions one more SRS symbol location can be introduced.
Proposal 2: For normal UL subframes and carriers that are also used for PUSCH and PUCCH transmissions the location of the new SRS symbol is the last symbol of the first slot.
Proposal 3: For normal subframes and carriers that are not used for PUSCH/PUCCH transmission, using last symbol of the slot for SRS transmission should be the baseline.



For the scenario of this WI, one contribution from operator’s point of view was proposed, it is import to firstly clarify the scenario of additional SRS for future work:
Proposal 1: Include the following scenario for RAN1 work on additional SRS symbols:
· FDD-TDD CA, where PCell is FDD and SCell is TDD, 
· Asymmetric CA, i.e. # of DL CCs > # of UL CCs with SRS carrier switching
· Note: Other scenarios are not precluded

Based on the inputs, companies have diverse views on the SRS resource allocations for a cell. As the WID has guidance on the SRS resource allocation by the baseline of one slot as the the minimum SRS resource allocation granularity for a cell, the understanding should be firstly clarified. Therefore, we made following proposal:
Proposal 2: Clarify the guidance of WID on SRS resource allocation for a cell.
· 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
Proposal 3: The additional SRS symbols for a cell are down-selected between:
· Option 1: symbols in one slot
· Option 2: symbols in one subframe
· Option 3: the last symbol of each slot
· Option 4: symbols in one subslot
· Option 5: DMRS symbols
· Note: Companies are encouraged to provide evaluations for down-selection

UE specific SRS configuration and transmission
Periodic and aperiodic
The views of companies are listed in following table
	Sourcing
	Related proposals/comments

	Huawei, HiSilicon
	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.

	ZTE
	Proposal 2: Support only one SRS symbol for one UE in a normal UL subframe, and only support aperioidc SRS in the last symbol of the first slot of the UL normal subframe.

	Vivo
	Aperiodic newSRS is more useful than periodic and semi-persistent.

	Ericsson
	Proposal 1	At least aperiodic multi-symbol SRS enhancements should be specified in Rel-16.
Proposal 2	The trade-off between channel sounding accuracy from multi-symbol SRS transmissions of Rel-16 UEs and UL throughput impact on legacy UEs should first be carefully evaluated before specifying periodic multi-symbol SRS enhancements in Rel-16.



Based on the inputs, all inputting companies (5 companies) agree to support aperiodic SRS for additional SRS. Two companies considers that aperiodic SRS is of higher priority than periodic SRS. One company proposed to only support aperiodic SRS. Based on the inputs, the following is made:
Proposal 4: Aperiodic SRS triggering for additional SRS is supported. FFS on periodic SRS triggering for additional SRS.

Frequency hopping and repetition for additional SRS
The views of companies are summarized in following table
	Sourcing
	Related proposals/comments

	Huawei, HiSilicon
	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.

	Vivo
	Observation3: intra-sub-frame frequency hopping for transmission of enhanced SRS can be considered.

	CATT
	Observation: 
· NR SRS intra, inter-subframe frequency hopping can be considered.


	QC
	Proposal 1: Consider the potential use cases of more than one SRS symbol in a UL normal subframe with backward compatible with legacy SRS.
· Coverage extension by SRS repetitions
· Faster sounding over larger wideband
· Faster sounding of SRS antenna switching
· Flexible SRS configuration for resource sharing with other UL channels


	Ericsson
	[bookmark: _Toc521701733]Performance of multi-symbol SRS patterns including frequency-hopping and repetition-based patterns should be evaluated in reciprocity-based operation with DL throughput as metric.



Five companies propose to consider frequency hopping, and one company proposed to evaluate between frequency hopping and repetition based patterns. Based on majority view, the following is proposed:
Proposal 5: Consider to support frequency hopping within a subframe, FFS on repetition based pattern.

Antenna switching for additional SRS
The views of companies are summarized in following table
	Sourcing
	Related proposals/comments

	Huawei, HiSilicon
	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.

	Vivo
	Observation4: it is possible for a UE to transmit enhanced SRS with antenna switching within a sub-frame.

	CATT
	· Antenna switching mechanism in NR can be considered for antenna switching for newSRS in LTE.  

	QC
	Proposal 1: Consider the potential use cases of more than one SRS symbol in a UL normal subframe with backward compatible with legacy SRS.
· Coverage extension by SRS repetitions
· Faster sounding over larger wideband
· Faster sounding of SRS antenna switching
· Flexible SRS configuration for resource sharing with other UL channels

	Ericsson
	[bookmark: _Toc521701734]Consider 2-port and 4-port SRS antenna switching within a normal UL subframe.



Six companies proposed to consider the antenna switching, therefore, the following is proposed:
Proposal 6: Consider to support antenna switching within a subframe. 

Configuration
The views of companies are summarized as following table
	Sourcing
	Related proposals/comments

	Vivo
	In our view, legacy SRS and enhanced SRS are independently configured to a UE, and it should be possible for a UE to transmit both legacy and enhanced SRS with a sub-frame.
Observation1: a UE can be configured with legacy and enhanced SRS within a sub-frame, the UE can transmit both legacy and enhanced SRS within a sub-frame if configured.

	CATT
	For newSRS, transmission bandwidth parameters can be considered to be UE specific and multiple of 4 PRBs with tree structure, similar to NR.
Observation: 
· NR SRS transmission bandwidth configurations can be starting point for newSRS transmission bandwidth configurations. 
Observation: 
NewSRS and legacySRS can be separately configured to a UE, it is possible for the UE to transmit both newSRS and legacySRS in same subframe.

	Mitsubishi Electric
	Observation 1: The maximum number of SRS symbols in a subframe can be four.

	LGE
	Observation 1: Rel-13 additional SRS region can be configurable without any symbol-level overlaps to legacy SRS region, where a UE can be selectively configured to potentially transmit SRS on either additional or legacy SRS region.
Proposal 1: Introduce separate RRC signalling for Rel-16 cell-specific SRS subframe configuration.
Proposal 3: Potential impacts of Rel-16 cell-specific SRS when overlapped with legacy SRS in the last symbol should be carefully investigated, especially taking into account inter-cell interference.
Proposal 5: Rel-16 UE-specific SRS can be configured to be time-domain multiplexed with legacy SRS region for better resource utilization flexibility.

	Intel
	Proposal 2: Last symbol of the dedicated normal UL sub-frames supporting Rel-16 SRS resource, with more than one symbol, can be used for Rel-15 SRS transmission.



The three input companies agree that the additional SRS and legacy SRS are separately configured, therefore, the following proposal is made for discussion:
Proposal 7: The additional SRS and legacy SRS are separately configured to a UE.
In addition, two companies agree that UE can transmit both additional SRS and legacy SRS if configured, therefore, the following proposal is made for discussion:
Proposal 8: UE can transmit both additional SRS and legacy SRS if the UE is configured with SRS transmission in both additional SRS resource and legacy SRS resource.

UCI and UL-SCH transmission
The views of companies are summarized in following table
	Sourcing
	Related proposals/comments

	Huawei, HiSilicon
	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.

	LGE
	Proposal 4: PUSCH rate matching behaviour is extended considering both legacy and Rel-16 cell-specific SRS regions together on a given scheduled UL subframe.


	Lenovo, Motorola Mobility
	Proposal 2: SRS transmitted on PUSCH resource should be carefully studied to handle the strong interference between SRS and the PUSCH.

	Intel
	Proposal 1: Consider dedicated normal UL sub-frames with no scheduled PUSCH, as candidates for supporting one or more Rel-16 SRS resources with more than one symbol.

	QC
	When more than one SRS is being transmitted by a UE in a subframe, we need to consider whether and how to allow other UL channels to be transmitted in the same subframe with more than one SRS symbol. 
· Shortened PUSCH rate matching around SRS symbols
· Shortened PUSCH carrying UCI 
· Shortened PUCCH
· Short PRACH


For PUSCH transmission, four companies proposed to re-use the short PUSCH or extended PUSCH rate matching. Two companies proposed to consider the interference between PUSCH and SRS. 1 company proposed to use dedicated normal UL subframes without scheduled PUSCH. Due to diverse views on this issue, the following is proposed:
Proposal 9: For UL-SCH transmission in UL subframes with additional SRS configured, consider following options:
· Re-use the design of shortened PUSCH
· Rate matching of PUSCH is extended to cover additional SRS
· Avoid collision between PUSCH and additional SRS by scheduling/configuration
For UCI transmission, three companies proposed to consider UCI on PUSCH or PUCCH with shortened format, therefore, the following is proposed:
Proposal 10: For UCI transmission, consider UCI transmission through PUCCH and PUSCH with shortened format for subframes of which more than one symbol is configured for SRS transmission.

Other issues
Some other issues were also discussed as listed in following table:
	Sourcing
	Related proposals/comments

	QC
	Proposal 2: Further consider the detailed design for SRS resource configuration, SRS power control, limitation on number of power changes and collision handling with other UL channels.
While, another SRS resource set including additional SRS symbols could be configured mostly for DL CSI acquisition based on the DL/UL reciprocity. In such cases, when performing open-loop power control, the eNB may consider different target SINR based on a reported DL measurement. Additionally, the closed-loop power control parameters for SRS could be configured different from those of PUSCH (e.g. different power control parameters for additional SRS symbols and legacy SRS symbols).
In general, it is desirable to minimize as much as possible the number of power changes within a subframe – or make it depend on UE capability.

	Nokia, NSB
	Proposal 3: Study further whether power control enhancements are needed for SRS when virtual cell ID configuration for SRS is used.



Based on the inputs, following are proposed for discussion:
Proposal 11: Consider whether to have separately power control for different SRS configurations or different virtual cell ID configurations.
Proposal 12: Consider whether to limit the power changes within a subframe.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
In this contribution, the inputs are summarized and following proposals are made based on the inputs:
For cell specific SRS resource allocation:
Proposal 1: Include the following scenario for RAN1 work on additional SRS symbols:
· FDD-TDD CA, where PCell is FDD and SCell is TDD, 
· Asymmetric CA, i.e. # of DL CCs > # of UL CCs with SRS carrier switching
· Note: Other scenarios are not precluded
Proposal 2: Clarify the guidance of WID on SRS resource allocation for a cell.
· 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
Proposal 3: The additional SRS symbols for a cell are down-selected between:
· Option 1: symbols in one slot
· Option 2: symbols in one subframe
· Option 3: the last symbol of each slot
· Option 4: symbols in one subslot
· Option 5: DMRS symbols
For aperiodic/periodic SRS configuration:
Proposal 4: Aperiodic SRS triggering for additional SRS is supported. FFS on periodic SRS triggering for additional SRS.
For frequency hopping or repetition:
Proposal 5: Consider to support frequency hopping within a subframe, FFS on repetition based pattern.
For antenna switching:
Proposal 6: Consider to support antenna switching within a subframe. 
For configuration:
Proposal 7: The additional SRS and legacy SRS are separately configured to a UE.
Proposal 8: UE can transmit both additional SRS and legacy SRS if the UE is configured with SRS transmission in both additional SRS resource and legacy SRS resource.
For UCI and UL-SCH transmission:
Proposal 9: For UL-SCH transmission in UL subframes with additional SRS configured, consider following options:
· Re-use the design of shortened PUSCH
· Rate matching of PUSCH is extended to cover additional SRS
· Avoid collision between PUSCH and additional SRS by scheduling/configuration
Proposal 10: For UCI transmission, consider UCI transmission through PUCCH and PUSCH with shortened format for subframes of which more than one symbol is configured for SRS transmission.
For other issues:
Proposal 11: Consider whether to have separately power control for different SRS configurations or different virtual cell ID configurations.
Proposal 12: Consider whether to limit the power changes within a subframe.
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