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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, the discussion on additional SRS symbols for LTE [2-12] 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 virtual cell ID 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
Configuration of virtual cell ID
The views of companies are listed in following table
	Sourcing
	Related proposals/comments

	Huawei, HiSilicon
	Proposal 1: For SRS, if is configured by higher layer, otherwise .

	ZTE
	


Therefore,  for SRS can be configured by higher layer signaling in order to achieve interference randomization especially when traffic load is heavy. Certainly, the  can still be configured as the same as to achieve orthogonality for intra-cell SRS transmission, it is up to Base Station’s implementation.
Proposal 1: Support independent SRS sequence ID for trigger type 0 and type 1. Support SRS sequence ID per SRS configuration.

	Mitsubishi Electric
	Observation 1: The number of usable SRS sequences is limited by the requirement on orthogonality among the sequences
Observation 2: Inter cell interference is a critical issue in Rel. 16 LTE
Observation 3: Flexible assignment and quasi-orthogonal generation of SRS sequences are needed
Proposal 1: Support virtual cell ID based SRS sequence generation
Proposal 2: Support higher layer based configuration for virtual cell ID

	LGE
	Proposal 1: The configurable range of virtual cell ID for SRS sequence is the same as LTE physical cell ID.

	Lenovo, Motorola Mobility
	Observation: virtual cell ID for SRS can increases SRS capacity in the code/spatial domain.
Proposal 1: VCID for PUSCH can be used for SRS without RRC impact.
Proposal 2: eNB could configure multiple VCIDs for SRS for UE for different scenarios.

	Intel
	Proposal : Introduce a UE specific higher layer configurable virtual cell ID for SRS with default value being cell ID.

	Samsung
	Observation: 
· Support of virtual cell ID for SRS can provide SRS capacity and corresponding performance enhancements.
Proposal: 
Support dynamic selection of higher layer virtual cell ID for SRS.

	MTK
	Proposal 1: Virtual Cell ID for SRS is configurable via higher layer, where 
·  is a per-UE configuration
·  is a per-antenna-port configuration
·  is a per-antenna-port-group configuration
 otherwise if no value for  is configured by high layers
Observation 1: Introducing Virtual Cell ID for SRS is an effective way of increasing SRS capacity.

	QC
	Proposal 1: The vertical cell ID is a unicast RRC configured parameter that replaces the cell ID to generating SRS sequence.
· The cell ID is still used as the SRS sequence ID if not configured by higher layers.
[bookmark: _GoBack]Proposal 2: Consider symbol/symbol-group specific configuration of virtual cell ID or cell ID for SRS sequence ID.

	Ericsson
	
Proposal 1	A virtual Cell ID for SRS () has the same value range as the physical Cell ID.

Proposal 2	Independent higher layer virtual cell ID parameters for SRS (), is supported for periodic and aperiodic SRS respectively

	Nokia
	Proposal 1: UE-specific virtual cell ID for SRS with the range [0, 503] is introduced. 
Proposal 2: Study further if virtual cell ID configuration should be SRS symbol or subframe specific.



Based on the inputs, all companies agree to have higher layer configured virtual cell ID for SRS. On the range of virtual cell ID, three companies proposed to be the same as LTE cell ID range. And companies have diverse views on the granularity of virtual cell ID configuration. Therefore, we have following proposals:
Proposal 1: For SRS, if is configured by higher layer, otherwise , where  is within the range from 0 to 503.
Proposal 2: FFS on the virtual cell ID configuration is
· Per trigger type (periodic or aperiodic)
· per-UE configuration
· per-antenna-port configuration
· per-antenna-port-group configuration
· per symbol/symbol-group
· per subframe
· dynamically indicated

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

	ZTE
	

Proposal 3: For SRS pseudo-random sequence, support the same symbol-level generation of the pseudo-random sequence for both  and as NR.

	QC
	Proposal 3: Consider time-varying SRS sequence for more than one SRS symbol in a UL normal subframe.
FFS other enhancement/modification to the SRS sequence.

	Huawei, HiSilicon
	Observation 1: Root sequence index for SRS with KTC =2 and KTC =4 should be carefully selected to avoid collision when virtual cell ID is introduced.
Proposal 2: If the comb number for SRS is configured as 4, the root sequence index q is multiplied by 4.


Based on the inputs, the following proposals are made for discussion:
Proposal 3: Consider time-varying/symbol-wise SRS sequence generation.
Proposal 4: Consider whether enhancement for sequence collision is supported.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
In this contribution, the inputs are summarized and following proposals are made based on the inputs:
Proposal 1: For SRS, if is configured by higher layer, otherwise , where  is within the range from 0 to 503.
Proposal 2: FFS on the virtual cell ID configuration is
· Per trigger type (periodic or aperiodic)
· per-UE configuration
· per-antenna-port configuration
· per-antenna-port-group configuration
· per symbol/symbol-group
· per subframe
· dynamically indicated
Proposal 3: Consider time-varying/symbol-wise SRS sequence generation.
Proposal 4: Consider whether enhancement for sequence collision is supported.
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