3GPP TSG RAN WG1 Meeting #94bis                                      	 R1- 1810569
[bookmark: _GoBack]Chengdu, China, 8th – 12th October, 2018

Agenda Item:	6.2.3.1.2
Source:	Lenovo, Motorola Mobility
Title:	Discussion of virtual cell ID for SRS
Document for:	Discussion

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
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
· 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 in RAN1#94[2]:
Agreement 
· For SRS, if is configured by higher layer, otherwise , where  is within the range from 0 to 503.
In this contribution, we provide our views of the virtual cell ID design for SRS.
Discussion
In the current specification, only physical cell ID is available to generate SRS sequences. If allowing virtual cell ID(VCID) used for SRS sequence generation, more opportunity of additional SRS transmissions can be obtained, and the SRS capacity can be improved. 
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Virtual cell ID for PUSCH DMRS and PUCCH DMRS were introduced in Rel-11 for interference coordinate in the CoMP set. Two different VCID are introduced for PDSCH DMRS in Rel-11 to afford more DMRS resources in code domain. Since FD-MIMO provides eNB with more TRXUs, the spatial separation of users in the uplink can be greatly magnified. It is helpful to introduce quasi-orthogonal SRS transmissions from different UEs to allow more available SRS resources in one cell. Hence, a straightforward technique for SRS capacity enhancement is to introduce VCID also for SRS.
Observation: Introducing virtual cell ID for SRS can increases SRS capacity in the code/spatial domain.
It had agreed in RAN1#94 meeting [2] that virtual cell ID for SRS will be configured by higher layers for a  UE. As mentioned previously, FD-MIMO can be used for UEs separation in the spatial domain by using different beams based on Class B K>1 CSI reporting, each serving beam can be treated as a virtual cell. Different VCID can be associated with different virtual cells or serving beams. eNB could configure two or more VCIDs for SRS by higher layers and indicate one single VCID for each SRS transmission based on the reported CRI if configured. So eNB could configure one or more VCID for SRS for one UE  for different scenarios.
Proposal 1: eNB could configure multiple VCIDs for SRS for UE for different scenarios.
[bookmark: OLE_LINK1][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK72][bookmark: OLE_LINK73][bookmark: OLE_LINK70][bookmark: OLE_LINK71]One question is how to indicate the VCID for each aperiodic SRS transmission. If two or more VCIDs for SRS are configured, eNB will determine a single VCID for the UE and include a VCID-SRS-indicator to the UE in the DCI directly, like nSCID indication for PDSCH DMRS, with a positive SRS request value. Each value of the Cell-ID-SRS-indicator corresponds to a VCID defined by the higher layer signaling. UE acquires the virtual cell ID for SRS according the decoded DCI and the received Cell-ID-SRSs via higher layer signaling. The disadvantage of this method is that new DCI format will be introduce to indicate the VCID for the aperiodic SRS transmission, so many DCI formats in LTE. A compromise scheme is to transmit this indication by using MAC CE.
The eNB could also sent the VCID-SRS-indicator via a MAC CE selection command to the UE to avoid introducing new DCI formats. The UE shall use the virtual cell ID for SRS corresponding to the VCID-SRS-indicator no earlier than subframe n+4 after the HARQ-ACK corresponding to the PDSCH carrying the selection command is transmitted in subframe n.
Proposal 2: The eNB could indicate one VCID for a UE via a MAC CE command to avoid introducing new DCI format.
Conclusion
[bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4]Observation: Introducing virtual cell ID for SRS can increases SRS capacity in the code/spatial domain.
Proposal 1: eNB could configure multiple VCIDs for SRS for UE for different scenarios.
Proposal 3: The eNB could indicate one VCID for a UE via a MAC CE command to avoid introducing new DCI format.
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